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INTRODUCTION

The objective of the Phase 3 (P3) Soils Indicator is to assess forest ecosystem health in terms of
the physical properties of the soils. The soil resource is a primary component of all terrestrial
ecosystems, and any environmental stressor that alters the natural function of the soil has the
potential to influence the vitality, species composition, and hydrology of forest ecosystems.

Specifically, soils data are collected on P3 plots to assess :

e the potential for erosion of nutrient-rich top soils and forest floors.
o factors relating to the storage and cycling of nutrients and water.
o the availability of nutrients and water to plants (dependent upon soil structure and texture).

Nutrient and water availability to forest vegetation is dependent on the physical capacity of roots
to grow and access nutrients, water, and oxygen from the soil. In addition to playing an important
role in plant nutrition, the physical properties of the soil largely determine forest hydrology,
particularly with regards to surface and ground water flow. Human activities that result in the
destruction of soil aggregates, loss of pore space (compaction), and erosion may increase rates
of surface runoff and alter historic patterns of stream flow. In some areas, these changes may
result in flooding and/or dewatered streams and can reflect on both the health of aquatic
ecosystems and the management and conservation of associated forest and agricultural areas.

Wisconsin State Forests, Continuous Forest Inventory (WisCFl), Soil Measurements and
Sampling, Version 2.0 is adapted from the USDA Forest Service Forest Inventory and Analysis
(FIA) Northern Region (NRS) field guide version 4.0. NRS FIA version 4.0 is based on the FIA
National Core Field Guide, Version 4.0.

e All WisCFl-specific data elements end in “N-WisCFI” (e.g., x.xN-WisCFI).
o [WisCFI field guide electronic file note: National and regional data elements formatted as
hidden, strikethrough text are not applicable for WisCFl.]

SUMMARY OF METHOD

The soil measurement and sampling procedures are divided into two parts: soil erosion and soil
compaction. Data collection for soil erosion assessment consists of estimating the percent of
bare soil in each subplot. These measurements are combined with data from other sources and
used to parameterize established models for erosion potential (RUSLE — Revised Universal Soil
Loss Equation, WEPP — Water Erosion Prediction Project). Soil compaction measurements
consist of an estimate of the percentage of soil compaction on each subplot along with a
description of the type of compaction. Data are recorded using a handheld computer (PDR) with
a preloaded data input program.

The physical properties of the soil are assessed through the collection of soil samples. Sail
samples are collected from theunderlying mineral soil layers (subplot 2). Soils are sampledby
collecting from two depths: 0 to 4 inches and 4 to 8 inches. The texture of each layer is estimated
in the field and characterized as organic, loamy, clayey, sandy, or coarse sandy.

DEFINITIONS

Cryptobiotic crusts - A layer of symbiotic lichens and algae on the soil surface (common in arid
regions)

SOILS 7
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Duff (Humus) - a soil layer dominated by organic material derived from the decomposition of
plant and animal litter and deposited on either an organic or a mineral surface. This layer is
distinguished from the litter layer in that the original organic material has undergone sufficient
decomposition that the source of this material (e.g., individual plant parts) can no longer be
identified.

Forest floor - the entire thickness of organic material overlying the mineral soil,
consisting of the litter and the duff (humus).

Litter - undecomposed or only partially decomposed organic material that can be readily
identified (e.g., plant leaves, twigs, etc.)

Loam - the textural class name for a soil having a moderate amount of sand, silt, and clay.

Mineral soil - a soil consisting predominantly of products derived from the weathering of rocks
(e.g., sands, silts, and clays).

Soil erosion - the wearing away of the land surface by running water, wind, ice or other
geological agents.

Texture - the relative proportion of sand, silt, and clay in a soil.

EQUIPMENT AND SUPPLIES

Minimum required equipment is listed below. Field personnel may add equipment as needed to
improve efficiency in some areas.

Field Gear Unique to the Soil Indicator

e Retractable measuring tape or ruler graduated in tenths of an inch for measuring soil layer
depths.

e Soil compaction, meter, or penetrometer that can measure up to a minimum of 300 psi for
measuring soil compaction (specific to WisCFI).

e Garden trowel or hand shovel for sampling forest floor and excavating soil sample hole where
soil core sampler cannot be used.

o Small knife with sharp blade for sampling the forest floor layers.

