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Digest:  

Chapter 2 – Defines criteria for measuring detrimental disturbances and adds specific definitions for soil quality management. Updates direction for maintaining Long Term Soil Productivity.

2.05 – Definitions

These definitions are supplemental to those in the parent text.

Activity Area.  An area impacted by a land management activity, excluding specified transportation facilities, dedicated trails, and mining excavations and dumps.  Activity areas include such areas as: harvest units within timber sale areas and prescribed burn areas.  Riparian and other environmentally sensitive areas may be monitored and evaluated as individual activity areas within larger management areas.  It is recommended to describe the Activity Area for soil resources within planning and project implementation documents.

Bulk Density.  Soil bulk density is the mass (oven dry weight) of fine earth 

(particles < 2 mm) per volume of moist (10 kPa) fine earth.

Erosion.  Erosion is the detachment and transport of individual soil particles, or aggregates of particles, by wind, water, or gravity.  Management practices may increase the hazard of soil erosion when ground cover is removed and soil particles are detached.

a.  Surface or particulate erosion occurs as the loss of soil by gravity (dry ravel), by wind, or by gravity and water, both raindrop splash and overland flow (rill and/or sheet erosion).

b.  Mass wasting occurs when large masses of soil and/or rock fall, slide, or flow down a slope.

Effective Ground Cover.  Effective Ground cover consists of vegetation, litter and rock fragments larger than three-fourths inch in diameter.  Effective Ground Cover is expressed as the percentage of material, other than bare ground, covering the land surface and includes live vegetation, dead vegetation, litter, cobble, gravel, stones and bedrock.  It may include management-induced materials.

Coarse Woody Debris.  Organic materials such as plant stems, branches, and logs with a diameter greater than three inches.  Included are both natural materials and management induced post-harvest slash.

Detrimental Soil Disturbance.  Detrimentally disturbed soil is soil that has been detrimentally displaced, compacted, puddled, or severely burned.

Litter.  The surface layer (O-horizon) of fresh and decomposed plant remains, mainly leaves and twigs (branches less than three inches in diameter).  Decomposed plant material (Oe and Oa horizon) is sometimes called "duff".

Porosity.  Soil porosity is the volume of voids per total volume.  Total porosity (P) is related to bulk density (Db) and the specific gravity of solid particles (Ds) by the equation          P = (1-Db/Ds).  The specific gravity of soil mineral particles is generally about 2.65 and that of soil organic matter is about 1.4.  2.2 - Exhibit 02 shows bulk density increases corresponding to a 10 percent decrease in soil porosity.

Soil Conservation Practices.  Soil conservation practices are mechanisms used to protect soil quality while managing for resource goals and objectives.  They can be administrative, preventive or corrective measures.  They are identified during project planning and design.  The R1/R4 FSH 2509.22, Soil and Water Conservation Practices Handbook contains a process for developing specific conservation practices for use on National Forests and Grasslands.

Soil Displacement.  Soil displacement is the movement of soil from one place to another by erosive or mechanical forces.

Soil-loss Tolerance.  Soil-loss tolerance is the maximum rate of annual soil erosion at which plant productivity can be sustained indefinitely.  It is dependent on the rate of soil formation and type of vegetation being managed.

Soil Productivity.  Soil Productivity includes the inherent capacity of a soil under management to support the growth of specified plants, plant communities, or a sequence of plant communities.  Soil productivity may be expressed in terms of volume or weight/unit area/year, percent plant cover, or other measures of biomass accumulation.

Subsoiling.  Subsoiling is any treatment to loosen a compacted soil without inversion and with a minimum mixing of the soil.  This loosening is usually achieved by the lifting action of soil dry enough so that shattering occurs, but not so dry as to form large clods.

2.11 - Implementation Monitoring

Implementation Monitoring evaluates whether soil conservation practices, mitigation measures, and management requirements were implemented as prescribed.  The monitoring also identifies needed changes to management direction.  Document the results of implementation monitoring and file with project plans.  Implementation monitoring should be a part of regular management procedures on all projects.

Project administration personnel must be adequately trained in applying and monitoring conservation practices and understands the purpose of soil conservation practices used and how they help meet standards.  Soil scientists or others knowledgeable in soil productivity should conduct workshops on a regular basis for District personnel to discuss the interrelationships of soil quality and management activities.  Local researchers should be involved in these workshops whenever possible.

