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               CHAPTER 2 - SOIL QUALITY MONITORING








Soil quality monitoring is a systematic process by which data are 


collected to determine if soil management objectives have been 


achieved.  Monitoring provides information to assist land 


managers in making better decisions on how to maintain or improve 


long-term soil productivity.  The direction in this Handbook 


conforms with FSM 1922.6, which provides overall direction for 


monitoring and evaluation within the Forest planning process.  


Additional direction on soil quality monitoring is in FSM 2554.





2.02 - OBJECTIVES.





    1.  To maintain or improve the inherent long-term soil 


productivity.





    2.  To develop soil quality standards for soil disturbances.





    3.  To develop and implement soil quality monitoring plans.





2.03 - POLICY.  Design and implement management practices to 


maintain or improve the long-term inherent productive capacity of 


the soil resource.  Plan and conduct soil quality monitoring to 


determine if soil management goals, objectives, and standards as 


outlined in Forest plans are being achieved.  Use the results of 


monitoring to evaluate resource management actions and recommend 


adjustments to practices or mitigation measures to prevent 


significant impairment of long-term soil productivity.





2.04 - RESPONSIBILITY.





2.04a - Regional Foresters.  In addition to responsibilities in 


FSM 2525.04, Regional Foresters shall:





    1.  Review a sampling of Forest soil quality monitoring 


proposals for effectiveness monitoring and validation monitoring 


to avoid duplication between Forests and ensure technical 


adequacy.





    2.  Review Forests' soil quality monitoring results for 


application to other areas.





    3.  Develop Regional soil quality standards.


    4.  Select suitable methods for monitoring soil disturbances.





2.04b - Forest Supervisors.  In addition to responsibilities 


listed in FSM 2525.04, Forest Supervisors shall:





    1.  Ensure that management practices and prescriptions are 


applied to maintain inherent long-term soil productivity.





    2.  Approve soil quality monitoring plans within the context 


of Forest Plan monitoring requirements.





2.04c - District Rangers.  Each District Ranger shall ensure that 


implementation monitoring is conducted and documented.





2.04d - Soil Scientists.  Soil Scientists should:





    1.  Conduct or supervise effectiveness and validation 


monitoring.





    2.  Report monitoring results and recommend changes in 


management practices and prescriptions.





    3.  Coordinate validation monitoring projects with Research 


units.





    4.  Participate in interdisciplinary team efforts to evaluate 


management practices, management objectives or standards and 


guidelines.





    5.  Monitor and evaluate the effects from multiple activities 


on a common area, including the combined results of various soil 


conditions and properties on long-term soil productivity.





2.05 - DEFINITIONS.





    1.  Soil productivity is the inherent capacity of a soil 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.





    2.  Significant changes in productivity of the land are 


indicated by changes in soil properties that are expected to 


result in a reduced productive capacity over the planning 


horizon.  Based on available research and current technology, a 


guideline of 15 percent reduction in inherent soil productivity 


potential will be used as a basis for setting threshold values 


for measurable or observable soil properties or conditions.  The 


threshold values, along with areal extent limits, will serve as 


an early warning signal of reduced productive capacity.  A 


morestringent basis than 15 percent can be used where appropriate 


and documented.  The allowable areal extent of significantly 


changed soil is to be established as part of soil quality 


standards.





    3.  Significant impairment of the productivity of the land 


include changes in soil properties which would result in 


significant changes in the inherent productive capacity that last 


beyond the planning horizon.





    4.  Soil compaction is a physical change in soil properties 


that results in a decrease in porosity and an increase in soil 


bulk density and soil strength.





    5.  Soil puddling is a physical change in soil properties due 


to shearing forces that alters soil structure and porosity.  


Puddling occurs when the soil is at or near liquid limit.





    6.  Soil displacement is the movement of the forest floor 


(litter, duff and humus layers) and surface soil from one place 


to another by mechanical forces such as a blade used in piling or 


windrowing.  Mixing of surface soil layers by disking, chopping, 


or bedding operation, are not considered displacement.





