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20250-9410 or call (800) 795-3272 (voice) or (202) 720-6382 (TDD).

USDA is an equal opportunity provider and employer.

Cover Pictures

Land use and management can affect soil properties. Examples
include rain-fed annual cereal crops (upper center), an annual row
crop of irrigated chili peppers (lower left), and mechanically harvested
timber (lower right). Soil samples and vegetation observations are
collected along transects across scrubland (upper left). Simple field
measurements can be made to document management-induced
changes in near-surface dynamic soil properties, such as aggregate
stability (upper right).
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Foreword

Soil survey databases and dynamic soil properties

Many soil properties have changed and can change as a result of management, historical
land use, or even natural factors, such as drought, interacting with land use. National soil
survey databases currently include soil property information for the relatively static soil
properties, such as texture, and also for properties affected by management, such as soil
organic matter. The databases do not, however, distinguish the values of dynamic soil
properties (e.g., organic matter, bulk density, infiltration rate) according to their land use,
management system, ecological state, or plant community.

“Dynamic soil properties” as defined in this Guide are soil properties that change within
the human time scale. Differences that may exist in these properties can affect the
performance of the soil. Furthermore, some dynamic soil properties change very little in
response to management and disturbances. Some change after a disturbance and then
quickly recover, while others change significantly and are unlikely to recover under the
current climate without significant resource inputs. Information about what changes and
what can recover is crucial for achieving short- and long-term soil management goals and
maintaining soil quality

Evolving customer needs

Over the centuries, human activities and climate change have affected and will continue
to affect the soil resource. Many government agencies implement programs to help
protect, enhance, and wisely use natural resources. Most were established in response to
severe threats to the soil or other resources, such as the Dust Bowl of the 1930s.

Today’s policy makers and land managers are still concerned about threats to the soil
resource. Loss of productivity, bio-terrorism, and environmental degradation are only a
few issues. Other complex issues include sustainable agriculture, bio-energy, and
ecosystem services. Land managers, producers, and others strive for high-quality soils, a
productive landscape, and a healthy environment. With information about management
effects on the soil, they can select and apply sustainable practices. With a better
understanding of how soils change, policy makers can develop programs that will limit
undesired change.

Soil survey can meet emerging needs related to the protection, long-term management,
and ecological function of soil. It will meet these needs by providing data and
information about how soils change. Data about dynamic soil properties, in combination
with existing soil survey information, will be used to interpret and predict the effects of
human activities and management on soil function within the human time scale.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
Version 1.1, 2008



Soil survey customers can use information about dynamic soil properties and ecosystem
change in order to:

e Plan for long-term productivity and sustainability,
Protect and restore ecosystem functions and services provided by soil,
Design monitoring plans and interpret assessments of resource conditions,
Predict land use and management effects on soil, and
Adjust management practices for changes in near-surface conditions.

Capturing information about these changes and communicating it to a wide variety of
audiences will require new procedures and new technologies for soil survey. This Guide
lays out key concepts and protocols that will enable soil scientists and other resource
specialists to examine and quantify changes that affect soil and its ability to function.

The Guide

This Guide is designed for soil survey, vegetation, and ecological site or unit inventory
work in order to help soil scientists and other inventory specialists collect interpretable
data about soil change within the human time scale. This Guide describes a sampling
system to measure dynamic soil properties for all major land uses (except urban lands
where the land and soil have been significantly reshaped). The Guide includes
instructions for project planning, field execution, and data analysis and storage.
Procedures for gathering general management history on croplands and vegetation data
on other lands are included to verify and validate the management regime or plant
community where dynamic soil property data are collected. Vegetation data are also
collected to provide context for interpreting dynamic soil properties and contribute to the
interpretation of soil-plant-hydrologic interactions.

The Guide describes procedures for replicated data collection. Statistically based
sampling requirements are included to help in the collection of useful information that
meets soil survey goals for the desired level of precision or acceptable error rates. In
summary, the Guide answers such questions as what, when, where, and how many items
to sample and provides information that helps to interpret the data.

Pilot studies and future versions

The initial pilot studies that provided experiences for the development of this Guide were
conducted on grassland, shrubland, and forest land. These land cover types were
purposely selected to ensure that ecological principles were the foundation of the Guide.
Extrapolation of these principles, where valid, to crop and pasture land is the next step.
Currently, this version of the Guide accommodates, either partially or at least in concept,
data collection on all lands. Future versions will provide more guidance for cropland and
pastureland.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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Chapter 1. Using this Guide 1

Chapter 1 Using This Guide

1.1 About This Guide

Properties included in this Guide

This Guide addresses dynamic soil and vegetation properties necessary for interpreting
the effects of soil change on the capacity of the soil to function. The three kinds of
properties to be measured are soil horizon properties (e.g., soil organic carbon, and pH),
features of the air-soil interface (e.g., soil surface stability, surface displacement, and
infiltration rate), and vegetation characteristics (e.g., cover, vegetation gap sizes, and site
index for wood production). In this Guide, dynamic soil properties are those that change
within the human time scale (see Chapter 5, Figure 5-1).

New soil survey paradigm

Characterizing management effects on soil systems requires a new paradigm for soil
survey. The paradigm focuses on soil properties that 1) change over time scales of
centuries and decades, 2) are important for soil function, 3) reflect management effects as
well as soil and vegetation dynamics, and 4) can be documented with measurements
recorded at one point in time. The spatial variability of these properties is characterized at
multiple scales. Implementing this paradigm requires specific data-collection strategies.

Comparison studies, the primary soil survey procedure described in this Guide, will be
used to measure and infer soil and ecosystem changes resulting from natural and human
factors for soil map unit component phases. In order to determine management effects
and soil change over time, all comparison studies conducted according to this Guide will
compare field sites with similar initial soil conditions and subsequent differences in
disturbances or management. In most situations, data will be collected for systems that
have achieved near steady-state conditions and will be used to interpret how the changes
and departures from inherent or attainable conditions (see Chapter 5.4) affect soil
function, resilience, and sustainability.

The comparison study can be supplemented with other sampling strategies. A
comprehensive sampling strategy that uses a spatially unbiased sampling design to
inventory soil property variability is described in Appendix 4. Short-interval monitoring
methods that document fluctuations in soil properties, such as moisture content, are not
currently in the Guide but could be added to future versions.

Soil survey updates and resource inventories

This Guide supplements existing soil survey procedures and is designed primarily for
soil survey update activities. The procedures can also supplement inventory work for
ecological site descriptions and Terrestrial Ecosystem Unit Inventories. These procedures

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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Chapter 1. Using this Guide 2

can be used in benchmark soil-landscape studies or range and forestry inventory work not
associated with a soil survey. On range and forest lands, integrated collection of soil and
vegetation data is a key feature. The data collected through comparison studies will be
used to populate a point data set, develop interpretations, develop ecological site
descriptions, and serve as reference data for monitoring (Figure 1-1).

Figure 1-1. Relationships of Comparison Studies and Dynamic Soil Property Data to
Ecological Sites, Soil Interpretations, and Monitoring Data. A simple conceptual
model (a) is used to design comparison studies (b). Dynamic soil property data derived
from these studies are used to populate a point dataset (c). The point data are then
available to include in ecological site descriptions (d), model dynamic soil property
values for similar soils (e), develop interpretations (f), and interpret monitoring data
collected through programs (g), such as the Natural Resources Inventory (NRI), Vital
Signs, and Forest Inventory and Analysis (FIA).

- Soil-site -
and site
attribute * inventory
data Ecological sit q “point” data
cological site
‘ e description for group =~
Modeled of similar soils N
\ DSP values
for map units * \
\ e b
State and transition Comparison
\ model studies on
(or-cropland-maodel) -a benchmark

\ soils

Interpretations and ~N
reference data for soil =~ - . .
quality and soil function f— Dynamic soil
property point
Reference data to interpret dataset .
monitoring results (e.g., NRI, Vital Signs)

Not a monitoring guide

Protocols for monitoring resource conditions for decision-making purposes are not
described in this Guide. Many of the measurement methods, however, are suitable for
monitoring. Protocols and design for field monitoring programs are addressed in Herrick
et al. (2005) and Elzinga et al. (1998).
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Chapter 1. Using this Guide 3

1.2 Getting Ready

Before you start

Each person using this Guide needs a fundamental understanding of soil change
concepts, the comparison study approach, and simple conceptual models of soil and
vegetation dynamics. Soil change concepts are described in Chapter 5, “Interpreting Soil
Change and Soil Function.” Key concepts include soil function, the human time scale,
dynamic soil properties, and factors that cause soils to change (disturbances and
stressors).

Measuring soil change requires a systematic approach, which is discussed in Chapter 2,
“Measuring Soil and Ecosystem Change.” The comparison study technique and methods
that overcome its limitations are described. This technique is contrasted with long-term
monitoring and other techniques. Familiarity with the components of simple state-based
conceptual models and the use of these models in comparison studies is a prerequisite for
users of the Guide. Locate this information and frequently asked questions about
comparison studies in Chapter 2.3.

