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Importance of Soil Testing

Crop yield potential and soil nutrient status vary from year
to year and from field to field (Walsh 2015). These diferences
are due to several factors, including weather conditions,
nutrient removal of the previous crop grown and its yield, as
well as on-farm management practices. Soil testing assists in
addressing temporal (year-to-year) and spatial (within- field
and field-to-field) variability, and thus is an important factor
to ensure optimal nutrient use efficiency.

Soil testing is a necessary component of successful,
sustainable soil nutrient management (Nair 2018). Proper
soil testing offers many beneffits, including economic (e.g.,
optimizing production inputs, eliminating overapplication of
fertilizers), agronomic (e.g., enhancing crop yield and quality,
tailoring fertilizer inputs to individual crop needs), and
environmental (e.g., soil nutrient status monitoring, reducing
the risk of nutrient loss to air and water). Soil testing allows
growers to make better-informed nutrient management
decisions and plays a key role in identifying problem areas
in a field (United States Department of Agriculture National
Resources Conservation Service 2007).

Many advances have been made in recent years in
agricultural technologies (e.g., variable rate fertilization),

but the technologies do not delineate useful basic agronomic
principles like monitoring soil fertility. This publication fills in
that gap by focusing on proper soil sampling methodologies
as well as it provides resource information needed to conduct
soil sample analyses.

Soil Sampling Procedures

Reliable fertilizer recommendations are developed through
research by calibrating laboratory soil test values and
correlating them with crop responses to fertilizer rates. It is
important to recognize that soil test results are only as good
as the soil sample; indeed, poor soil sampling procedures
account for more than 90% of all errors in fertilizer
recommendations based on soil tests.



Sampling Time

A soil test is a chemical evaluation of a soil’s capa-
bility to supply nutrients to plants (Hochmuth et al.
2017). Essentially, a soil test is a snapshot of the nutri-
ent status of the soil at the time of sampling. Because
nutrient concentrations in the soil vary during the
season, it is important to collect soil samples as close
as possible to anticipated fertilizer applications; for
example, at-planting fertilization (to ensure good
stand establishment) and in-season fertilizer applica-
tion (for optimized yield and quality).

Sampling Frequency

For optimal soil fertility management, samples
should be collected each year, and fields fertilized
for a realistic potential yield of the intended crop.
Although annual soil sampling is most effective,

it may be cost prohibitive for some growers. It is
recommended to collect soil samples at least once
during each crop rotation cycle (Walworth 2011).
Maintain a record of soil test results on each field to
evaluate long-term trends in nutrient levels.

Sampling Technique

Collecting a soil sample that represents the area

to be fertilized is key (USDA NRCS 2007). If the soil
sample is not representative, the test results and
recommendations can be misleading. For best results,
follow these five steps:

1. Divide field into units

Since most fields are not completely uniform and
may vary in topography, divide each field into
sampling units (Figure 1).
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Figure 1. Example of dividing a field into sampling units prior
to soil sampling. Image credit: Mahler and Tindall 1997,
Figure 2.

2. Plan out sampling path

Soil cores must be taken randomly within each
sampling unit; be sure to distribute sampling sites
throughout the unit. Meander or zigzag throughout
each sampling unit while collecting soil samples.
Note: Special considerations are necessary in eroded
areas, furrow irrigation, and those under no-till (see
“Special Sampling”). If you plan to sample less than a
year after banding or injecting fertilizer, see Table 2,
“Areas where fertilizer has been banded.”

3. Determine the number of samples

The number of samples needed to obtain a
representative composite sample depends on the
uniformity and size of the sampling unit (Table 1).

Table 1. Number of samples recommended for a
representative composite sample based on field size.*

Field size, acres Recommended number of samples

<5 15
5-10 18
10-25 20
25-50 25
>50 30

*An absolute minimum of 10 samples from each sampling unit is nec-
essary to obtain an acceptable sample.

4. Define sampling depth

Laboratory tests are calibrated to specific depths.
Collect samples from the following appropriate
depths, because a core taken deeper or shallower will
generate inaccurate results. Although most fertilizer
guides are based on a 2 ft depth, the sampling depth
should be tailored to crop-specific rooting depth for
the most accurate recommendations. For beans and
sugar beets, the soil samples are typically collected
from 2 ft. For potatoes, 1 ft samples are appropriate,
due to a shallower rooting depth. With wheat rooting
depth reaching up to 5 ft, it would be beneficial to
sample wheat fields to 5 ft, in 1 ft increments. This
allows more accurate quantification of the plant-
available soil nutrient pool.