2.12 - Effectiveness Monitoring

Effectiveness monitoring measures whether soil conservation practices, mitigation measures, and management requirements have effectively limited detrimental changes in soil properties.  Effectiveness monitoring can be designed to evaluate both the beneficial effects of management activities, and detrimental changes.  It is not practical to monitor effectiveness on all projects.  Monitor a sample of representative projects and extrapolate results for similar projects or management situations.  Representative projects should have similar soils, landscapes, management practices, and vegetation.  The goal is to collect information form representative projects that provide high quality, reliable data that can be extrapolated to future project analyses.

Issues and concerns are the most important criteria for selecting representative projects, such as unknown or questionable effectiveness of practices applied to sensitive areas.  An example might be the use of a previously untried machine to move logs on a soil sensitive to compaction.

Soil scientists should work with resource specialists to develop practices that minimize the areal extent of detrimental soil effects resulting from management activities.

Effectiveness monitoring of soil conservation practices requires determining the areal extent of detrimental changes in soil properties (sec. 2.4).

Forests should share monitoring data and experiences with the Regional Soil and Water staff and with nearby Forests to improve efficiency and continuity.  Effectiveness monitoring documentation shall include:

1.  Summary of results.

2.  Comparison of the s results with previous results.

3.  Evaluation of the effectiveness of soil conservation practices, mitigation measures, and management requirements used.

4.  Evaluation and recommendation of needed changes to soil conservation practices, mitigation measures, and management requirements.

5.  Recommendations for monitoring techniques changes.

Review monitoring results on-site with key district people.

2.13 - Validation Monitoring

Validation monitoring answers the question "Are standards and guidelines appropriate for meeting Forest Plan objectives?"  For soil productivity, the question is "Did compliance with standards and guidelines provide enough soil protection to assure the maintenance of long-term soil productivity?"  The relationships between management induced changes in soil properties and productivity are not well documented or understood.  Improving our understanding of these relationships requires data intensive techniques, such as permanent growth and yield plots.  These kinds of studies are a function of Research.  The contribution of the National Forest System to validation monitoring of soil productivity is in support to Research projects.  Soil quality standards and guidelines may be revised if validation monitoring indicates that adjustments are necessary.

Soil quality research results are distributed to National Forest System personnel mostly by publication.  Research sponsored workshops and field days for National Forest System personnel are held to help incorporate research results into management prescriptions.

2.2 - SOIL QUALITY STANDARDS

1.  Soil Quality Standard.  Soil resource management must be consistent with the Forest Service goal of maintaining or improving long-term soil productivity (NFMA) and soil hydrologic function.

2.  Soil Quality Guidelines.  Soil quality guidelines provide for the maintenance of soil properties that affect soil productivity and hydrologic function.  Management activities can damage soils by compaction, puddling, displacement, severe burning, organic matter loss, accelerated surface erosion, or mass movement.  Soil damage is detrimental when it adversely affects hydrologic function or results in long-term site productivity losses.

Soil Quality Guidelines set the limits of disturbance, or thresholds, beyond which there will be long-term losses in inherent soil productivity or hydrologic function.  Detectable losses of soil productivity and soil hydrologic function will occur if disturbances exceed the guidelines.  The guidelines represent the upper limit of allowable disturbances.  The management goal should be to cause as little disturbance as possible.  The effects of management practices on compaction, puddling, organic matter loss, erosion, and displacement may be cumulative over time.  Existing, predicted, and cumulative levels of soil disturbance are used together to determine that guidelines are being met.  Guidelines are assessed by Activity Area, which is specifically described for each management activity.

Soil properties that are easy to quantify may be used as surrogates to determine effects on soil fertility and structure.  These properties include organic matter (both within and on the soil), soil porosity, and soil strength.  These soil properties are maintained by the application of guidelines for soil displacement, soil compaction, soil puddling, severely burned soils, ground cover, and aboveground organic matter.  Ground cover is a guideline because it protects soil from accelerated erosion.  Displacement of humus-rich surface soil is a substitute for soil organic matter content.  The guidelines used as indicators of soil quality and as measures of conformance to soil quality standards are given below.

a.  Detrimental Soil Disturbance.  No more than 15 percent of an activity area should have detrimentally disturbed soil after the completion of all management activities.   In other words, at least 85 percent of an activity area should be in a non-detrimentally disturbed condition.  Some examples of management options limiting the effects of soil disturbance and mitigation measures are listed in exhibit 03.

(1)  Detrimental Soil Displacement.  Detrimental soil displacement includes areas where 1 meter by 1 meter or larger exhibits detrimentally displaced soil as described below:

(a)  The loss of either 5 cm or ½ of humus enriched top soil (A horizon), whichever is less, or

(b)  The exceeding of the soil loss tolerance value for the specific soil type.

