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Soil Sampling Procedure
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When sampling for soil health, there is not much difference to sampling for standard soil nutrient
analysis. However, you need to answer few questions to set up the proper approach for how to sample
your soils:
Look at your soil constraints:
a) Do your soils have issues about soil compaction, water infiltration, and/or aggregation
stability?;
b) Do you know if your soil microbes are active and in appropriate balance for doing their job
to keep soil resilience?
If your answers are yes for a) and no for b), then you will be soil sampling for health assessment. You
also need to define what your goals are:
Do you want to assess the current soil health status?
Compare two different managements
Identify problem in a particular area? or
Change management on some field? etc.
Properly sampled soils will provide accurate results for monitoring soil health management strategies.
Information presented in this protocol might help you to decide how you want to sample your soil. It is
recommended to do a soil health baseline assessment for monitoring soil changes. This will include
evaluations of three main soil health components: physical, chemical and biological status. CARA’s Soil
Health Lab (https://www.carasoilhealthlab.ca/) will be focusing on the physical and biological
constraints. For the soil chemical properties (Nutrient Recommendation), a portion of the soil sample
will be sent to the chosen commercial laboratory.
A complete assessment of soil health should be done every two to three years. The constraint indicators
that are identified should be monitored at least once a year. Future samplings of the same field will
contribute to monitoring the impact on soil health of implemented soil management practices. Soil
samples for soil health can be taken at any time of the year when soil conditions are appropriate and
before starting a new soil health management program. When monitoring a particular site, it is
important to establish a regular sampling date (spring, summer and/or fall), as it should occur at the
same time of year to reduce temporal variability of the results. Soil samples should not be taken when
the soil is too wet or frozen or shortly after applying any soil amendments (organic matter, lime,
fertilizer, etc).
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Selecting your Field:
After you identify what your goals are, the first step is to determine the number of samples needed per
field. This is dependent upon the amount of variability within the field. Looking at a map or aerial photos
of your farm will help. (https://www.lsdfinder.com/map , https://earth.google.com/web/ , Figure 1)

Figure 1.- Use aerial photos of fields for identifying sampling units
determination
Select areas into sampling units with similar management, cropping system, yield response, similar soil
type, slope, drainage, etc. Irregular areas should be avoided, unless a sample is specifically being
collected from those areas to identify constraints (such as the dotted lines marked on Figure 2 and
Figure 3, where there are uneven growth, low spots, eroded knolls, terraces and saline areas). Each
sample should be representative of the target area.

Figure 2.- Farmer field sampling units: Random composite (G) sampling
After the target areas have been defined, mark them on a map before sampling. Label them properly
with a unique name or number (Figure 2 and 3) and use that identification for marking your soil sample
bags.
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Consideration for Sampling for Soil Health Assessment (SH-Assessment):
When starting a soil health management assessment, it is recommended to mark each soil sampling
core site with a GPS. Sampling from the same area each time will reduce variability and they will give a
better evaluation of changes. Additional infield measurement information should be taken during
sampling for complementing the soil health assessment such as soil bulk density (BD), soil water
infiltration as well as soil compaction (more detailed information on infield measurements are annexed
with this protocol). Collection of field history information is also important for better understanding soil
health status (eg. crop grown, chemical applications, tillage, etc.).

Soil Sampling Tools:
Sampling for soil health purposes may require special tools and different sampling procedures. Stainless
steel soil sampling probes as well as vehicle-mounted hydraulic probes are very commonly used tools for
collecting soil samples. The soil probe provides a continuous soil core with minimal disturbance to the
soil and it can be readily divided into various sampling depths. However, for soil health sampling a small
diameter soil probe may affect measurements on soil aggregates especially if the soil is high in moisture.
Larger diameter probes are needed to avoid destruction of soil aggregates (physical assessment). When
soil sampling for soil biology, a small core may be used (apple corer ~ 1 inch diameter, Picture 1). A
spade might be also used but it will require more work to collect each sample. At each core (subsample), a small hole needs to be made deeper than the selected depth of each subsample; it is very
important when using a spade to collect the same amount of soil at the selected depth. The collected
soil should have the same thickness, depth and width to avoid different soil volume collected at each
core. It is recommended to use a probe of at least 2 inches in diameter to avoid disturbance of soil
aggregates. A 2-inch diameter by 3 inch depth or 2- inch diameter by 6 inch depth aluminum ring may
be used for soil health sampling (Picture 2).

Picture 1. Apple corer 1” diameter, 3” depth

Picture 2. 2” Diameter rings: 3 and 6” depth

Picture 3 shows additional tools useful for soil health sampling: 3 large pails (or one for each selected
depth), labeled 1-galllon freezer reusable (Ziploc) bags, markers, CARA’s submission form, different size
of ring cores, cooler, rubber hammer and a piece of wood (or a driver sampler), and field map (optional)
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Picture 3. Other soil health sampling tools

Type of Sampling:
There are different procedures for soil sampling. You should choice the one most suited to your field
condition (http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw11920/$FILE/3-3.pdf (Annex
A)). It is important to utilize the same sampling strategies for the length of your soil health monitoring
program. The two more common procedures used in the province of Alberta are described in this
protocol.