Any concepts that are new to you will become more familiar and easier to apply after you
get involved in a project. Additional resources available to you include the Glossary, the
people of other disciplines who are participating in your project, cooperators, and agency
specialists. The exhibits at the end of the chapters also provide supplemental information
about topics discussed in the Guide.

Conducting a project

The Guide is organized to allow easy access to the information you need to plan and
conduct a project. Once you have a basic understanding of the information provided in
Chapters 5 and 2, you can begin your project. Proceed to Chapter 3, “Managing
Comparison Studies.” This chapter describes required planning documents and the roles
of a variety of discipline specialists and cooperators. Projects have six steps (Table 1-1).
Refer to Chapter 3, Table 3-1, for a list of the specific tasks in each of the project steps.

When you are ready to prepare the workplan for your project, proceed to Chapter
4,“Planning and Conducting a Comparison Study.” Follow instructions for project Steps
1 through 3 in Chapter 4 and enter the necessary information in the Workplan Worksheet
located in Appendix 1. Instructions for selecting sampling locations and collecting field
data are in Chapter 4, Step 4. After the field work is complete, refer to instructions for
data preparation, analysis, and reports in Steps 5 and 6.

Appendices include additional information needed to design a project and collect and
analyze data. A procedure to determine sampling requirements and evaluate sampling
adequacy is in Appendix 2. Standard methods, field data collection forms, and data entry
sheets for interim storage are described in Appendix 3.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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Chapter 1. Using this Guide 4

An important outcome of a project will be data that can be used to describe how soils
change in response to management and disturbances. The reports and deliverables that
can be developed for a project are described in Chapter 4, Step 6. The data will increase
our ability to characterize, predict, and interpret management effects on the capacity of
the soil to function for the intended use. Refer to Chapter 5.4 for a discussion of
techniques that can be used to develop function-based and soil change interpretations.

Table 1-1. Project Steps.

Step Project activity

Project Scope

Sampling Design
Sampling Requirements
Field Work

Data Preparation

Data Analysis and Reports

o OB~ WO DN B
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Chapter 2 Measuring Soil and Ecosystem
Change

2.1 Comparison Studies

Comparison studies: method of choice for resource inventories

A number of systematic techniques can be used to document and provide information
about soil change over the human time scale (Exhibit 2-1). For inventory work and soil
survey, the comparison study approach has been selected for documenting the effects of
anthropogenic and non-anthropogenic disturbances on soil over time.

As applied in this Guide, a comparison study is one in which two or more different
management conditions on the same kind of soil are compared. Using the space-for-time
substitution technique, the differences between a reference state and some other
management system will be used to make inferences about how soils have changed over
time. Similarities or differences among management systems can also be used to inform a
simple conceptual model of cause and effect and quantify its state components (See
Chapter 2.2).

The length of time that each condition has been in place will commonly be different. An
example is a comparison study of a 150-year old forest stand and a stand planted 40 years
ago. In some cases, the management systems to be compared will be the same “age.” For
example, land-use effects of a 20-year old irrigated pasture may be compared to a 20-year
old dry-farmed grain system.

Where available, long-term studies and research provide useful information that
augments comparison studies (Pickett, 1989). They can be used to confirm trend, identify
early warning indicators and mechanisms of change, and quantify rates and thresholds of
change. For a catalogue of existing long-term soil ecosystem studies in your area and
around the world, refer to http://Itse.env.duke.edu/

The same kind of soil

Soil map units are used to identify the same kind of soil. All similar soil phases of an
individual soil map unit component (e.g., series) in one or more soil map units are
considered the same kind of soil. In this Guide, the term representing the same kind of
soil is “soil map unit component phase.”

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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Chapter 2. Measuring Soil and Ecosystem Change 2

Comparison studies versus monitoring

The comparison study approach meets soil survey needs primarily because of its
efficiency and simplicity. Some constraints of long-term studies and monitoring are also
overcome. In particular,

e The time required to document change is only as long as it takes to locate plots,
collect samples and field measurements, and analyze the data. Waiting for decades to
obtain results from long-term experiments or monitoring is not required.

e The inability of holding management constant into the future on privately owned land
does not interfere with the outcome.

e The costly organizational support required for repeating observations over many
years and for managing and controlling the quality of a monitoring program is
unnecessary.

e Limited resources can be used to disperse numerous sample locations throughout the
map unit rather than repeating data collection at the same location over many years.
This approach provides information about the spatial variation across map units and
not just temporal variation at a few selected locations.

Overcoming limitations of comparison studies

Comparison studies conducted according to this Guide evaluate change by substituting
space for time. This is an important technique for documenting change through time as a
part of inventory work, but there are limitations to the approach. Both space for time
substitution techniques and comparison studies fail to distinguish the effects of space
(differences in spatial variability) from time (differences in the history of the field site)
(Pickett, 1989). They require an assumption that all locations were initially equal,
something that is difficult to verify. In addition, variability owing to different historical
legacies, including the kind and sequence of disturbances, practices, or management
experienced at the sampling location, are commonly unknown.

Proper application of comparison studies is required to minimize the limitations of the
approach (Pickett, 1989). The effects of differing initial soil conditions and spatial
variability that may occur across the extent of the map unit are minimized by sampling a
well defined soil map unit component phase and replicating data collection at multiple
spatial scales. Thus, underlying variability in soil properties or starting conditions can be
averaged for each state or management system.

Three conditions must be met to help manage the limitations.

1. Sample the same kind of soil but under different current conditions. Carefully
verify sampling locations to ensure that each location is the same or similar soil
map unit component phase.

2. Use a conceptual model that represents how soils change. Obtain a simple
conceptual model that describes the management-affected dynamics for the
particular soil that will be sampled. The model should describe what is currently
understood or assumed about the causes and effects of change. Through space-

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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Chapter 2. Measuring Soil and Ecosystem Change 3

for-time substitution, states within the model will be compared to the state
representing the reference or starting conditions. The results of the comparison
will be used to make statements about how soils have changed over time in
response to anthropogenic factors.

3. Incorporate knowledge of past management or conditions. Gather general
information about land use legacies, such as prior land uses, by examining repeat
aerial photography. Also gather information about management history over the
last 10-20 years, if possible. The general nature of this information is not ideal,
but it will help in interpreting data. Incorporate assumptions about the
management history into the model.

2.2 Conceptual Models

Conceptual models

A conceptual model is a simple representation of reality that provides a mental picture of
how something works (Starfield et al., 1993). Conceptual models help organize
information and understanding and improve communication. State-based models provide
a framework to help organize cause-and-affect relationships among management systems
(states), natural stressors or disturbances, practices (anthropogenic stressors or
disturbances), and dynamic soil properties. The importance of using a conceptual model
to organize and control comparison studies cannot be understated. Without a conceptual
model to consistently define a finite number of “states,” the numbers of possible
conditions to sample would be unmanageable for inventory purposes.

Care should be used when a model is applied. If the model does not take into account
important variables or fails to properly account for the impact of critical variables,
conclusions may be incorrect. The model should be periodically evaluated to ensure that
data are interpreted correctly. In some instances, it may be prudent to use data from a
comparison study to modify the model or develop a new model.

Using conceptual models in comparison studies
In this Guide, state-based conceptual models are used to:
1. Stratify the map unit component phase into multiple states that can be randomly
sampled;
2. Provide descriptions of states and state phases to help verify suitable sample
locations in the field;
3. Describe relationships between soil and vegetation data;
4. Describe management effects on soil in cropland systems;
5. Describe management effects on soil and plant communities in rangeland and
forested systems;
Provide management context to help interpret dynamic soil property data;
7. Facilitate data extension to similar soils;

IS
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Chapter 2. Measuring Soil and Ecosystem Change 4

8. Organize relationships among management, dynamic soil properties, and plant
communities (where present), for the interpretation, storage, and delivery of data;
and

9. Serve as a decision aid for conservation planning by illustrating alternative states
and predicted soil responses to disturbances and practices.

State and transition models for rangeland and forest land

State and transition models as presented in ecological site descriptions are the primary
kind of model used in comparison studies on range and forest lands. For more
information, refer to the National Range and Pasture Handbook, Chapter 3, Section 1,
Part 600.031(c) (USDA, 2003). These state and transition models (Westoby et al., 1989;
Bestelmeyer et al., 2003; Stringham et al., 2003) are conceptual models of soil and
vegetation dynamics. Each state and transition model synthesizes informal knowledge
and information from the literature and is tied to a particular ecological site. See Figure 2-
land 2-2 for examples of state and transition models. Other conceptual models, such as
those prepared for National Park Service (NPS) Vital Signs efforts, can be used provided
that they describe soil and plant community dynamics of the map unit component phase
that is sampled (http://science.nature.nps.gov/im/monitor/).

State and transition models describe our current understanding of ecosystem dynamics.
Each state and transition model represents hypotheses about the causes of changes in soil
and plant communities. The models describe states, plant communities within states, and
transitions between states and communities. The transitions represent mechanisms,
thresholds, and triggers of change, including management actions, which drive change.
Easily reversible changes in soil and vegetation are described within each state.
Transitions between states represent changes that are subject to thresholds beyond which
reversal is costly or impossible. For the purposes of this Guide, plant communities within
a state will be referred to as state phases (see Glossary).