    7.  Severely Burned soil is a condition where most woody 


debris and the entire Forest floor is consumed down to bare 


mineral soil.  Soil may have turned red due to extreme heat.  


Also, fine roots and organic matter are charred in the upper one-


half inch of mineral soil.





    8.  Surface Erosion is the detachment and transport of 


individual soil particles by wind, water, or gravity.


 


    9.  Detrimental Soil Disturbance.  The condition where 


established threshold values for soil properties are exceeded and 


result in significant change.  See definition number 2.





2.1 - TYPES OF SOIL QUALITY MONITORING.  Monitoring is separated 


into three distinct types or levels:  implementation, 


effectiveness, and validation monitoring (exhibit 01).  The 


evaluation process for monitoring soil quality results and the 


relationship of the three kinds of monitoring is displayed in 


exhibit 02.  For additional information, refer to FSH 1909.12, 


chapter 6 of the Land Management Planning Handbook.





                        2.1 - Exhibit 01





                  Examples of Monitoring Types





            2.1 - EXHIBIT 01 IS A SEPARATE DOCUMENT.


                        2.1 - Exhibit 02





                SEE PAPER COPY OF THE MASTER SET


                  FOR SECTION 2.1 - EXHIBIT 02.





2.11 - Implementation Monitoring.  Monitor to ensure prescribed 


soil management practices are implemented as designed.  Document 


a sampling of projects that have soil disturbing activities.  


Document through existing administrative processes.  (For 


example:  conducted by Timber Sale Administrator or Contracting 


Officer's Representative as part of compliance checks).  Use 


results to identify needs for training and technology transfer.





2.12 - Effectiveness Monitoring.  Monitor to determine the 


effectiveness of prescribed soil management practices.  Use 


results from effectiveness monitoring to adjust practices and 


refine management objectives.  Generally, effectiveness 


monitoring will be accomplished using sampling techniques and 


soil monitoring methods.





2.13 - Validation Monitoring.  Monitor to determine whether 


coefficients, requirements, standards, and guidelines are 


appropriate to maintain soil productivity.  This monitoring is 


generally data intensive using techniques like permanent plots 


and is coordinated with Research.  Data is used to establish base 


lines for soil properties to detect change over time and in 


setting threshold values.





2.2 - SOIL QUALITY STANDARDS.  Management activities cause 


varying degrees of soil disturbances, which may or may not cause 


a significant change in productivity.  Establish threshold values 


where soil disturbances become detrimental, that is, result in 


significant change.  Use research data, applicable models, and 


professional judgment.  Soil quality standards are intended for 


areas where management prescriptions are being applied, such as 


timber harvest areas and range allotments.  They are not intended 


to apply to administrative sites or other areas with dedicated 


uses.  Soil quality standards should be established in the Forest 


Plan, supplement to the Forest Service Manual, project plan or in 


supplements to this handbook.  Soil quality standards involve 


setting:  (a) threshold values of soil properties or conditions 


and, (b) allowable areal extent of detrimental soil disturbance.





    1.  Base threshold values on soil properties and soil 


conditions that are observable or measurable and that correspond 


to significant change.  When setting threshold values for soil 


properties or conditions, use the estimated 15 percent reduction 


in soil productivity potential as a guideline for determining 


when the change becomes detrimental or significant.  Monitor the 


threshold values of soil properties or soil conditions as part of 


effectiveness monitoring.  In some cases, long-term plots 


established with Research units will be needed to establish or 


validate the correlation between threshold values and significant 


change.  When changes in soil properties reflect an estimated 15 


percent or more reduction in productive capacity, a warning is 


indicated to adjust practices to prevent significant impairment.  


The 15 percent guideline is to be used with judgment.  A more 


stringent guideline can be used where appropriate.  See 


definition of significant change and significant impairment 


(section 2.05).