Pruning shears (very useful in cutting through roots and litter).

Plastic water bottle for use in hand-texturing soil.

Small plastic tarp (1 yd x 1 yd) to use as a working surface.

Cleaning cloths or tissues.

Optional Soils Equipment
e Garden gloves.
+ 1-in diameter soil tube probe to take soil samples for hand-texturing.

Required Equipment not Unique to the Soil Indicator:
e Compass for locating sampling points.
e Measuring tape -100 ft loggers tape for measuring distance to sampling locations.

SOIL EROSION AND COMPACTION

Erosion is defined as the wearing away of the land surface by running water, wind, or ice.
Erosion is a natural process that occurs on all non-flat areas of the landscape. However, human

SOILS 8
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activity (such as timber removal or road-building) can result in accelerated rates of erosion that
degrade the soil and reduce the productivity of land. Extensive areas of soil erosion can have a
major effect on the aquatic ecosystems associated with forests, recreational opportunities,
potable water supplies and the life span of river infrastructure (e.g., dams, levees).

On average, the U. S. loses about 5 billion tons of soil annually to water and wind erosion. As
this soil is removed from the landscape, it carries with it all of the nutrients and organic matter that
took decades to centuries (or longer) to build up. On human time scales, fertile topsoil is not a
renewable resource.

On WisCFI plots, soil erosion potential is estimated using published models, such as the Revised
Universal Soil Loss Equation (RUSLE) and the Water Erosion Prediction Project (WEPP). These
models are based on factors that represent how climate, soil, topography, and land use affect soil
erosion and surface runoff. Generally, these models require the following factors for analysis:
percent slope, slope length, precipitation factor, vegetation cover, and litter cover. Some of these
factors are collected as part of the P2 mensuration data and other P3 indicators (percent slope
and vegetation cover), one factor is obtained from outside sources (precipitation factor), and the
remaining factors (% cover, which is given by 100 minus % BARE SOIL, and SOIL TEXTURE)
are measured on each subplot as part of the soil indicator.

Estimates of bare soil are made on all subplots. Soil texture is measured at the soil sampling site
adjacent to subplot 2.

Compaction refers to a reduction in soil pore space and can be caused by heavy equipment or by
repeated passes of light equipment that compress the soil and break down soil aggregates. This
compression increases the bulk density and reduces the ability of air and water to move through
the soil. These conditions also make it more difficult for plant roots to penetrate the soil and
obtain necessary nutrients, oxygen, and water.

In general, compaction tends to be a greater problem on moist soils and on fine-textured soils
(clays). These effects can persist for long periods of time and may result in stunted tree growth.

Information about compaction is collected on all subplots that are in a forested condition.
Compaction data collected as part of the soil indicator include an estimate of the percent of each
subplot affected by compaction and the type(s) of compaction present.

PERCENT COVER OF BARE SOIL

Record a two-digit code indicating the percentage of the subplot that is covered by bare soil
(mineral or organic). Fine gravel [0.08-0.20 inch (2-5 mm)] should be considered part of the bare
soil. However, do not include large rocks protruding through the soil (e.g., bedrock outcrops) in
this category because these are not erodible surfaces. For the purposes of the soil indicator,
cryptobiotic crusts are not considered bare soil.

If the subplot includes non-forested areas, multiply the % COVER OF BARE SOIL in the forested
part of the subplot by the % of the subplot that is in forested area. For example, if 50% of the
subplot is forested and the % COVER OF BARE SOIL of the forested part is 30%, then the %
COVER OF BARE SOIL for the entire subplot is 15 %.

When Collected: When any portion of the subplot contains at least one accessible forested
condition class
Field Width: 2 digits
Tolerance: +/- 10%
MQO: 75% of the time
Values:
00 Absent 35 31-35% 75 71-75%
01 Trace 40 36-40% 80 76-80%
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05 110 5% 45 41-45% 85 81-85%
10 6-10% 50 46-50% 90 86-90%
15 11-15% 55 51-55% 95 91-95%
20 16-20% 60 56-60% 99 96-100%
25 21-25% 65 61-65%

30 26-30% 70 66-70%

11.6.2 PERCENT COMPACTED AREA ON THE SUBPLOT
Record a two-digit code indicating the percentage of the subplot that exhibits evidence of
compaction. Soil compaction is assessed relative to the conditions of adjacent undisturbed soil.
Do not include improved roads in your evaluation.