State and transition models describe the predicted responses of soil and plant
communities to management-induced or natural disturbances. States and plant
community phases (i.e., state phases) reflect the responses. Consequently, they can be
used to present 1) management options of how to achieve or avoid change and 2)
corresponding dynamic soil property information. State and transition models can also be
used by researchers to develop new testable hypotheses that will improve the
understanding of soil and vegetation change.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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Figure 2-1. State and Transition Model and Legend for the Deep Sand Savanna
Ecological Site in MLRA 70C. (G70CY123NM, personal communication, Pat Shaver).
This model utilizes recent concepts for model descriptions as described in Briske et al.,
(2008). Figure a) includes all plant community phases, and b) is an example showing
only one phase per state. The large numbered boxes represent states. The small boxes
within the large boxes represent plant community phases. The arrows represent
transitions, restoration pathways, and community pathways within a state. Refer to the

legend for descriptions.
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mid grasses
3.1 - One-seed juniper, 2 Za‘I* l
active wind and water erosion ) 2.1a

2.2 - One-seed juniper

and warm season
mid grasses

Shrubs
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b)

1.0 Reference state, phase 1.2

N

Tla Rla
N A4
R3b 2.0 Juniper/Shrub state,
phase 2.1
3.0 Eroded state, phase 3.1
T2a
R3a | I

Legend for Deep Sand Savanna Ecological Site in MLRA 70C (G70CY123NM)

Reference state 1.0

Two community phases, 1.1 and 1.2, maintained by frequent fire (6 to 20 years) and

weather fluctuations (drought and wet years).

Plant community indicators: High perennial grass cover and production. Litter

accumulation.

Feedbacks: Organic matter inputs allow for increased soil moisture, production,

root turnover, and litter, increasing soil surface stability.

At-risk community phase: Either community phase is at risk when bare ground

increases and organic matter inputs decline.

Alternative state 2

Juniper canopy cover controls the soil moisture, herbaceous production, and organic
matter inputs. Management practices applied to maintain current canopy cover and
herbaceous production. Manipulation of brush species and prescribed fire and grazing
management planned to maintain or improve warm-season mid grass production.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory

Version 1.1, 2008




Chapter 2. Measuring Soil and Ecosystem Change 7

Plant community indicators: Juniper canopy cover >15%, bare ground >35%

and <50%.
Feedbacks: Juniper use of moisture, decreasing herbaceous production,

decreasing organic matter inputs.
At-risk community phase: Either community phase is at risk if juniper seedlings

increase and canopy cover increases.

Alternative state 3

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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Figure 2-2. State and Transition Model and Legend for the Loamy Ecological Site
in MLRA 43B. (R043BA032MT). The large numbered boxes represent states. The small
boxes within the large boxes represent plant community phases. The solid-line arrows
represent transitions and restoration pathways. The dashed-line arrows represent
pathways within a state. Refer to the legend for a description of each arrow.

Bluebunch wheatgrass/
Indian ricegrass la
> Indian ricegrass/ Indian ricegrass/
Half shrubs Wyo big sagebrush
Bluebunch wheatgrass/ 1b
Western wheatgrass
2. Shrub-Invaded Grassland
Bluebunch wheatgrass/ 2
Big sagebrush 3a 3b
3b A
1. HCPC, Bunchgrass Grassland Half shrubs/ Basin big sagebrush/
Needleandthread Needleandthread
2 4
916
A 4 A 4
Wyo big sagebrush/ Mixed shrubs/
Mid-grasses/ short grasses Needleandthread Needleandthread
Over 20% of community
invaded by invasive/ noxious 3. Mixed Shrubland
weeds.*
Invaded Grassland 2 5 6 7
| v
A
1
A 4
Over 50% of community Mixed shrubs/ mid-grasses.
invaded by invasive/ noxious A | Over 20% of community
weeds.* ¢ ---- invaded by invasive/ noxious
weeds.*
Invasive Dominated Invaded Shrubland
4. Invaded State
6
A 4 A 4 A
Short grasses/annuals.
Less than 25% canopy 8 2 Planted to introduced
cover. < 350 #/acre prod. forage species.
5. Sparsely Vegetated Pastureland
| A
11 e .
; v B . C ' B
> - A 4 :
Aband_oned cropland. Cropped annually with
10 Often invaded by annual ~ |----- »{ foraqe or grain crops.
grasses and forbs.
Go Back Land - - - - -1 Cropland
6. Cultivated State
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Legend for Loamy Ecological Site in MLRA 43B (R043BA032MT)
* Species composition based on dry-weight annual production.

A. Invasive tendencies of weeds coupled with lack of control or prevention measures.
B. Planting of introduced and/or native forage species.

C. Crop cultivation.

D. Cropland is abandoned, left idle.

la. MFI (mean fire interval) 25-50 years, overgrazing (excess critical season grazing;
excess intensity; repeated, long-term growing season defoliation), warming climate;
1b. MFI <25 years and treatment to reduce or remove shrub spp.

2. Introduction of weedy propagule with or without aid of overgrazing and/or fire.
3a. MFI >50 years for big sagebrush to reach full maturity, persistent reduction in
grasses, competition by shrubs, overgrazing.

3b. MFI 25-50 years, treatment to reduce shrub spp.

4. Treatment to reduce/remove invasive/noxious spp.

5. Treatment to reduce/remove invasive/noxious spp. with special care given to not
diminish shrubs.

6. Persistent reduction in grasses, competition by shrubs, erosion and soil truncation.
Severe overgrazing and/or protracted drought conditions.

7. Plowing of native range for planting crops or introduced forage species.

8. Treatment to reduce/remove invasive/noxious spp. or plowing of the native range
for planting crops or introduced forage spp.

9. Land rehabilitation, restoration/replacement of topsoil, shrub removal, grass
seeding under favorable growing conditions.

10. Seeding of native species under favorable growing conditions. Subsequent
multiple years of proper grazing and management.

11. Loss of topsoil from wind/water erosion due to poor farming practices or
overgrazing and/or drought.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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Soil degradation and transitions

Some transitions involve soil degradation. Soil degradation can be physical (e.g., erosion,
compaction, crusting, and structural degradation), chemical (e.g., salinization, and
toxification with heavy metals), biological (e.g., depletion of soil organic matter and
decline in diversity and abundance of soil biota), or mineralogical (e.g., oxidation of
sulfidic soil materials). Knowledge of the type of degradation (see Chapter 5.3 for a full
discussion of types and causes of soil degradation) can give insight into the ecological
processes and soil functions that need repair and thus the treatment needed to achieve
recovery. Information about the severity of degradation and the appropriate restoration
practices can be used to gauge the reversibility of the transition. For example, an eroded
state is commonly more difficult to restore than one that has surface crusting. With
knowledge of the type of soil degradation, the dynamic soil properties that reflect the
type of soil degradation can be identified and included in a project.

Conceptual models for cropland and pastureland

Note: A summary of one approach to create models for cropland and pastureland is
provided here. The procedure for classifying cropland management systems is under
development and will be evaluated through a pilot study. It is subject to revision or
replacement.

Groups of similar management systems will be created and used to identify multiple
alternative cropland systems that could be sampled. Primary management practices that
affect the additions and losses of soil organic matter will be the basis for classifying and
grouping cropland management systems. The type and intensity of tillage as well as the
crop rotation will be included. The prototype system uses a STIR-based tillage
classification and the RUSLE2 SCI OM maintenance sub-factor. The stresses or
transitions that drive one management system to another will also be described. Using
current knowledge, multiple cropland management systems and the effects of
management on the soils will be presented in a simple conceptual model. The objective is
to develop conceptual models for similar soils within crop management zones. A number
of models will be needed in each crop management zone.

2.3 Frequently Asked Questions About Comparison Studies

How do comparison studies relate to other soil survey conventions for soil change?
In soil survey, there are four conventions for measuring soil change (Figure 2.3). Soil
change reflecting past management has been traditionally addressed through
classification (1) and phase distinctions (1) that represent various degrees of change in
soil morphology, soil chemistry, hydrology, and behavior. Repeat measurements through
short-interval monitoring (V) have also been conducted to reflect seasonal variation in
soil properties, such as average monthly water table depth. The new convention presented
in this Guide uses conceptual models of change (I11) that relate dynamic soil properties to
various management regimes, ecological states, or plant community phases of soil map
unit component phases. The three traditional conventions and a new one for documenting
soil change are summarized below.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
Version 1.1, 2008



Chapter 2. Measuring Soil and Ecosystem Change 11

I. Taxonomic classes. Soils are reclassified when diagnostic horizons or features
important to the use and identification of the soils have been removed or destroyed
(e.g., Arents). Existing classification paradigms apply use-neutral criteria that
specifically avoid reclassification on the basis of soil properties that change in
response to management (e.g., a cultivated soil with mixing in the surface layer can
be classified the same as its uncultivated counterpart).

I1. Phase distinctions. Phases are created for soil that 1) has been altered by
management and 2) is relatively unaltered in the control section (e.g., drained,
eroded).

I11. Models of change. The dynamic effects of management on soil are presented in
conceptual models of change. State and transition models on range and forest lands
are examples. Cropland systems can also be represented in simple models of the
effects of management practices.