5. Collect samples

Within each sampling unit, take soil subsamples
from several different locations using an auger; mix
the subsamples into one composite sample, keeping
the subsamples separated by depth (Figure 2). The
total amount of soil you collect from each sampling
unit may be more than you need for analysis.
Prepare a composite sample by mixing the individual
subsamples together thoroughly, then take a smaller
soil sample (at least 1 p or about 1 1b) from the
composite mixture.

Sub-sample 1

0-12in

12-24in

Sub-sample 2

Figure 2. Example of creating composite samples from two
subsamples for two depths. Image credit: Olga Walsh.

Sample Handling

Soil samples need special handling to ensure accurate
results and minimize changes in nutrient levels. Soil
sample bags are often available from the laboratories
at little or no cost. Place well-mixed soil samples into
soil sampling bags and ship them to the laboratory
for analysis as soon as possible. If samples cannot be
shipped to the lab immediately:

* freeze or refrigerate them for up to 1 week, or

* air dry them at room temperature by spreading
the sample in a thin layer on a plastic sheet.

Make sure to label each sample bag by providing
your name, your contact information, sample depth,
and sample location such as field number. The field
number should correspond to a field or farm map
that shows the areas sampled. If you would like the
lab to make fertilizer recommendations based on
the soil test results, specify the crop to be grown, a

realistic yield potential, and recent field history (pre-
vious crop, fertilizer applied, incorporated residue).

Dos and Don’ts

e Do use clean sampling equipment. Make sure it is
free of fertilizer— even a trace of fertilizer dust
can result in a highly erroneous soil test value.

e Do avoid or discard surface litter such as straw
or manure when taking soil samples.

* Do keep soil samples moist and cool at all
times toavoid nutrient loss due to increased
biological activity.

e Do use University of Idaho Extension nutrient
management guidelines for making fertilizer
recommendations based on your soil test results.
Fertilizer guides can be found at https://www.

uidaho.edu/extension/publications/crop.

* Don’t sample snow-covered fields. The snow
makes it difficult to recognize and avoid
unusual areas in the field, so you may not get a
representative sample.

e Don’t use postharvest fall soil test values to make
spring fertilizer application recommendations.
The soil nutrient levels may change dramatically
from the time the soil was sampled.

* Don’t use galvanized or brass equipment of
any kind. It will contaminate the samples
with micronutrients.

* Don’t sample unusual field areas (e.g., eroded
sections, dead furrows, and fence lines).

e Don’t dry samples where agricultural chemical
or fertilizer fumes or dust could come in contact
with them.

* Don’t use artificial heat when drying
soil samples.

Special Sampling
Special sampling (described in Table 2) is advised for
fields that

¢« have been leveled or have eroded areas
e are surface/furrow-irrigated

e have had a fertilizer band applied in the
previous year


https://www.uidaho.edu/extension/publications/crop
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Table 2. Recommendations for special soil sampling
circumstances (i.e., problem fields/field areas).

Circumstance Recommendation

Sample these areas separately if they
are large enough to be managed/
fertilized differently from other areas. Do
not include in sampling if they are not
large enough and will be managed the
same as the rest of the field.

Land-leveled and
eroded areas

Sample furrow-irrigated fields before the

furrowing operation.

If sampling after furrowing is completed:

. choose 20 sampling sites

. collect 3 samples per sampling site

(hilltop, midpoint between hilltop

and furrow, and furrow)

mix the hilltop, midpoint, and furrow

samples to make a composite sam-

ple for each of the 20 sampling sites

. mix the sampling site samples
together for a representative
composite field soil sample

Surface (furrow)
irrigated fields (see
Figure 3) .

Where fertilizer has been banded and
tillage has occurred before soil sampling,
follow regular sampling procedures. If
tillage has not adequately mixed the soil,
special soil sampling is required.

If direction, depth, and spacing of

fertilizer bands is known, choose a

systematic or controlled sampling

method. If direction, depth, and spacing

of fertilizer bands is NOT known, use a

random method.

Systematic method:

1. Choose 20 sampling sites.

2. Take 5—-10 soil samples

perpendicular to the band row

beginning at the edge of a fertilizer
band and ending at the edge of an
adjacent band.