Use compaction, displacement, erosion, puddling, protective plant 


cover and burning, as applicable, to categorize soil 


disturbances.  Other disturbances associated with significant 


change may also be used.  See examples in exhibit 01.





    2.  Define the areal extent that detrimental soil conditions, 


which reflect significant change in productivity, may occur.








                        2.2 - Exhibit 01





               EXAMPLES OF SOIL QUALITY STANDARDS





                           SOIL DISTURBANCE THRESHOLDS1/








                                                					MEASURED SOIL


SOIL DISTURBANCE    	PROPERTIES                  		VISUAL EVIDENCE2/   





COMPACTION          		More than 15%                		Coarse platy 


                    			increase in bulk             			structure, difficulty


                    			density, or a 10%            		in digging,


                   			reduction in total           			horizontal roots.


                   			porosity.                    			Ruts without berms.





DISPLACEMENT        		Removal of the forest       		Soil in piles, 


                    			floor and more than 1"       		subsoil at surface.


                   			of the surface mineral


                   			layer. 





PUDDLING            		Macropore space              		Ruts with berms. 


                    			reduction of 50% or          		Spherical soil pores.


                   			 more.





EROSION             		Soil loss tolerance is       		Rills, pedestals,


                   			2T/A/yr. for deep soils,     		deposition, loss of


                   			and 1 T/A/yr. for            		cover.   


                    			shallow soils.





1/  The values and descriptions used in this table are examples 


and are not intended to be standards.





2/  Factors described under visual evidence do not necessarily 


relate to the values set for measured soil properties.  Use 


visual evidence to determine the need for measuring soil 


properties or for evaluations where precise measurements are not 


needed.





2.3 - SOIL QUALITY MONITORING PROJECTS AND PLANS.  Incorporate 


soil monitoring requirements within administrative processes 


established for Forest Plan and project implementation.  The 


primary focus of implementation monitoring is observation and 


documentation of the application of soil protection 


prescriptions.  Issues or concerns on the effectiveness of 


prescriptions to meet standards and guidelines, or the validation 


of standards and assumptions to protect soil productivity may 


require monitoring projects for resolution.





2.31 - Determining the Need for Monitoring Projects.  Conduct 


problem analyses on major soil productivity issues or concerns 


derived externally or from Forest Plans, implementation 


monitoring and project environmental assessments.  Use an 


interdisciplinary team to determine the need and desired 


intensity for effectiveness or validation monitoring projects.





    1.  Developing Problem Statements.  Prepare a clear, concise 


statement of the problem.  The problem statement is the basis for 


establishing project objectives.





    2.  Review Past Related Work.  Review available information 


from past monitoring projects as well as any applicable research 


literature.  In some instances, other individuals may have 


recognized similar problems, performed investigations, and 


provided tentative solutions.  Even if previous monitoring 


projects have been conducted in unrelated areas, they can often 


provide insights into possible sampling design and parameters to 


measure.





    3.  Documentation.  Document the need for soil quality 


monitoring projects in the Forest Plan or annual monitoring plan.





2.32 - Preparing Soil Quality Monitoring Plans.  Prepare plans 


for data intensive effectiveness and validation monitoring 


projects identified in the Forest Plan or annual monitoring plan.  


Identify sampling necessary for implementation monitoring in the 


annual monitoring plan for the Forest and as part of the 


management review schedule.





The soil quality monitoring plan must contain the problem 


statement and a description of methods to be used to meet project 


objectives.  Involve research, other resource specialists, and 


land managers as appropriate.  Prepare plans at an appropriate 


level of detail consistent with the issue or concern identified 


as part of the Forest planning process.





2.32a - Plan Contents.  Include a statement of objectives, 


variables to be measured, study design, analysis techniques, and 


plans for reporting in Soil Quality Monitoring Plans.  Include 


other components, as necessary, to meet objectives of soil 


monitoring projects.