IV. Short-interval monitoring. Regular, periodic, and cyclic fluctuations in soil
properties are determined with regular measurements recorded at set intervals over
time (e.g. soil water table depth).

Figure 2-3. Soil Inventory Conventions for Soil Change. Changes in morphology and
function are commonly high in category I. Change in function is, by definition, high to
moderate in category Il. In category Il1, management effects on soil function may be low
to high in response to changes in dynamic soil surface properties, such as soil organic
matter, aggregate stability, and moisture content.

I I 1l v
Taxonomic Phase Models of | Short-interval
classes distinctions change monitoring
Drastically Relatively Dynamic Regular,
altered unaltered management periodic and
=Transported control effects on cyclic
(Minesols) section soil fluctuations
= Horizons = Eroded =Dynamic *Soil moisture
destroyed = Drained soil =Temperature
= Horizons . etc. properties =Water tables
mixed
— |
High Change in function Low —

high
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What does a comparison study look like?

An individual project is conducted for an important or extensive soil (benchmark soil)
within an important ecological site (benchmark ecological site) or crop management
zone. Two or more management systems or plant communities are sampled according to
the Guide. Projects may also include the associated soils in a catena. Data are collected
to document the central tendency and range of variability in dynamic soil properties and
vegetation characteristics (where present) within a soil map unit component phase. The
variability within management systems or plant communities that occurs on a specific
soil map unit component phase is determined through replicate sampling. Projects include
multiple plots. Multiple samples and field measurements are collected from each plot to
characterize soil properties and vegetation characteristics. Data for each management
system that is sampled are summarized and compared. Summary reports are developed
for each project.

How do comparison studies relate to ecological site inventory procedures?

Data collection procedures for ecological site inventory vary in intensity and detail of
observations recorded. Three levels of intensity can be recognized (Bestelmeyer et al., in
review):

e Low-intensity traverses to explore and record relationships among plant communities,
landforms, land uses, and soils within a climatic zone;

e Medium-intensity inventory of georeferenced locations, including broad transects to
quantify and describe vegetation and soils within plant communities, ecological sites,
and soil map units; and

e High-intensity data collection using stratified random sampling to establish
characteristic values for the inherent (reference) state or other attainable states where
state concepts have been proposed or defined in the state and transition model.

Initial work for map unit design is part of the low-intensity procedures. Transects for map
unit design and composition are part of the medium-intensity work. Comparison studies
to document dynamic soil properties for soil survey, benchmark soils, and ecological
inventories are the high-intensity procedures.

Why are soil and vegetation data collected together?

Integrated soil and vegetation data collection meets multiple program objectives, thereby
increasing efficiency. It also improves the quality of information. Both soil inventories
and vegetation inventories require verification of the corresponding soil or plant
community at the data collection site to ensure correct interpretation of the data.
Integrated data collection meets this goal. From the perspective of soil inventory, plant
community data provide context for interpreting dynamic soil property data. Through use
of information from the same plot, soil-plant relationships can be clearly established for
soil-site correlation requirements. In addition, the relationships between patterns,
processes, and dynamic soil and vegetation properties can be established to support
predictions of soil change. This information will improve existing interpretations, provide
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data for ecological site descriptions, and allow the development of new interpretations for
soil map units and ecological sites.

Figure 2-4. Interdisciplinary Crews Collect Soil Samples and Vegetation Data for
the Same Plot at the Same Time.

What are the benefits of comparison studies?
¢ Information about how soils change in response to management and disturbances is a
value-added product of soil survey updates and ecological inventories.
e Point data are available for such uses as model calibration and research.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
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e Colocating soil and plant community data overcomes problems of interpreting soil-
plant relationships where corresponding soil or plant community data are not
available.

e Projects can be designed in response to important resource issues, such as altered soil
hydrology after land use conversion.

e Collaboration by soil scientists, range specialists, foresters, agronomists, and
biologists enhances skills and knowledge for improved conservation assistance and
technical soil services.

e Experiences in data collection will help refine or expand this Guide.

e Multiagency projects strengthen partnerships and bring together collaborators for
improved technology development, training, and research.

How large is the study area of a project?

The study area should be as large as possible but not so large that environmental factors,
such as precipitation or temperature, are broader than the concept for the soil map unit
component phase or ecological site. Ideally, the project extends across all polygons of the
selected map unit(s). Statistical inferences from the project data can be made only for
locations within the study area.

Why collect replicate data?

Soil and vegetation properties can be highly variable at one or more different scales.
They can vary throughout the extent of the soil map unit component, according to
landform component, and across distances of a few meters. For simplicity, two levels of
replication are included in the protocols in this Guide. Replication of plots captures the
variability of properties across the landscape, and collection of multiple samples within a
plot captures the variability of properties within plots. By increasing replications, study
increases the proportion of possible situations sampled within a soil map unit component
phase. Replicate sampling is necessary in order to provide data that meet acceptable
levels of certainty and to obtain an estimate of error (certainty of the mean). Small
numbers of samples can produce results that are not accurate or precise enough to meet
user needs (Figure 2-5). Replication also allows project data to be tested for statistical
differences between state phases or management systems.
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Figure 2-5. lllustration of the Effect of Numbers of Replicate Samples Within One Plot
on the Dispersion of Sample Values and the Plot Mean From a Study of Infiltration. As
the number of samples increases, the mean estimate becomes more accurate (as illustrated by
small changes in the mean with additional sampling). The mean also becomes more precise
(as illustrated by narrowing of the standard error of the mean with additional sampling).
Increasing the number of replicates also better captures the full range of values for the
infiltration rate within this plot. The dashed line and “x” represent plot mean; solid lines are
at +/- one standard error (SE) from the mean. (Source: unpublished data for Yucca
taxadjunct, loamy fine sand, plot 5, Dona Ana Co., NM.)
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Exhibit 2-1. A Summary of Techniques for Documenting Soil Change

Following procedures in this Guide, comparison studies of two or more different
management systems place sample sites on the same kind of soil. They allow the length
of time that each management system has been in place to differ, although “time” may be
the same in some cases, such as comparisons of different land uses. Other techniques for
documenting soil change include chronosequence studies (studies that compare
management systems of different “ages” are also called space-for-time studies), short-
and long-term experiments, long-term monitoring, short-interval monitoring, and
repeated soil surveys (Richter et al., 2007). These techniques, as well as space-for-time
studies, are described below.

Chronosequence studies. Chronosequence studies differ from comparison studies
(Richter and Markewitz, 2001). Chronosequence studies following the State Factor
Analysis approach hold all soil-forming factors equal, except for time (Jenny, 1961).
Traditional chronosequence studies evaluate soil profile development over time by
comparing different soils on similar deposits or landforms but of different pedogenic ages
(Birkeland, 1999). The near impossibility of ensuring that all soil-forming factors except
for time are equal is a limitation of this type of study (Buol et al., 1997). For example, in
most chronosequence studies, the staggered onset of soil formation among the sites of
differing ages is a concern because climate is most likely not constant (Stevens and
Walker, 1970). For chronosequence studies where the offset time between sites is short,
the climatic variations are assumed to be ineffective (YYaalon, 1975). In comparison
studies that follow this Guide, the kind of soil is the same, management systems are not
equal, and differences in time since initiation of new conditions is relatively short. These
characteristics all differ from the characteristics of chronosequence studies of soil
genesis. A modified approach of the chronosequence study that 1) holds climate and the
kind of soil equal and 2) studies separate locations with identical management systems
but different “ages” would be similar to a comparison study as described in this Guide.

Space-for-time studies. Space-for-time studies evaluate trend by examining field sites of
different ages (Pickett, 1989). Space-for-time substitution is commonly used in ecological
studies to evaluate plant succession over time. In some, but not all, space-for-time
studies, the kind of soil at all locations is the same. Space-for-time substitution has
limitations that ecologists have attempted to overcome (Pickett, 1989). Strict application
of this technique requires that 1) climate, soils, and historical factors are equal and 2) a
model accounting for the operational environment, such as management effects on
succession or soil productivity, is available to describe assumptions about past
management. These requirements also apply to comparison studies of soil map unit
component phases. According to the procedures in this Guide, variation in climatic
features (e.g., mean annual precipitation and air temperature) is allowed as defined for a
particular kind of soil.
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Long-term experiments. A long-term study is research conducted to determine the long-
term effects of a variety of treatments, such as practices or disturbances, by making
periodic measurements on established plots (Richter et al., 2007). Initiated in 1856, the
Park Grass study in Rothamsted, England, is an example (Tilman et al., 1994). For
information on designing long-term studies to document soil change, refer to
Understanding Soil Change: Soil Sustainability over Millenia, Centuries, and Decades
(Richter and Markewitz, 2001).