When Collected: When any portion of the subplot contains at least one accessible forested
condition class

Field Width: 2 digits

Tolerance: +/- 15%

MQO: 75% of the time

Values:

00 Absent 35 31-35% 75 71-75%
01 Trace 40 36-40% 80 76-80%
05 1t0 5% 45 41-45% 85 81-85%
10 6-10% 50 46-50% 90 86-90%
15 11-15% 55 51-55% 95 91-95%
20 16-20% 60 56-60% 99 96-100%
25 21-25% 65 61-65%

30 26-30% 70 66-70%

11.6.3 TYPE OF COMPACTION - RUTTED TRAIL
Type of compaction is a rutted trail. Ruts must be at least 2 inches deep into mineral soil or 6
inches deep from the undisturbed forest litter surface. Record a “1” if this type of compaction is
present; record a “0” if it is not present.

When Collected: When PERCENT COMPACTED AREA ON THE SUBPLOT > 00
Field Width: 1 digit

Tolerance: No errors

MQO: 75% of the time

Values:
1 Present
0  Not present
11.6.3.1N-WisCFI NUMBER OF RUTS ON SUBPLOT

Record a two-digit code indicating the number of ruts on subplot. One rut is equal to one wheel
track. A rut an elongated depression in a trail or roadway caused by dragged logs or by wheels or
tracks of harvesting machinery and is often exacerbated by erosion from uncontrolled storm water
runoff. Do not record ruts that are less than 6 inches deep in their entirety (from the original soil
surface) or ruts that are less than 5 feet long.

When Collected:
Field Width: 2 digits
Tolerance:

MQO:

Values: 00 to 99

11.6.3.2N-WisCFI LONGEST RUT ON SUBPLOT: TOTAL LENGTH
Record a two-digit code indicating the length (in feet) of the longest rut on subplot.
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When Collected:
Field Width: 2 digits

Tolerance:

MQO:

Values: 00 to 99 feet
11.6.3.3N-WisCFI LONGEST RUT ON SUBPLOT: LENGTH THAT EXCEEDS 6 INCHES IN
DEPTH

Record a two-digit code indicating the length (in feet) of the portion of the longest rut that exceeds
a depth of 6 inches on subplot. The depth should be measured from the original soil surface. If
individual lug impressions are visible, measure to the “top” of the lug impression.

When Collected:
Field Width: 2 digits

Tolerance:

MQO:

Values: 00 to 99 feet
11.6.3.4N-WisCFI LONGEST RUT ON SUBPLOT: LENGTH THAT EXCEEDS 10 INCHES IN
DEPTH

Record a two-digit code indicating the length (in feet) of the portion of the longest rut that exceeds
a depth of 10 inches on subplot. The depth should be measured from the original soil surface. If
individual lug impressions are visible, measure to the “top” of the lug impression.

When Collected:
Field Width: 2 digits

Tolerance:

MQO:

Values: 00 to 99 feet
11.6.3.5N-WisCFI LONGEST RUT ON SUBPLOT: MAXIMUM DEPTH FROM ORIGINAL SOIL
SURFACE

Record a three-digit code indicating the maximum depth of the longest rut on the subplot. The
depth should be measured from the original soil surface. If individual lug impressions are visible,
measure to the “top” of the lug impression. Measure the depth in inches.

When Collected:
Field Width: 3 digits

Tolerance:

MQO:

Values: 000 to 999 inches
11.6.3.6N-WisCFI LONGEST RUT ON SUBPLOT: MAXIMUM DEPTH FROM THE TOP OF THE
RUT

Record a three-digit code indicating the maximum depth of the longest rut on the subplot. The
depth should be measured from the top of the rut. If individual lug impressions are visible,
measure to the “top” of the lug impression. Measure the depth in inches.