(2)  Detrimental Soil Compaction.  Soil Compaction is generally evaluated from 5 to 30 centimeters below the mineral soil surface.  Specific depths for measurement are dependent upon soil type and management activities.  Detrimental Soil Compaction is increased soil density (weight per unit volume) and strength that restricts root growth, reduces soil aeration and inhibits water movement.  Measurements of potential detrimental soil compaction may be qualitative or quantitative.  The following table provides a set of indicators that can be used to measure detrimental compaction.  The methods to measure the indicator, measurement standard, and reliability of the indicator are included in the table.  Any of the indicators in Table Compaction 1 or other appropriate indicators identified for the activity area may be used to determine detrimental soil compaction.  Document reasons for selecting an indicator(s) for measuring detrimental soil compaction.

2.2 – Exhibit 01

Table Compaction 1.  Indicators and Methods for Measuring Detrimental Soil Compaction

	Indicator
	Measure
	Measurement Standard
	Reliability

	Soil structure change 
	Calibrated ocular examination of soil layers 
	Evidence of change to platy structure or lack of structure (massive) from granular, blocky or sub-angular blocky structure 
	Moderate – can be described but not quantified - observations should be calibrated with bulk density readings

	Soil strength
	Calibrated shovel penetration resistance
	Shovel penetration is difficult relative to pre-disturbance levels 
	Moderate – difficult to quantify except indirectly by calibration with bulk density and or penetrometer readings; can be combined easily with ocular exam for induced platy structure

	Soil strength
	Calibrated penetrometer readings
	A reading increase over pre-disturbance levels that correlates to the measurement standards for soil structure change, shovel penetration resistance and or bulk density increase.  This value must be adjusted for soil moisture conditions at the time of sampling.
	High – consistent quantitative measurements in relatively rock free soils

	Bulk density 
	Soil samples and lab analysis– sampling methods vary by soil characteristics
	Significant change in the distribution of Bulk Density of the activity area soils from undisturbed or similar undisturbed soil types.
	High – consistent quantitative measurements; can also be correlated with soil strength

	Bulk density 
	Soil samples – sampling methods vary by soil characteristics
	Threshold values by soil texture are used to determine Detrimental soil disturbance.  Threshold values are those where significant root limiting, and infiltration reduction conditions exists.  Threshold values are shown in Table Compaction 2


	High – consistent quantitative measurements; can also be correlated with soil strength


2.2 – Exhibit 02

Table Compaction 2.  Threshold Bulk Density Values by Texture (USDA NRCS, Soil Quality Information, Compaction 1996)

	Soil Texture
	Threshold Root Restricting Bulk Density (g/cc)

	Coarse, medium, and fine sand and loamy sands other than loamy very fine sand
	1.80

	Very fine sand, loamy very fine sand
	1.77

	Sandy loams
	1.75

	Loam, sandy clay loam
	1.70

	Clay loam
	1.65

	Sandy clay
	1.60

	Silt, silt loam
	1.55

	Silty clay loam
	1.50

	Silty clay
	1.45

	Clay
	1.40


(3)  Detrimental Soil Puddling.  Detrimental Puddling is generally evaluated at the mineral soil surface.  Visual indicators of detrimental puddling include clearly identifiable ruts with berms in mineral soil, or in an Oa horizon of an organic soil.  Detrimental puddling may occur in conjunction with detrimental compaction.  The guidelines for soil compaction (item (2) above) are to be used when this occurs.  Detrimentally puddled soils are not always detrimentally compacted.  Infiltration and permeability are affected by detrimental soil puddling.  Puddling can also alter local groundwater hydrology and wetland function, and provide conduits for runoff.  Forests are encouraged to develop infiltration and/or permeability guidelines that relate to detrimental puddling.

(4)  Severely Burned Soil (sec. 2.05).  The severely burned soil guideline applies to prescribed fire and natural fires that are managed for resource benefits.  Severely burned soils are identified by ratings of fire severity and the effects to the soil.  A severely burned soil is generally soil that is within a High Fire Severity burn as defined by the Forest Service Burned Area Emergency Rehabilitation Program (FSH 2509.13) and Debano et. Al. 1998.  Develop a high fire severity rating for each fire activity area as local soils and vegetation types respond differently to the effects of fire.  An example of a high fire severity rating is provided as exhibit 04.  Soil humus losses, structural changes, hydrophobic characteristics and sterilization are potential effects of severely burned soil.

b.  Effective Ground Cover.  The minimum effective ground cover, following the cessation of disturbance in an activity area, should be sufficient to prevent detrimental erosion.  Detrimental erosion includes erosion rates that cause long-term productivity losses from an activity area or soil losses that are beyond those acceptable for the activity area.  Minimum amounts of ground cover necessary to protect a soil from erosion are a function of soil properties, slope gradient and length, and erosivity (precipitation factor) and must be determined locally.  Rock fragments, litter, and canopy might be treated independently, depending on the model utilized to estimate erosion hazard ratings.