Long-term monitoring. Long-term monitoring can be designed for many objectives. For
example, land managers and conservation agencies, both private and federal, are
interested in monitoring to 1) report changes in the condition of the land; 2) document the
effects of newly applied practices; or 3) provide early warning signs of degradation.
Monitoring to meet the objectives related to resource condition requires specific
procedures that differ somewhat from those presented in this Guide. For information on
how to monitor in support of resource decision making, refer to Measuring and
Monitoring Plant Populations (Elzinga et al., 1998), Environmental Monitoring (G.B.
Wiersma, ed., 2004), Monitoring Manual for Grassland, Shrubland, and Savanna
Ecosystems (Herrick et al., 2005), and Sampling for Natural Resource Monitoring (de
Gruitjter et al., 2006). Examples of natural resources monitoring programs include the
NRCS Natural Resources Inventory (http://www.nrcs.usda.gov/technical/NRI/), the
National Park Service Vital Signs Monitoring Program
(http://science.nature.nps.gov/im/monitor/index.cfm), and the Forest Service National
Forest Health Monitoring Program (http://fhm.fs.fed.us/index.shtm).

Short-interval monitoring. Short-interval monitoring is conducted to document
fluctuations in soil properties, such as redox potential, microbial respiration, and soil
moisture content. Monitoring intervals are commonly hours, days, months, or seasons, or
the monitoring can be continuous. In soil survey, some types of soil properties require
that a series of measurements over a number of years be used in calculation of an average
value. For example, soil temperature and water tables are often “monitored” monthly or
continuously over a period of a few to many years to determine mean annual soil
temperature or mean monthly water table depth. Procedures for short-interval monitoring
are not covered in this version of the Guide.
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Chapter 3 Managing Comparison Studies

3.1 Project Steps

Managing a project

Comparison studies of dynamic soil properties are managed as projects. This approach
facilitates planning and data interpretation. Plots sampled as a part of the same study will
be used to determine property averages and variability for the conditions sampled. In the
future, non project protocols may be developed when more is understood about the year-
to-year variability of dynamic soil properties.

Comparison study project steps

Projects are comprised of six primary steps, which include Project Scope, Sampling
Design, Sampling Requirements, Field Work, Data Preparation, and Data Analysis and
Reports. Following this systematic approach is important. It promotes efficiency, an
effective project, and high-quality data that can be used to generate useful interpretations.
The tasks in each step are listed in Table 3-1 and described in this Guide.

Table 3-1 Tasks Within the Six Project Steps of Dynamic Soil Properties Studies.
The project steps and tasks are listed in approximate order, although most are iterative.

Project Step Tasks

[

. Establish Project Objectives

. Identify Cooperators and Project Personnel

3. Select Soils and Ecological Sites or Crop Management
Zones to Sample

4. Gather Available Data, Information, and Imagery

1 Project Scope

N

. Review Elements of the Sampling Design

. Select State Phases or Management Systems

. Select the Soil Map Unit Component Phase

. Estimate Sources of Spatial Variability

. Select Soil and Vegetation Properties

. Select Standard Methods and Laboratory Services*

2 Sampling Design

OOl WDN PP

3 Sampling
Requirements

. Use Statistically-Based Sampling Requirements

. Determine Plot Type, Size, and Elements

. Determine Sample Position and Numbers of Samples
. Assign Sample Identification Numbers

B WD
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4 Field Work 1. Locate Plots; Verify Soil and State Phase or Management
System
2. Collect Data, Samples, and Management Information

5 Data Preparation 1. Enter and Error Check Raw Field Data; Merge Field and
Laboratory Data
2. Make Necessary Calculations

6 Data Analysis and
Reports

1. Data Analysis Overview

2. Summarize the Data

3. Evaluate the Data

4. Evaluate the Sampling Sufficiency

5. Test for Differences Using Statistics

6. Look for Differences Using Other Techniques
7. Develop Reports

* For NRCS projects, request NSSL laboratory assistance.

Project duration

Data collection for a project should extend over a period of no more than a few years to
ensure comparability of the data. Depending on the number of staff available, data
collection for all plots within a project can be completed within a few weeks or months.
If large numbers of plots are to be sampled, it may be desirable to spread the sampling
workload over a period of a few years. The temporal variation in soil properties over
periods of a few years can be minimized by following two rules: 1) select plots with
management systems that have been in place long enough to attain steady-state
conditions (see Chapter 4, Step 2, Figure 4.2-1)) and 2) include dynamic soil properties
that have characteristic response times of 5 to 10 years or more (see Exhibit 5-2). If
extreme weather events occur during a project, consider these when summarizing and
interpreting the data. If knowledge of the temporal variation from year to year is desired,
specific plots may be sampled repeatedly over numerous years (monitored), but summary
of this data may require different parameters in statistical tests. Consult with cooperators
or National Soil Survey Center (NSSC) staff for assistance on the collection,
summarization, and interpretation of monitoring data.

3.2 Project Participants

Include multiple disciplines and cooperators

Both soil scientists and discipline specialists are needed to help plan a project and collect
and interpret data. An interdisciplinary sampling crew is needed for projects on range,
pasture, forest, and wild lands. An agronomist or conservationist can provide valuable
management information for plot selection and data interpretation on cropland. The
minimum crew consists of two soil scientists and an appropriate discipline specialist. The
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ideal size of the sampling crew depends on the methods used and the number of samples
to be collected. In some cases, a vegetation crew of two or three may be helpful.
Adequate personnel should be available to complete sampling of at least one plot per day.
Collaborators from the National Cooperative Soil Survey, universities, and the USDA
Agricultural Research Service may be able to provide staff to assist with projects.

3.3 Project Planning Documents

Prepare a Project Outline

Prepare a Project Outline for each project. The Project Outline can serve as a project
proposal. It should be brief and emphasize what will be done, not how. The Project
Outline is required by the National Soil Survey Center when requests for laboratory and
other assistance are made. Follow the standard Project Outline provided by the NSSL
(Appendix 1.2). For guidance, review Chapter 4, Step 1, Project Scope; Step 2, Sampling
Design; Step 3, Sampling Requirements; and Step 4, Field Work.

Prepare a project workplan

After the Project Outline is completed and the project is approved, begin developing the
Workplan Worksheet (Appendix 1.3). The completed Workplan Worksheet and the
Project Outline serve as the workplan. Prepare one for each project. The Workplan
Worksheet is essentially an expanded version of the Project Outline and is developed as
the details of the project are determined. Use the Workplan Worksheet to record
information about the project area and decisions concerning where, what, when, and how
to sample and the number of samples. Also document laboratory selections, equipment
needs, and collaborator roles. For guidance and instructions, review Chapter 4, Step 1,
Project Scope; Step 2, Sampling Design; Step 3, Sampling Requirements; Step 4, Field
Work; and Appendix 3, Methods, Field Forms, and Data Entry Sheets. Use the tools
described in Appendix 2 (including Excel worksheets) to calculate sampling
requirements. General information about work plans is described in NSSH 631.05.

The Workplan Worksheet should be developed with input from partners. The record of
decisions will serve as a reference to ensure that the sampling design is followed during
Step 4, Field Work. Modifications required during sampling should be added to the
Workplan Worksheet after sampling is complete. The Workplan Worksheet is also
designed to provide information helpful in answering questions that may arise during
Step 5, Data Preparation, and Step 6, Data Analysis and Reports.
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Step 1. Project Scope

Step 1 Project Scope

4.1.1 Establish Project Objectives

Overarching objectives

With respect to soil change, the overarching soil survey objectives are to inventory and
predict soil change over the human time scale, determine the mechanisms, and interpret
the consequences of those changes. Information about management effects on dynamic
soil properties is needed to address these objectives. The results of individual projects
along with other data and research will be used to help build knowledge and awareness of
soil change and its consequences. Keep these soil survey objectives in mind throughout
the project.

Describe project scope and objectives

The first step in project planning is to establish the objectives. Begin by holding
discussions with collaborators about comparison study procedures, potential objectives,
and deliverables. Information in Chapter 2.2, Frequently Asked Questions about
Comparison Studies, can be help with the initial planning. A primary challenge will be to
keep the projects small and manageable. Given limited time and resources, it is unlikely
that all states and state phases or management systems that occur on the selected soil map
unit component phase will be sampled in a project. At a minimum, two state phases or
management systems will be sampled (see Chapter 4, Step 2.2, for specific instructions).
Throughout the planning process, record project decisions on the Workplan Worksheet.
Begin by entering basic information about the scope of the project, including the project
name and the collaborating agencies, on the Workplan Worksheet: Item 1. Continue to
develop the workplan by following instructions in Steps 1, 2, 3, and 4 of this chapter.

The primary objective of a project is to gain information about the effects of management
on soil over the human time scale. Measurements of dynamic soil properties at (or near)
steady-state conditions will be used to determine and interpret how the changes and their
departure from inherent or attainable conditions affect soil function, resilience, and
sustainability. Projects should relate to local resource management issues that are affected
by changes in dynamic soil properties. These issues include, but are not limited to, the
following: productivity, sustainability, nutrient management, carbon sequestration, soil,
water or air quality, water quantity, human or animal health, ecosystem function, and
invasive species. Briefly state the project objectives with respect to the effects of
management on soil change and identify the resource management issues that relate to
the project. For example, “The primary objective is to document soil properties on ash-
capped soils in Northern lIdaho that have changed as a result of forest management
practices over the last century. Vegetation data will be gathered to provide context for
interpreting the soil data and to develop ecological site descriptions. Resource concerns

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
Version 1.1, 2008



Chapter 4. Planning and Conducting a Comparison Study 2
Step 1. Project Scope

addressed by this project include soil quality and long-term soil productivity.” Record
this information on the Project Outline and Workplan Worksheet: Item 2.