    1.  Statement of Objectives.  State measurable results to be 


achieved within a stated time period.





    2.  Variables to be Measured.  Describe variables to be 


measured and discuss how each relates to project objectives.  


Discuss sources of variation for each variable.  Specify how each 


variable shall be used in analyzing results.





    3.  Study Design.  Explain in appropriate detail how the 


project shall be conducted.  Describe monitoring methods and how 


field measurements and sampling shall be made.  Identify needs 


for laboratory analysis and equipment.  Describe the size and 


shape of individual sampling units and define the population to 


be sampled.  Identify the sample size and the number of samples 


needed to achieve the desired precision.  Select cost effective 


methods for the study, consistent with overall objectives.





    4.  Analysis Techniques.  Describe the anticipated analytical 


procedures.  Use the detailed descriptions of statistical 


analysis techniques appropriate for analyses of soil monitoring 


data in Statistical Methods Commonly Used in Soil Data Analysis 


by Blaney, Warrington, and Ponce.  Watershed Development Group 


(WSDG), Technical Paper WSDG-TP-00011 or other appropriate 


research approved techniques.





    5.  Plans for Reporting.  Within Forest Plan monitoring 


requirements, specify how monitoring results will be analyzed and 


interpreted for management implications and where results shall 


be summarized.  Refer to objectives in FSM 2555, Soil Resource 


Data Management and Analysis.





2.4 - MONITORING METHODS.  Develop standard sampling methods and 


techniques for effectiveness and validation monitoring to 


determine if prescribed soil management practices were applied 


and if they worked, and to verify or develop soil quality 


standards.





In most cases, visual methods are used to make initial 


evaluations (like those described in ex. 01, sec. 2.2).  


Measurements and detailed sampling are used to calibrate visual 


methods, and to conduct investigations where visual methods are 


inadequate.





2.41 - Areal Extent Sampling.  To determine percent of an 


activity area containing detrimental soil disturbance, the 


procedure described below is recommended.  An activity area is 


the total area where a ground impacting activity is planned or 


has been conducted.





    1.  Determine Sample Size.  Sample size (number of transects) 


is determined by amount of variation in the area to be sampled 


and the desired level of precision.  Variability is influenced by 


size of area, soil and landscape conditions, and by management 


practices.  Sample size can be computed if an estimate of 


variation is known or it can be estimated.  For example, 10 


transects in a 40 acre clearcut may provide an adequate sample 


for a precision of + 10 percent.





    2.  Sample Design.  Establish a randomly oriented grid on the 


area to be monitored.  Grid spacing is determined by the desired 


number of sample points and size of area.  Each grid intersection 


becomes a sample point and is the origin of a randomly oriented 


line transect.  Line transects are commonly 100 feet in length.  


Vary methods to meet special conditions.





    3.  Data Collection.  Along each transect, sum the linear 


distances of those detrimental soil disturbances that can be 


observed (examples: heavily compacted skidroads, areas of 


displacement and puddling, and severely burned soils).  Recording 


distances to the nearest foot is adequate.  Soil compaction is 


not always observable and point samples such as cores or 


penetrometer readings should be taken at 10 foot intervals along 


each transect to partition observable classes into either 


compacted and uncompacted categories.





    4.  Data Analysis.  Compute the mean percent and the 


confidence interval for the sum of all detrimental soil 


disturbance categories.  Conduct additional analyses as 


appropriate.





A reference for sampling is "Guidelines for Sampling Some 


Physical Conditions of Surface Soils", R6-RWM-146-1983, USDA-FS, 


Pacific Northwest Region.  34p.





2.42 - Soil Sampling Techniques.  Develop Region and Forest soil 


sampling methods and techniques.  Key soil properties to measure 


are compaction, erosion, puddling, displacement and severely 


burned.  Adjust methods, as needed, for different physiographic 


areas.