Random Composite Sampling:
If a random composite sampling is selected (Figure 2 and Figure 3a, 3b and 3d), the field should be
sampled in a simple zig-zag pattern collecting cores from 15 to 20 sites. Separate cores by the selected
depths. Avoid areas such as manure piles, fertilizer spills and wet or salty spots, etc. Do all the infield
measurement as described. For more information, see annexed references.

Benchmark Sampling:
For benchmark sampling (Figure 3c, 3e and 3F) select areas which are similar to most of your field unit.
To select potential benchmark sites, observe crop development patterns at the beginning of the growing
6

season where differences in growth are more noticeable. Select a small area of minimum 30m x 30m.
Collect at least 6 - 8 cores in a random or grid pattern (GPS each core). Make composite soil samples for
each soil depth selected. Do all the infield measurement as described (pages 8-11). For more
information, see annexed references.

Figure 3.- Farmer Field Sampling Units. Random composite (A, B, D) and Benchmark (C, E, F) samplings

Sampling depth considerations:
The most common sampling depth is based on laboratory tests calibrated for nutrient applications to 6
inch depth and 6 to 18 inches for specific nutrients (nitrogen and/or sulfur). Two major situations need
to be considered when determining the sampling depths for soil health: First, what is the soil
compaction (soil hardness in psi) at 0-6 inches, measured with a penetrometer? If soil is compacted
above 6 inches, the biology of the soil might be affected at that depth. With this in mind it is important
that the soil sampling depth should be revised for soil health assessments. Second, most of the initial
soil health changes might occur close to the soil surface where most of the plant roots are located. The
rhizosphere is where most of biological activity takes place. It is recommended to sample at a depth of
0-3 inches and 3-6 inches if there is a compaction issue between 0 to 6 inches. Deeper soil samples
should be also considered and be taken (> 6 inches) as a baseline for soil health changes over time as
well as to check if more areas of compaction exist. This will allow for monitoring changes thru the profile
due to soil health management implemented in the field. If no soil compaction is observed at 6 inches
depth, then it will be Ok to collect 0 to 6 inches in one sample for surface evaluation.
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Soil sampling procedures:
Before starting to collect the soil samples, be sure to remove any crop residue or surface debris from the
soil surface. If using the recommended ring, a 2(or 3)-inch diameter ring should be driven into the soil to
the selected depth using a block of wood and a rubber hammer (Picture 4a) or the driver sampler
(Picture 4b).

a

b

Picture 4.- collecting soil samples with a ring core.
Collect as many cores (sub-samples) as you need for your field depending on the soil sampling
procedure selected (Figure 2 or Figure 3). Place each portion of the sub-sample in clean labeled plastic
pail, separated by depth (Picture 3); continue collecting all the sub-samples for that field. Mix thoroughly
to obtain an individual composite sample for each depth. After the composite sample is well mixed,
transfer at least 3 cups of soil into a labeled re-closable freezer bag. Keep the samples in a cooler.
Microorganisms in the soil are very sensitive to extreme condition. Keep samples out of direct sunlight
and keep them cool. DO NOT air dry the soil collected prior to shipping.

Infield SH-Assessment:
Special soil sampling techniques need to be used for evaluating infiltration, compaction (soil hardness)
and/or bulk density

Soil Water Infiltration Rate:
Infiltration rate measures how fast water enters the soil. Water entering too slowly may lead to ponding
on level fields or to erosion from surface runoff on sloping fields.
Select 3 or 4 core sites representative of the field for measuring infiltration. Record on the data sheet
the GPS information and the timing that it will take for 1 inch of water to infiltrate the soil. The USDANRCS protocol (https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052494.pdf (Annex
B)) is recommended for measuring infiltration. Pictures 6, 7 and 8 show a version of USDA-NRSC
infiltration protocol. Depending on the diameter of the ring used, a different amount of water is needed
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for this test. Table 1 shows the volume of water needed for assessing infiltration rate of 1 inch of rain for
different ring diameter sizes (calculations were done using the volume formula for a cylinder: V= 7.98 x
R2) and the inside radius (R) for this measurements). However, it is recommended to use a ring with a
wider diameter for easy monitoring of the water infiltration.
Table 1. Amount of water for infiltration rate measurements based on different ring diameters.
Ring* Diameter
(inches)
2
3
4
6

Radius inside Ring
(cm)
2.54
3.81
5.08
7.62 (7.45)

Amount of
water (ml)
52
116
206
463 (444)

*Ring height at least 5”

Materials for measuring infiltration:
The following materials will be needed: a ring of known diameter (at least 5” height), plastic wrap, block
of wood, rubber hammer or density driver, (Pictures 4a or 4b), distilled water or rain water (based on
Table 1), data sheet and a timer.
Considerations:
If the soil is saturated, infiltration will not occur. Wait for one or two days following a rain event to allow
for some drying. If soil is too dry, two infiltrations test are usually performed. The first inch of water
wets the soil and the second inch gives a better estimate of the infiltration rate in the soil. If the first
inch of water takes a lot of time to infiltrate, there is no need to do a second test, record this time.
Procedure:
Clean the area of residue and weeds or trim the vegetation to the soil surface before inserting the ring.
Insert the ring in place at least 2 inches deep, without disturbing the soil surface inside the ring. Gently
firm the soil surface around the inside edges of the ring to prevent uneven water infiltration at the ring
wall (Picture 6a). Using the plastic wrap, the ring should be covered allowing it to line inside the ring to
hold the water as shown in picture 6b and 7a.