Describe project deliverables

For those soils and properties that are sampled, a summary report of dynamic soil and
vegetation properties will be provided for states and state phases (e.g., plant communities
or management systems). The report will include summary statistics describing the
central tendency and variability of the properties measured. These data can be used to
evaluate sampling sufficiency, determine differences among state phases or management
systems, describe change over time, and develop interpretations. Project reports and
deliverables are discussed in detail in Chapter 4, Step 6. Describe any additional
deliverables on the Workplan Worksheet: Item 3.

If large numbers of samples are collected at multiple scales, the data can be used in other
ways. They can be used to develop new specific sampling requirements for similar soils
and management systems. Large data sets can be examined for relationships between the
dynamic soil properties and the plant community or crop management systems (e.g., soil
organic matter content of the surface layer is 1.5 times greater for no-till systems than
conventional systems on the specified soil). Procedures beyond those provided in this
Guide may be needed to examine these kinds of relationships.

4.1.2 Identify Cooperators and Project Personnel

Cooperator participation

Cooperators and discipline specialists can provide valuable assistance throughout a
project. Collaborators can contribute expertise, resources, and personnel. Cooperators
may have access to laboratory services and data. To the extent possible, cooperator needs
with respect to dynamic soil properties and related products should be addressed. Basic
needs for soil survey include dynamic soil property data used in the development of soil
interpretations and ecological site descriptions. Other cooperator needs should be
identified to help focus project objectives and sampling design. If there are a number of
interested cooperators, a scoping meeting can be held to refine project objectives and
identify collaborator roles.

Identify cooperators and describe their roles on the Project Outline. As more details
become available about specific project personnel, add this information to the Workplan
Worksheet: Item 28.

Project supplements

Some cooperator needs may actually be questions (or hypotheses to be tested) that
require a research design beyond the scope of the procedures in this Guide. Experiments
involving manipulations and controlled treatments are examples. Partners may be able to
meet these needs by conducting research as a supplement to the comparison study
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project. Examples of questions that are not addressed by the procedures in this Guide
include:

e What are root-limiting bulk densities of soils with high amounts of volcanic ash?
How well do visual indicators relate to measured values?
What is the best time of year for measuring active soil carbon?
What causes the decline in productivity?
How many years of cultivation are required to form a plowpan?

4.1.3 Select Soils and Ecological Sites or Crop Management Zones to
Sample

Select soils and ecological sites to sample

Most projects will include one soil. The ultimate goal is to sample two or more states or
management systems within the same ecological site or crop management zone on the
same soil map unit component phase. When selecting soils to include in a project, place
an emphasis on those that can provide inferences for similar soils. Benchmark soils
(NSSH 630.02) and benchmark ecological site descriptions are good candidates. If staff
and funds are available, select multiple components in a complex, association, or catena
to aid in the development of landscape-scale interpretations. With respect to soil maps,
the procedures in this Guide apply specifically to phases of series. In areas mapped with
phases of higher taxonomic units, the procedures may apply if the same kind of soil can
be located for sampling, but caution should be used.

The suggested criteria for suitable soils and ecological sites include:

e Represent extensive kinds of soils, ecological sites, or crop regions.

¢ Include soil or vegetation dynamics that relate to priority resource issues.

e Represent soils that support important specialty crops or critical ecological zones.

e Support at least two contrasting land uses, plant communities, or management
systems.

e Have information on land use, including estimates of presettlement conditions and
length of time under current management systems.

e Select a wide area.

e Select soils that have similar morphology, even though they may classify
differently. For example, include soils that have a Mazama ash mantle of at least
12 inches and are moderately deep to a fragipan. Possible series include Kauder,
Threebear, and Helmer, which have slightly different ash mantle thicknesses.

Use resources suggested in Chapter 4, Step 1.4, to guide selections. Where possible,
comparison studies should be conducted on soils for which long-term study data are
available. Record the soil and ecological site selected for the project on the Workplan
Worksheet: Items 4 and 5. If relevant, the forest habitat type should be entered on the
Workplan Worksheet: Item 6. Although of limited availability, long-term study data are
helpful in interpreting results and understanding rate of change. Long-term soil
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ecosystem studies from around the world are catalogued online
(http://Itse.env.duke.edu/). Refer to this site for information about existing data.

Identify location of project

After the soil and ecological site have been selected, record information about the
location of the study area on the Workplan Worksheet: Item 7. Enter the Major Land
Resource Area (MLRA) and the Common Resource Area (CRA), crop management
zone, or other appropriate agency designations. Provide State and county names and their
corresponding Federal Information Processing Standards (FIPS) codes. Also provide soil
survey area names and symbols as well as information about the soil survey update
status.

4.1.4 Gather Available Data, Information, and Imagery

Obtain existing information and data
Existing information related to the project objectives and study area should be evaluated
and used to help select soils and ecological sites or crop management zones, prepare the
sampling design, and interpret project results. Basic information includes SSURGO (or
STATSGO) soil data, digital elevation models, Landsat or ASTER imagery (multiple
dates), temperature and precipitation data (PRISM, weather station, etc.), and surficial or
bedrock geology maps. Knowledge of historical land uses is helpful for interpreting
changes in soil and vegetation. Requirements for cropland management information are
discussed in Chapter 4, Step 4.1 and 4.2. Probable sources of information about historic
ranges of variability for the selected or similar soils and ecological sites include:

e Soil laboratory data

e Ecological site descriptions

¢ Recent and old imagery of the study area for documenting vegetation and land use
changes
Repeat photography for multiple years to show vegetation or land use changes
Historical land use information (recorded, expert knowledge, or anecdotal)
Maps of existing and historical vegetation
Published and unpublished literature on soils and vegetation of the study area
Long-term study reports
Studies on soil property variability
Interviews of persons knowledgeable in history, culture, archaeology, settlement,
and traditions

Review ecological site needs

On range and forest lands, the state and transition model for the ecological site will
provide a road map serving a number of purposes. It will be used to help verify suitable
sample locations in the field and explain the effects of management. It can also be used to
develop testable hypotheses for data analyses. Review the state and transition model of
the ecological site description for each soil under consideration to ensure that it includes
proper information about soil degradation in the transitions (see Chapters 2.2 and 5.3),
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and update it if necessary. If a state and transition model does not exist, work with the
appropriate discipline specialist (range, forestry, pasture management, or agronomy) to
prepare one prior to completing the design of the project. These specialists have expertise
in the development and use of ecological site descriptions and should be included in
project planning and implementation. Instructions for ecological site descriptions are in
the NRCS National Range and Pasture Handbook (available online at
http://www.glti.nrcs.usda.gov/technical/publications/nrph.html ) and the NRCS National
Forestry Handbook (available online at http://soils.usda.gov/technical/nfhandbook/ ).

In some cases, soil-site correlations may be in question. All soils correlated to an
ecological site are presumed to respond in a similar manner to similar disturbances.
Procedures in this Guide can be used to test this hypothesis by sampling a number of soil
phases correlated to a single ecological site. If differences in dynamic soil properties or
plant community data reflect differences in function, the soil-site correlation should be
reevaluated.

Review crop management zone model needs
To be developed.
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Step 2 Sampling Design

4.2.1 Review Elements of the Sampling Design

Purpose and content of the sampling design
The sampling design describes the details of a project so that project objectives can be
met. It includes the following information:

State phases or management systems

Soil map unit component phase

Sources of variability

Minimum, supplemental, and experimental properties
Time of year to sample

Methods

Sampling depths

Sampling requirements (see Chapter 4, Step 3)

N~ WNE

The project objectives and the selected soil and ecological site or crop management zone
are needed in the development of the sampling design. Record these on the Workplan
Worksheet before proceeding with this project step. Then follow the instructions in this
section and enter decisions on the Workplan Worksheet.

4.2.2 Select State Phases or Management Systems

Select the ecological states and state phases to sample

Refer to the state and transition model or cropland model for information about states,
state phases, and management systems that could be included in a project. Select the state
phases or management systems prior to selecting plot locations, and record them on the
Workplan Worksheet: Item 8. Depending on the objectives and resources for sampling,
include two or more ecological states or management systems in the project. For range
and forest lands, the primary focus will be on characterizing the reference state as
identified in the ecological site description. Select one state phase (plant community)
from within the reference state for sampling. For comparison purposes, the second state
phase should be selected from a different state. If the reference state or an attainable state
cannot be determined, states that represent extremes in condition should be sampled.
Plant communities of minor extent can be selected if replicate plots can be located. If the
minor community is of particular interest or is considered a reference area, a relict area,
or a good representation of the historic plant community, then including these
nonextensive areas in the project is recommended.
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Select cropland and pastureland management systems to sample

Once the primary crop management systems in a cropland zone are defined, the systems
become the pool of management systems that could be selected for a project. Record the
management system to be sampled on the Workplan Worksheet: Item 8. For cropland,
management systems that represent good and poor soil-building systems should be
selected. Include at least two. Ideally, soil property data gathered for the two selected
management systems should contribute information related to priority resource
management issues.