When Collected:

Field Width: 3 digits
Tolerance:

MQO:

Values: 000 to 999 inches

11.6.3.7N-WisCFlI LONGEST RUT ON SUBPLOT: EXTENSIONOF RUT BEYOND SUBPLOT

Record a one-digit code indicating whether the longest rut extends beyond the subplot..

SOILS 11



Wisconsin State Forests Continuous Forest Inventory
Field Guide version 2.0
October, 2007

When Collected:
Field Width: 1 digit
Tolerance:
MQO:
Values:
1 Yes (Rut extends beyond subplot)
0 No (Rut does not extend beyond subplot)

11.6.3.8N-WisCFI LONGEST RUT ON SUBPLOT: TYPE OF INFRASTRUCTURE
Record a one-digit code indicating on what part of the infrastructure the rut occurred.

When Collected:
Field Width: 1 digit

Tolerance:
MQO:
Values:
0 Absent
1 Road
2 Landing
3 Primary Skid Trail (3 or more passes of equipment)
4 Secondary Skid Trail (1 or 2 passes of equipment)
5 General Harvest Area
6 Multiple Areas
7 Recreational Trail/Other (explain in plot notes)
11.6.3.9N-WisCFI LOCATION OF LONGEST RUT ON SUBPLOT: LOCATION

Record a one-digit code indicating where the rut occurred.

When Collected:

Field Width: 1 digit

Tolerance:

MQO:

Values:
0 Absent
1 Upland Area (outside of RMZ)
2 Wetland Area (outside of RMZ)
3 Riparian Management Zone (within 100 feet of lakes and perennial streams or within
35 feet of intermittent streams)
4 Multiple Areas

11.6.3.10N-WisCFI LONGEST RUT ON SUBPLOT: SLOPE ORIENTATION
Record a one-digit code indicating the orientation of the slope where the rut occurred.

When Collected:
Field Width: 1 digit
Tolerance:
MQO:
Values:
0 Absent
1 Rut runs up/down the slope
2 Ruts runs across the slope
3 Ruts is on a flat area (slope equals 5% or less)
4 Multiple Areas
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11.6.3.11N-WisCFI LONGEST RUT ON SUBPLOT: ACTIVE EROSION

Record a one-digit code indicating whether there is active erosion occurring at the rut.

When Collected:
Field Width: 1 digit
Tolerance:
MQO:
Values:
1 Yes (There is active erosion occurring.)
0 No (There is not active erosion occurring.)

11.6.3.12N-WisCFI LONGEST RUT ON SUBPLOT: ALTERED DRAINAGE

Record a one-digit code indicating whether the drainage patterns were altered as a result of the
rut.

When Collected:
Field Width: 1 digit
Tolerance:
MQO:
Values:
1 Yes (The drainage was altered.)
0 No (The drainage was not altered.)

11.6.3.13N-WisCFI LONGEST RUT ON SUBPLOT: CAUSE

Record a one-digit code indicating the apparent cause of the rut.

When Collected:
Field Width: 1 digit
Tolerance:
MQO:
Values:
0 Absent
1 Harvesting equipment
2 ATVs or other off-road vehicles
3 Undetermined cause
4 Multiple causes

11.6.3.14N-WisCFI LONGEST RUT ON SUBPLOT: AGE

11.6.4

Record a one-digit code indicating the approximate age of the rut.

When Collected:
Field Width: 1 digit

Tolerance:
MQO:
Values:
0 Absent
1 Less than 1 week
2 Less than 1 month
3 Less than 3 months
4 More than 3 months
5 Undetermined age
TYPE OF COMPACTION — COMPACTED TRAIL

Type of compaction is a compacted trail (usually the result of many passes of heavy machinery,
vehicles, or large animals). Record a “1” if this type of compaction is present; record a “0” if it is
not present.
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When Collected: When PERCENT COMPACTED AREA ON THE SUBPLOT > 00
Field Width: 1 digit
Tolerance: No errors
MQO: 75% of the time
Values:
1 Present
0 Not present

TYPE OF COMPACTION — COMPACTED AREA

Type of compaction is a compacted area. Examples include the junction areas of skid trails,
landing areas, work areas, animal bedding areas, heavily grazed areas, etc. Record a “1” if this
type of compaction is present; record a “0” if it is not present.