a

b

Picture 6.- a) Ring pushed 2 inches deep, b) plastic wrap lining inside the ring
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Pour the correct amount of water (1” of water) depending on the ring diameter into the ring (Picture
7a). Have the timer ready to start at the same time that the plastic wrap is gently removed (Picture 7b)
allowing the water to stay in the ring (Picture 7c)

b
c
s
s
Picture 7.- a) 1 inch of water, b) removing plastic wrap, c) water infiltrating the soil
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Soil Hardness (Compaction) Assessment:
’
’
At each of the core sites, it is important
to collect soil hardnesss information with a penetrometer (soil
s
compaction tester). A penetrometer
S was designed to mimic plant
S root penetration in the soil. Root
penetration decreases linearly with
o penetration resistance (https://extension.psu.edu/diagnosing-soilo
compaction-using-a-penetrometer-soil-compaction-tester
(Annex
il
il D)). If the maximum hardiness from 06” is above 200 psi, less than 30 %
of
the
roots
will
be
able
to
penetrate
deeper into the soil; at 300 psi
H
H
almost no roots will penetrate into
e the soil. Roots will be onlyeable to growth through cracks or when
the compaction has been minimized.
a Any soil compaction tester
a might be used to measure the soil’s
strength (in psi). At CARA, the Dickey
lt John’s penetrometer is used
lt for measuring soil compaction
(Picture 9a). Slow pressure shouldh be applied as the penetrometer
h advances into the soil (Picture 9b).
Measurements should be taken when
the soil moisture condition
I
I is not in the extreme (too wet or too
dry). Record the depths (inch) at nboth 200 and 300 psi on the data
n sheet (Annex C). These
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measurements are used to assess the rooting depth affected by compaction and relate them to soil food
web microbial habitat (Annex D).

a

b

Picture 9.- a) Soil Compaction Meter: Penetrometer, b) Penetrometer measurement

Sampling for Soil Bulk Density (BD).
If you select to measure BD, a separate sample should be taken at the desired depth for BD (0-3” or 06”). You can use any tool for sampling as long as you will be able to measure its height (H) and diameter
(D). CARA’s Soil health sampling kit will supply two ring sizes for soil sampling 2” (D) by 3” and 6” (H).
They can be used for BD assessments. Select the same core site areas that you have selected for
infiltration. Record the GPS location for future references.
Clean the soil surface and insert the ring as described in Pictures 4a or 4b and 10a. Remove the ring with
the precaution of not losing any soil (Picture 10b) and collect the soil in a sealable plastic bag (Picture
10c).

a

b

c

Picture 10. Soil core ring 3 by 3 inches soil surface (a), whole core (b), BD soil in sealable labeled bag (c).
The USDA-NRCS (https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_050957.pdf
(Annex E)) protocol is recommended for measuring bulk density. If you cannot process your bulk density
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in your farm, the whole sample inside the sealed bag should be sent to the lab for BD evaluation.
Caution needs to be taken to ensure all the soil collected in the ring is transferred into the plastic
sealable bag. BD samples can be composite (record how many cores there are in that bag) or kept them
in separate sealable plastic bags. Include information on the internal diameter and the height of the ring
cylinder used to collect the soil for BD as well as how many cores there will be in each bag submitted to
the Lab for calculation purposes. (see annexed BD reference protocol)

Packing, Labeling and Shipping Recommendations:
Include the following information for labeling your samples in the submission form (download
submission form):
Farmer name and/or submitter name, farm name, legal land location, E-mail address, phone, field ID
unit (make sure your field ID is consistent with your maps and sampling bags), management history:
cropland, pasture, range, etc., previous crop, crop to be grown and/or management strategy; what kind
of tests are to be conducted, date of sampling and sampling depth; Also identify what kind of sampling
procedure was used (randomized or benchmark). If infield measurements were done (BD, penetrometer
readings and water infiltration), please submit the data sheet with the respective information. Save a
copy of the information submitted to the lab for your records.
Each sample unit should be bagged individually in a 1-gallon plastic (Ziploc) bag. Make sure that each
bag is properly labeling with the sampling field ID unit. Double bag your samples if it is necessary.
Several samples bag can be placed in a larger plastic bag. Place your sample(s) in a cardboard box. Place
the submission form inside a plastic bag and put it in the box. Make sure that the samples are well
packed. Add packing material if it needed to minimize sample movement. Ship them immediately to the
laboratory; ensure that the sample arrived at the lab during business hours. When temperatures are
hot, you might use an ice pack(s) for sending the samples. All samples should be kept cool (4 °C) if they
are not sent right away to the lab.
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