Guidance on when (what) to sample after a change in management

In addition to selection of the type of management system or plant community to sample,
the length of time since management has changed is an important consideration. Because
comparison studies will be used to document conditions that are possible or attainable,
sampling should be conducted on fields, pastures, or stands that are as near to steady-state
conditions as possible. Steady-state conditions include natural variation resulting from
short-term seasonal and daily fluctuations, but conditions should not be trending in one
direction over time. The time required to reach steady-state conditions varies by state
phase and management system. While no single recommendation can accurately identify
“when” a system is ready to sample, some general guidelines can be provided. For
cropland, sample 15-20 years or more after a shift in management, and for grassland,
shrubland, savanna, forest land, or abandoned cropland, sample when the plant
community has achieved a steady-state condition. These guidelines may not be applicable
to all properties or management systems. Refer to the examples illustrating how soil
properties or functional level can change over time (Figure 4.2-1). In the Minnesota
example, sampling near the end of the curve (>70 years) will produce the most relevant
information for documentation of attainable conditions. Changes that occur in additional
systems are discussed in Exhibit 4.2-1.

Figure 4.2-1 Level of Dynamic Soil Property or Functional Capacity After Change
in Management. Sampling should be conducted at steady-state (hatch marks) conditions
before or after changes in state phase or management system. a) Conversion from
conventional tillage to no-till. West and Post (2002) found that maximum SOC
accumulation occurred within 15 to 20 years after conversion to no-till. They report an
average increase of 0.6 kg m?. b) Secondary forest succession after field abandonment.
Curve from 1 to 80 years based on soil N level in a Minnesota chronosequence (Zak et
al., 1990). SOC followed a similar trajectory and increased from 1.25 kg m? to 2.10 kg
m? during the same period. c) Change from reference state after grazing and absence of
fire in a grassland system. Adapted from Tugel et al., 2005, based on data from Archer et
al., 2001. Archer et al., (2001) simulated a SOC reduction of 16% in a sandy loam and
29% in a clay loam over a period of about 50 years after the onset of heavy grazing and
fire suppression.
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4.2.3 Select the Soil Map Unit Component Phase

Define the target phases

The soils to be sampled were identified while the project scope was planned (Chapter 4,
Step 1.3). All map unit phases of these soils are not likely to be included in a project.
Furthermore, it may be necessary to include only a subset of mapped phases. Use specific
ranges of the phase or other features to define the target population that will be sampled.
Include ranges for such features as surface layer texture, slope, aspect, and elevation that
correspond to the unique capacity of the soil to function. Document these on the
Workplan Worksheet: Item 9.

For example, the same soil taxonomic unit may occur in a number of different soil map
units within an MLRA or ecological subregion. For some of these map units, the slope or
other phase designations may differ. In a hypothetical situation, the Alpha soil is mapped
with slope phases of 5-20, 15-30, and 15-50 percent in three different map units. Either
the full range or a more narrow range in slope can be selected for sampling. In this
example, Alpha soils on 5-30 percent slopes are correlated to the same ecological site
because they function in a similar manner. Alpha soils on slopes of greater than 30
percent cannot support the same plant communities as those on lesser slopes and are thus
excluded from the project.

Identify the selected map units and size of the target area

List all map units that include the target phase properties on the Workplan Worksheet:
Item 10. For range and forest land, include only soil map unit component phases of the
selected soil that are correlated to the selected ecological site. Compute the estimated
acres of the target soil map unit component phase over its full extent from the map unit
component percent and total map unit acres. The total acres of the target soil map unit
component phase within the study area represent the target population and area for data
application as well as the acres benefited by a project.

4.2.4 Estimate Sources of Spatial Variability

Consider three scales of spatial variability

Knowledge of the spatial variability of soil (Table 4.2-1) and vegetation properties within
the soil map unit component is helpful for developing an efficient and effective sampling
design. Three scales of variability, regional-, local-, and fine-scale, are considered in this
Guide. Record information on the Workplan Worksheet: Item 11 (A), (B), (C), and (D),
for each of the scales. First describe (A) features that are likely sources of variability and
(B) the degree to which each feature is presumed to affect the soil property. Then
describe (C) conclusions and (D) any special instructions for sampling. Refer to
additional instructions on the Workplan Worksheet and the sections below.
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Table 4.2-1 Expected Spatial Variability of Common Soil Properties Within
Landscape Units of a Few Acres or Less. (From Wilding and Drees, 1983)

Variability of property Property

Least Soil pH
Thickness of A horizon
Total silt content

Moderate Total sand content
Total clay content
Cation-exchange capacity
Depth to calcium carbonate equivalent

Most Solum thickness
Exchangeable hydrogen, calcium,
magnesium, and potassium
Soil organic matter content
Soluble salt content

Estimate regional-scale sources of spatial variability

Regional scale as used in this Guide refers to distances and areas large enough to include
the entire extent of the map unit. It encompasses environmental gradients that may occur
across all of its polygons within an MLRA, Common Resource Area, or other broad
geographic area. Information about sources of variability at this scale is used to 1) ensure
the various sources are captured through plot selection or 2) to restrict the target area to
be sampled. On the Workplan Worksheet: Item 11, identify the environmental factors,
including elevation, temperature, precipitation, and wind, that are the likely sources of
variability at this scale.

All environmental features vary to some degree. If the environmental features of the
target area extend beyond the concepts for the soil map unit component phase or
ecological site, it may be necessary to modify the study area. Either restrict the study area
or divide it into separate projects. For example, elevation was restricted in one project to
low-elevation areas only. High-elevation areas of the target map unit component phase
were excluded from the project. The remaining high-elevation areas could be studied in a
separate project if needed. Statistical inferences cannot be made to areas excluded from
the project.
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Estimate local- and fine-scale sources of spatial variability

Local scale refers to distances or areas represented by landform features within a single
map unit polygon. Sources of variability at the local-scale include physiographic features
that comprise the landform. These commonly vary within individual polygons and
include landform component, aspect, slope percent, and slope shape.

Fine scale refers to distances or areas with dimensions or radii of a few meters to roughly
20 meters. Fine-scale variability occurs across polypedons within individual plots.
Patterns of vegetation and soil microtopography within the plot may indicate variability
of near surface soil properties. Certain management practices may create fine-scale
features or patterns. Examples are shrub and intershrub patches on rangeland; skid trails
and soil surface displacement in logged forests; rows and furrows, terraces, and
compacted wheel tracks on cropland; and shade and water features on pastures. (See also
mircrofeatures and anthropogenic features of the Geomorphic Description System in
Schoeneberger, et al., 2002.)

Provide information about sources of variability at the local-and fine-scales on the
Workplan Worksheet: Item 11. Under special instructions, describe 1) the need to locate
plots or collect soil samples within a plot by individual strata (e.g., shoulder and back
slope; shrub and intershrub, or row and furrow) and 2) conditions to avoid at a soil
sample location.

Determine the need to stratify sampling

Stratified random sampling is a method that takes into account differing features (strata)
within the sampling area prior to sampling. For projects following this Guide, strata that
may be considered include those described as local- and fine-scale sources of variability.
For example, on hillslopes, the shoulder and backslope may be designated as different
strata. In another example, for plant communities that have repeating patterns of shrub
patches and intershrub patches, each kind of patch may be designated as a stratum.

Evaluate information about local- and fine-scale sources of variability to help determine
the need to stratify. Stratified random sampling is advantageous over simple random
sampling in situations where the soil properties respond very differently to the individual
strata. It also increases the sampling workload and the complexity of data analysis.
Record decisions related to stratified random sampling on the Workplan Worksheet: Item
11, under “Special sampling instructions.”

If plots or soil sample locations are not stratified, information about the features that are
likely sources of variability may still be useful for data interpretation. During sampling,
record these features for each plot and each soil sample location as indicated on data
collection forms.
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4.2.5 Select Soil and Vegetation Properties

Purpose of specific kinds of properties

Three kinds of properties are useful when soil change and the effects of management on
soil are characterized. Soil horizon properties, pedoderm features, and plant community
characteristics, where present, will be measured in each project. Descriptions of each
kind of property and their patterns are as follows:

e Soil horizon properties. These include physical, chemical, mineralogical, biological,
and hydrologic properties that reflect ecological processes, water relations, and
productivity. Properties of the forest floor also are included.

e Pedoderm features. These include such properties as soil surface stability and surface
crusts that characterize the air-soil interface (Mills and Fey, 2004). These are
important in descriptions of resistance to erosion and of air and water movement into
the soil and may be valuable for future remote sensing applications.

e Plant community characteristics. Examples include cover and plant community
composition. These characteristics can be considered in the development of
information about protection from erosion, soil productivity, biological diversity, and
hydrologic function.

e Pattern information. Pattern information, such as plant gap sizes or the pattern of soil
erosion is included to help describe processes, such as fragmentation of vegetation
and erosion, at the polypedon scale.

For more information on patterns, see Chapter 4, Step 2.4, under “Estimate local- and
fine-scale sources of variability.” In combination, the various kinds of data can be used to
help evaluate soil-plant interactions and the effects of management (Figure 4.2-2).
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Figure 4.2-2 Plant Community, Pedoderm, and Soil Horizon Properties and Their
Patterns. Examples of pattern in this figure include mound, intermound surface
topography and associated grass patches and bare spaces.