When Collected: When PERCENT COMPACTED AREA ON THE SUBPLOT > 00
Field Width: 1 digit
Tolerance: No errors
MQO: 75% of the time
Values:
1 Present
0 Not present

TYPE OF COMPACTION — OTHER
Type of compaction is some other form. Record a “1” if this type of compaction is present; record
a “0” if it is not present. (An explanation must be entered in the plot notes).

When Collected: When PERCENT COMPACTED AREA ON THE SUBPLOT > 00
Field Width: 1 digit
Tolerance: No errors
MQO: 75% of the time
Values:
1 Present
0 Not present

SOIL SAMPLE COLLECTION

The chemical and physical properties of the soil are assessed through the collection of soil
samples. Soil samples are collected from the underlying mineral soil layers (subplot 2). Mineral
and organic soils are sampled by collecting from two depths: 0 to 4 inches and 4 to 8 inches. The
texture of each layer is estimated in the field and characterized as organic, loamy, clayey, sandy,
or coarse sandy.

Soil samples are collected along soil sampling line adjacent to subplot 2 (Figure 11-1). During
the first visit to a plot for soil sampling, soil samples will be collected at the point denoted as Sail
Visit #1. On subsequent visits to a plot, soil sampling sites visit #2 or larger will be sampled. The
soil sampling sites are spaced at 10-foot intervals alternating on opposite sides of soil sampling
site number 1.

The initial sampling point (Soil Visit #1) is located:

e Subplot 2 soil measurement site: 30 feet due south (180°) from the center of subplot 2.

If the soil cannot be sampled at the designated sampling point due to trampling or an obstruction
(e.g., boulder, tree, standing water), the sampling point may be relocated to any location within a
radius of 5 feet.
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Soil Visit Number

FHHTH 94%312468
-

10 ft. (3.05 m)

Figure 11-1. Location of soil sampling site

11.7.3 Mineral Soil
Two mineral soil samples 0-4 inch and 4-8 inch are collected from the soil sampling site adjacent
to subplot 2 only, and are collected if, and only if, the soil sampling site is forested (Figure 11-2).

11.7.4 Regulations Governing Sample Collection (National Historic Preservation Act)
The National Historic Preservation Act of 1966 (as amended) provides for the protection of
historical and cultural artifacts. Due to the random placement of the Phase 3 monitoring
design, a possibility exists that a Phase 3 plot may be located on a site of prehistoric or
historical significance.

If cultural artifacts are encountered on a Phase 3 plot, do not take soil samples. Code the site as
not sampled on the PDR and record a plot note explaining why soil samples were not taken.

If needed, archeologists or cultural resource specialists in these land management agencies will
assist in obtaining permission to sample. Assistance is also available from State Historic
Preservation Programs for state and private lands.

11.7.8 SUBPLOT NUMBER
Record the number of the location where the soil sample is being attempted
When Collected: All soil sample locations
Field Width: 1 digit
Tolerance: No errors
MQO: At least 99% of the time
Values: 2

11.7.9 VISIT NUMBER
Record the number of the location where the soil sample is being attempted (Figure 11-1)
When Collected: All soil sample locations

Field Width: 1 digit
Tolerance: No errors
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MQO: At least 99% of the time
Values: 110 9

11.7.10 SOIL SAMPLE STATUS
Record whether or not a forest floor or mineral soil sample is being collected at the soil sampling
location. For both forest floor and mineral samples, it is the condition of the soil sampling sites in
the annular plot that determines whether soil samples are collected. Samples are collected if, and
only if, the soil sampling site is in a forested condition. In rare instances, the soil sampling site
may occur in a forested condition that has not been sampled on the subplots. If this is the case,
then use SOIL SAMPLE STATUS code 11 to indicate that a sample has been collected for a
forest condition that is not otherwise represented on the plot.