Mix and composite the soil collect-

ed from each of the 20 sampling

sites to obtain a representative

soil sample.

Controlled method:

1. Take samples from 20 to 30
sampling sites throughout the field.

2. Avoid sampling directly in a fertili-
zer band.

3. Mix and composite the soil collected
from each of the sampling sites to
obtain a representative soil sample.

Random method:

1. Take samples from 40 to 60
sampling sites throughout the field.

2. Mix and composite the soil collected
from each of the sampling sites to
obtain a representative soil sample.

Areas where fertilizer
has been banded (see
Figure 4).

()

Figure 3. Sampling furrow-irrigated fields requires special
sampling techniques. Take a sample from the hilltop, the
furrow bottom, and at the midpoint between the hilltop and
furrow bottom. The 12 in sampling depth is based on the
midpoint sampling location. Image adapted from Mahler and
Tindall 1997.
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Figure 4. Example of a fertilizer band placement: inrow
(left) and side-banding (right). Image adapted from https://
openclipart.org/image/2400px/svg_to_png/182057
Sprouting plant-pea.png.

Precision Soil Testing

In order to treat in-field variability, it is important
first to understand the nature and extent of
variability present in the field. This can be done by
utilizing soil surveys. The Web Soil Survey provides
geographically referenced digital soil surveys freely
available for download from the USDA NRCS website
for most Idaho counties.

Several sensor-based systems are currently avail-
able for growers interested in conducting sen-
sor-based soil testing and developing precise field
management plans.

As an example, Soil Information System (SIS)
(Trimble, Sunnyvale, California) allows the user to

e assess soil properties (i.e., soil texture,
compaction, root zone depth, moisture retention
and availability, and soil fertility)
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* view soil test results for the top 48 in of the field’s
surface in 3D format

* download soil maps into a farm management
software application

* create variable rate application maps

A 2014 Return on Investment study in viticulture
has shown that SIS delivered $97/acre and $111/
acre savings in lime and potassium applications,
respectively, with comparable or better yield and
quality (Trimble 2011-14).

Another way to improve the efficiency and precision
of soil sampling is to invest in automated soil
sampling equipment, or to use automated sampling
services. Examples of such equipment include

e Falcon 5000 (Falcon Soil Technology, Monroe,
North Carolina): Soil-sampling machine that
collects, logs, and stores soil samples on the go;
mixes composite samples by mixing the collect-
ed cores, filling the sampling containers,
indexing the samples, and storing them on
the back of a trailer.

e AutoProbe (AgRobotics, Brighton, Illinois): The
tractor-mounted machine enables you to pull up
to 40 cores in consistent, uniform, and accurate
distances, angles, and depths.

A 2015 study indicated that AutoProbe sampling at
2.5 acre grids (compared to hand sampling at 2.5
acre grids) predicted less potash needed to be
applied, which resulted in a savings of $12.00/acre
(McAlister 2016).

Many precision soil-testing methodologies and
equipment fall under NRCS Environmental Quality
Incentives Programs (EQIP) like Water Quality
Enhancement Activity (i.e., Precision Application
Technology to Apply Nutrients). For more information
about EQIP, please contact your local NRCS field office.

Choosing a Laboratory

It is important to choose a laboratory certified
through the Performance Assessment Program (PAP).
The PAP is a voluntary program offered by the Soil
Science Society of America. It is operated as a part

Issued in furtherance of cooperative extension work in agriculture and home economics, Acts of May 8 and June 30, 1914,
in cooperation with the U.S. Department of Agriculture, Barbara Petty, Director of University of Idaho Extension, University of
Idaho, Moscow, Idaho 83844. The University of Idaho has a policy of nondiscrimination on the basis of race, color, religion,
national origin, sex, sexual orientation, gender identity/expression, age, disability or status as a Vietnam-era veteran.

of the North American Proficiency Testing program
(NAPT). The PAP has been adopted by the NRCS as
assurance that soil test analyses are being performed
using validated testing methods.

Currently, PAP-certified laboratories are listed on the
NAPT website: https:/www.naptprogram.org/about/

participants/all/.

Note: This bulletin is an updated and expanded
version of BUL 704 by Robert L. Mahler and Terry A.
Tindall, last revised in 1997.
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