All Forests and Grasslands should establish local minimum effective ground cover guidelines to assure that detrimental erosion will not occur.

c.  Above-ground Organic Matter.  Some litter or large woody debris may be required to retain nutrients and microorganisms necessary to supply and cycle nutrients needed to maintain site productivity on forest and rangelands.  The aboveground organic matter also provides for on-site moisture retention.

(1)  Litter.  Forests and Grasslands must develop local guidelines for litter retention based on factors such as soil and vegetation types.

(2)  Coarse Woody Debris.  The minimum amount of large woody debris required to maintain nutrient and moisture supplies adequate to sustain site productivity varies by ecological type.  Coarse Woody Debris guidelines apply to ecological types that are capable of producing forested and woodland ecosystems.  Guidelines for these minimum amounts are ascertained through research studies or developed by forests based upon local factors such as soil potential and vegetation types.  Studies that are available to assist in determining minimum amount of Coarse Woody Debris include A.E. Harvey et al. 1987 and Russ Graham 1994.

3.  Application of Soil Quality Standards and Guidelines.  Use soil quality standards and guidelines during project planning to guide the selection and design of management activities.  Plans for project activities in areas that have already been impacted by previous management should consider cumulative effects to anticipate soil damage.  Plans for projects where activities are expected to cause damages that do not meet soil quality standards or guidelines must include provisions for mitigation of the damage.  Some options for avoiding, reducing, and mitigating project activities are listed in exhibit 03.

2.2 - Exhibit 03

OPTIONS FOR MEETING SOIL QUALITY STANDARDS

	Soil Property

or Condition
	Avoid or Reduce Effects
	Mitigate Effects

	
	
	

	Soil

Displacement
	Limit ground operations,

Use areal equipment,

Restrict type of equipment, 

Train equipment operators
	Redistribute humus-

enriched soil

	
	
	

	Soil Compaction
	Operate over deep snow or frozen ground, 

Avoid operations on wet soils near field capacity, 

Operate over slash,

Limit amount of traffic off of

dedicated roads and trails,

Restrict size and type of

equipment,

Restrict vehicle traffic to

dedicated roads and trails,

Use areal equipment
	Subsoiling through

depth of compaction

	
	
	

	Soil Puddling
	Avoid operations on soils 

with moisture above

field capacity
	Surface tillage

	
	
	

	Ground Cover
	Limit cover removal
	Redistribute cover

Mulch Plant Seed

	
	
	

	Above-ground

Organic Matter
	Limit organic matter removal,

Retain large woody debris

matter
	Redistribute organic

Import coarse

woody debris

Mulch


2.2 - Exhibit 04

Example of High Fire Severity Rating

High soil heating, or deep ground char occurs where the duff is completely consumed and the top of the mineral soil is visibly reddish or orange on severely burned sites.  Color of the soil below 1 cm is darker or charred from organic material that has heated or burned.  The char layer can extend to a depth of 10 cm or more.  Logs can be consumed or deeply charred, and deep ground char can occur under slash concentrations or under burned logs.  Soil textures in the surface layers is changed and fusion evidenced by clinkers can be observed locally.  All shrub stems are consumed and only the charred remains or large stubs may be visible.  Soil temperatures at 1 cm are greater than 250 C.  Lethal temperatures for soil organisms occur down to depths of 9 to 16 cm.

2.4 - MONITORING METHODS

Activity areas may be sampled by one or both of two strategies: (1) an entire activity area may be sampled at grid points or along line transects or (2) activity areas, or soil delineations within activity areas, may be stratified by management impact and sampled to determine differences between impact areas.  Disturbance can simply be categorized as either within or exceeding guidelines (for example, detrimental displacement) or it can be quantified by classes (for example, soil strength by tile spade) or by continuous variables (for example, soil porosity).

2.41 - Areal Extent Sampling

Unstratified sampling (strategy 1) is most appropriate for sampling soil displacement, soil puddling, and qualitative estimation of soil compaction.  The data record for each point or line segment is simply whether the impact is or is not detrimental according to the guidelines.  The measurement of detrimental disturbances is to be counted only once on an areal extent.  For example, if the same area on the ground is found to be both detrimentally compacted and detrimentally displaced, the areal extent is only counted once.