When Collected: All soil sample Field Width: 2 digits
Tolerance: No errors

MQO: At least 99% of the time

Values:

01 Sampled: forest that has been identified as a condition on the plot
02 Not sampled: non-forest

The following are for forest conditions:

03 Not sampled: too rocky to sample

04 Not sampled: water or boggy

05 Not sampled: access denied

06 Not sampled: too dangerous to sample

07 Not sampled: obstruction in sampling area

08 Not sampled: broken or lost equipment

09 Not sampled: other - enter reason in plot notes

11 Sampled: forest that has NOT been identified as a condition on the plot
11.7.11 CONDITION CLASS NUMBER
Record the forested CONDITION CLASS NUMBER that best represents the condition from which
the soil sample is being taken. If the condition class for the soil sample is different from any
recorded on the 4 subplots, (or macroplots, if used), enter the CONDITION CLASS NUMBER for
the most similar forest condition sampled on the plot.

When Collected: Soil sample locations that are being sampled (SOIL SAMPLE STATUS =1 or
11)

Field Width: 1 digit

Tolerance: No errors

MQO: At least 95% of the time

Values: 110 9

11.7.21 SOIL TEXTURE IN THE 0-4 INCH LAYER
Record the code for the soil texture of the 0-4 inch layer. To estimate texture in the field, collect a
sample of the soil from the appropriate horizon and moisten it with water to the consistency of
modeling clay/wet newspaper; the sample should be wet enough that all of the particles are
saturated but excess water does not freely flow from the sample when squeezed. Attempt to roll
the sample into a ball. If the soil will not stay in a ball and has a grainy texture, the texture is
either sandy or coarse sandy. If the soil does form a ball, squeeze the sample between your
fingers and attempt to form a self-supporting ribbon. Samples which form both a ball and a
ribbon should be coded as clayey; samples which form a ball but not a ribbon should be coded as
loamy.

When Collected: SOIL SAMPLE STATUS =1 and SUBPLOT NUMBER = 2
Field Width: 1 digit
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Tolerance: +/- 1 class
MQO: 80% of the time

Values:

OhrhWN-O0O

Organic

Loamy

Clayey

Sandy

Coarse Sand

Not measured — make plot note

11.7.22 SOIL TEXTURE IN THE 4-8 INCH LAYER
Record the code for the soil texture of the 4-8 inch layer (see the directions for SOIL TEXTURE
IN THE 0-4 INCH LAYER).

When Collected: SOIL SAMPLE STATUS =1 and SUBPLOT NUMBER =2
Field Width: 1 digit

Tolerance: +/- 1 class

MQO: 80% of the time

Values:

11.7.23N-WisCFl

Ohr~hwWN-O0O

Organic

Loamy

Clayey

Sandy

Coarse Sand

Not measured — make plot note

SOIL COMPACTION — North

Record the soil compaction (in psi) at a depth of 9 inches using a soil compaction meter, tester or

penetrometer.

When Collected:

Field Width: 3 digits
Tolerance: +/- 1 class
MQO: 80% of the time

Values:
000
100
200
300
999

11.7.24N-WisCFlI

Reading between 0 to 50
Reading between 51 to 150
Reading between 151 to 250
Reading over 251

Not measured, make plot note

SOIL COMPACTION — East

Record the soil compaction (in psi) at a depth of 9 inches using a soil compaction meter, tester or

penetrometer.

When Collected:

Field Width: 3 digits
Tolerance: +/- 1 class
MQO: 80% of the time

Values:
000
100
200
300
999

Reading between 0 to 50
Reading between 51 to 150
Reading between 151 to 250
Reading over 251

Not measured, make plot note
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SOIL COMPACTION — South

Record the soil compaction (in psi) at a depth of 9 inches using a soil compaction meter, tester or

penetrometer.

When Collected:

Field Width: 3 digits
Tolerance: +/- 1 class
MQO: 80% of the time

Values:
000
100
200
300
999

11.7.26N-WisCFlI

Reading between 0 to 50
Reading between 51 to 150
Reading between 151 to 250
Reading over 251

Not measured, make plot note

SOIL COMPACTION — West

Record the soil compaction (in psi) at a depth of 9 inches using a soil compaction meter, tester or

penetrometer.

When Collected:

Field Width: 3 digits
Tolerance: +/- 1 class
MQO: 80% of the time

Values:
000
100
200
300
999

Reading between 0 to 50
Reading between 51 to 150
Reading between 151 to 250
Reading over 251

Not measured, make plot note
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