Stratified sampling (strategy 2) has the advantage that disturbance within each of the strata can be characterized more efficiently with less sampling than would be necessary without stratification.  It is most appropriate for sampling bulk density (or porosity) and soil strength where they are measured as continuous variables.  The significance of differences between strata can be determined by Student's t-test where there are only two strata (disturbed and undisturbed) or by analysis of variance where there are more than two strata.

1.  Determine Sample Size.  Where the precision is crucial, preliminary sampling allows computation of the required number of samples utilizing Student's t distribution.  Exhibit 03 explains the application of statistics.

2.  Sample Design.  Monitoring data are obtained either by sampling at points or by measuring lengths of disturbance or impact along randomly selected lines or on grids.  Step-point sampling is generally adequate.  Soil type and land use or disturbance strata may be sampled independently to improve precision.

2.41 - Exhibit 03

COEFFICIENT OF VARIATION AND

NUMBERS OF SAMPLES REQUIRED TO ESTIMATE MEANS

The coefficient of variation (CV) is an estimate of variability in a sample population,

CV = 100 s/X
(1)

it is the standard deviation (s) as a percentage of the mean (X) (Webster and Oliver, 1990).

The number of samples required to estimate a population mean with a desired precision is generally determined by applying Student's t distribution. 

n =  CV2 t2/D2
(2)

where D is the desired precision in percent.

Utilizing Equation 2, follow these steps to calculate the number of samples required to estimate a population mean:

(1) Determine the CV.  It can be determined from a relatively small number (6 to 30) of samples in the target population, or in a similar population, using Equation 1.

(2) Decide upon the desired precision, D.  For example, if the mean bulk density is near 1.0 g/cm3 and it is desired to know it to the nearest 0.1 g/cm3, that is +0.05 g/cm3 or +5% and    D = 5.

(3) Decide upon a desired confidence limit and look up t in a table of t distributions.  If it is desired that the mean be estimated within +D of the population mean with 95% confidence, then the appropriate valve of t is 1.960 (alpha=0.05).  Other values of t, for 90 and 80% confidence are 1.645 (alpha=0.1) and 1.282 (alpha=0.2).

For convenience in calculating n from Eq. 2, I have compiled values of t2/D2 for different levels of precision and confidence (Table 1).  Once a CV is determined, a desired precision and an appropriate confidence level are chosen.  Then a number is read from Table 1 and multiplied by the square of the CV to obtain the number of samples required to estimate the mean.  For example, assume that one desires to estimate the mean of a soil property which has a CV of 18% with 95% confidence that the mean will be within +10% of the population mean.  Then the required number of samples is n = 0.038 (18)2 = 12.3, or essentially 12 samples.

Note: read + as plus or minus, and X as X-bar.

2.41 - Exhibit 01--Continued

COEFFICIENT OF VARIATION AND

NUMBERS OF SAMPLES REQUIRED TO ESTIMATE MEANS

Table 1. Values of t2/D2 in Eq. 2 for determining the number of samples required to estimate a population mean within +5, +10, or +20%.

	Allowable
	Confidence Level

	Error
	80%
	90%
	95%
	98%
	99%

	
	
	
	
	
	

	 5%
	0.066
	0.108
	0.154
	0.216
	0.265

	10
	0.016
	0.027
	0.038
	0.054
	0.066

	20
	0.004
	0.007
	0.010
	0.014
	0.017


Soil Variability and CVs

Wilding and Drees (1983), in a review of soil variability, listed some soil properties in 3 classes of variability within landscape units of one to a few hectares.  Color value and hue, pH, A-horizon thickness, and the plastic limit were in the class with least variable properties.  Sand content, clay content, CEC, base saturation, soil structure, and the liquid limit were in the moderate class with CVs from 15 to 25%.  Color chroma, exchangeable Ca, Mg, and K, organic matter content, and the plasticity index were in the class with most variable properties.  CVs for both surface and subsoil bulk densities are on the order of 10 to 15% (Alexander and Poff, 1985).  The CVs, however, will not always be similar in different landscapes.  Therefore, it is best to get your own preliminary data in the target area or in a similar landscape with similar soils.
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2.42 - Soil Sampling Techniques

All of the soil quality guidelines may be monitored, to some extent, by specific measurements and visually.  Sampling techniques are discussed in Soil Quality Monitoring Methods, Draft 7/89, Intermountain Region, USDA Forest Service.  "Soil disturbance-tree growth relations in central Idaho clearcuts", J. Clayton, 1987, USDA Forest Service, Res. Note INT-372, and in "Soil Disturbance and Compaction in Wildland Management", E. Alexander and R. Poff, 1985, Earth Resources Monograph 8, Pacific Southwest Region, USDA Forest Service.
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