Selection criteria and the minimum data set

Because the cost of measuring every soil property subject to change would be very high,
only a few properties can be measured. Dynamic soil and vegetation properties included
in a project should meet a number of criteria.

e First, the properties should be sensitive to disturbances or management. The
properties could recover within a few hundred years in the absence of anthropogenic
disturbance or under proper management, or the change may be nearly irreversible.

e Second, the relationships between the properties and the processes or functions they
reflect should be clearly defined (Figure 4.2-3).

e Third, they should be relatively insensitive to daily or seasonal fluctuations in
environmental conditions of moisture, temperature, and light, or such fluctuations are
well-understood and can be quantitatively predicted.

e Fourth, they should be easy to measure accurately and precisely by different people
and by the same person at different times. Fifth, the cost and time, both in the field
and the laboratory, to obtain the required number of measurements is low.
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Figure 4.2-3 Relationship Between Key Functions and Some Important Dynamic
Soil Properties.
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In order to ensure consistency and comparability of data, a minimum data set of soil
properties for all land cover types is provided in the Workplan Worksheet: Item 12. It
includes dynamic soil properties as well as properties that may be relatively stable and
are important for interpreting dynamic soil properties. Dynamic soil properties of the
minimum data set include the following: soil organic matter, pH, EC, bulk density and
soil porosity, structure and macropores, aggregate stability, and total N. The properties
important for data interpretation will depend upon the kind of soil sampled and
commonly include soil horizon thickness, particle-size distribution, properties used in
lieu of texture, rock fragments, CEC, and mineralogy.

Supplemental and experimental properties

Some dynamic soil properties are functionally important for some but not all soils (e.g.,
SAR and forest floor carbon). Others are important, but do not meet all the criteria for the
minimum data set, commonly because of cost or limited reproducibility of the
measurement. Supplemental properties listed in the Workplan Worksheet can be included
if the benefits are high, if including the properties is cost effective, and if the data can be
effectively interpreted (Figure 4.2-4). Use caution when selecting properties that have
high spatial variability, such as infiltration and hydraulic conductivity. Such properties
require large numbers of measurements if mean values with the necessary level of
certainty are to be developed. Large numbers of measurements increase costs. For some
state phases, functionally important soil properties may not be included on the Workplan
Worksheet. These properties can be included if a standard protocol is available from
another source.
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Experimental properties are those for which the relationship between the property and the
function they represent is poorly understood or the method is not standardized. A number
of biological properties can be considered experimental. Include these properties if they
meet unique partner objectives, funds are available, and a specialist is available to
interpret the data.

Record both supplemental and experimental properties selected for a project on the
Workplan Worksheet: Item 13 and describe the justification for including properties not
in the minimum data set.

Figure 4.2-4 Selecting Supplemental and Experimental Properties. Include only
those properties that are functionally important and easy and cost-effective to measure.

Select vegetation properties to measure

In addition to soil properties, vegetation properties will be measured where a plant
community is present. Select the minimum data set table for the appropriate land cover
type from the Workplan Worksheet: Item 14. Add supplemental or experimental
properties if they are needed and their benefit/cost ratio is high.

Soil Change Guide: Procedures for Soil Survey and Resource Inventory
Version 1.1, 2008



Chapter 4. Planning and Conducting a Comparison Study 11
Step 2. Sampling Design

Identify desired environmental conditions and time of year to sample

Many properties fluctuate seasonally (Chapter 5, Table 5-2). Schedule the time of year
for sampling on the basis of desired soil moisture and temperature conditions and plant
growth stages. Biological soil properties often vary in response to the plant growth stage.
Consider critical times of the year for plant identification and for residue and production
measurements. If sampling is extended over more than one year, sampling should be
conducted at the same time of year (unless the project objectives require a comparison of
seasonal differences). Record desired conditions and the time of year to sample on the
Workplan Worksheet: Item 15 .

4.2.6 Select Standard Methods and Laboratory Services

Use standard methods

Use standard methods for soil and vegetation sampling. Appropriate field methods as
well as the sources for acquiring the methods are described in the Workplan Worksheet:
Item 14 and Appendix 3.

Laboratory analyses can be performed by any professional laboratory that uses standard
methods similar to those in the Soil Survey Laboratory Methods Manual, Soil Survey
Investigation Report No. 42, Version 4.0. Make arrangements for funding and numbers of
samples with the appropriate laboratory before sampling begins. Suggested laboratories
include the NRCS Soil Survey Laboratory, university pedology laboratories, Forest
Service Research Stations, and USDA Agricultural Research Stations, as well as private
laboratories. Identify laboratories that will be used on the Workplan Worksheet: I1tem 16.
Request assistance from the NRCS Soil Survey Laboratory to determine appropriate
analytical procedures and special handling and shipping requirements. Samples for most
biological soil analyses should be kept cool in the field and during shipping.

Identify layers and depth to sample

Procedures in this Guide use a combination of prescribed depths and actual horizon
depths for sampling. Sampling by horizon provides the greatest flexibility in reporting
results. Horizon data can be reported directly or converted to a per cm basis and used to
compute weighted average values for any specified layer (e.g., 0-10, 10-25, 25-40, or
0-40 cm). Sampling at standard depths however, is more efficient and repeatable.

The description and thickness of the horizons themselves are important for interpreting
the data and commonly help to reveal differences. On the other hand, many practices
promote a surface build-up of organic matter in the first few centimeters of all but tilled
soils. Collecting a thick A horizon as one sample will not allow this important difference
to be observed. To overcome this limitation, the A horizon at the mineral surface soil will
be divided and sampled except in soils that are cultivated every year. Follow the
instructions for sampling layers and horizons (Appendix 3.5). For each project, identify
the horizons and layers to sample on the Workplan Worksheet: Item 17.
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Using the same lower depth or mineral soil thickness for all pedons within a project
simplifies data analysis and interpretation. The arbitrary figure of 40 cm was selected to
minimize the time spent on soil excavations and descriptions. If functionally important,
60 cm may be established in the sampling design. In particular, a depth of 60 cm is
appropriate if the effects of management on the hydrologic soil group are important. In
semiarid and arid systems, 25 cm may be an adequate sampling depth. Approval from the
MLRA Office Leader, State Soil Scientist, or someone in an equivalent position is
required for a sampling design that uses a depth other than 40 cm.

Sampling and reporting data by prescribed depths

The objectives of the data collection, skill levels of sample collectors, and time available
for sampling should be considered when the choice is made to sample by horizon versus
prespecified depths. Standard prespecified depths can be used in special projects or where
technicians or other non-soil scientists collect the samples. Approval from the MLRA
Office Leader, State Soil Scientist, or someone in an equivalent position is required.

Select horizons to analyze

Most soil properties will be measured for all layers that are sampled. Exceptions include
biological soil properties and a few others (see Workplan Worksheet: Items 12 and 13).
Data from 2 or more layers will enable interpretation of the vertical distribution of soil
properties and identification of changes in that vertical distribution. Stratification ratios
are an example of this type of interpretation (Franzleubbers, 2002). For each soil property
to be measured, identify the corresponding layers for which they will be measured on the
Workplan Worksheet: Items 12 and 13.

Comprehensive soil characterization

Comprehensive soil characterization data should be developed for one pedon representing
each state phase (not each plot) unless appropriate data already exists. This representative
pedon should be sampled to a depth of 2 m or to bedrock. Record information for existing
pedon data and comprehensive characterization needs on the Workplan Worksheet:

Item 18.

Determine amount of sample needed for analyses

The amount of sample collected for each layer sampled depends on the analyses
requested. For comprehensive characterization by the SSL (Burt, 2004), collect the
standard 3 kg (3 gt). For analyses limited to dynamic soil properties, collect only 1.5 kg.
Include this information in the summary for Workplan Worksheet: Item 17.

Exhibit 4.2-1. How Long Does it Take to Reach Steady-State Conditions?

Some information regarding the time required for cropland to reach steady-state
conditions has been developed through long-term studies. The cultivation of forest or
grassland can lead to a rapid loss in functional capacity. Soil organic carbon can decline
by 20% to 40% within a decade (Davidson and Ackerman, 1993). Cultivation may lead to
rapid changes, but areas with changes in tillage practices or reestablished vegetation may
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take decades or more to reach a new steady-state. Conversion from conventional to no-
tillage systems can slowly increase the functional capacity of the soil. For instance, in a
comprehensive review of carbon sequestration rates, West and Post (2002) report that the
majority of soil organic carbon changes occur within a period of 10 to 15 years following
conversion to no-till. Changes in crop rotation can also change levels of SOC. The effect
of the change and the period during which that change takes place, however, are much
more variable than for systems converted to no-till. West and Post (2002) speculate that
slow increases in soil organic carbon may continue for 40 to 60 years.

Steady-state conditions may be harder to pinpoint in systems that have experienced major
shifts in management and plant communities. On abandoned farmlands, functional
capacity may initially decrease then increase over long periods of time. Zak et al. (1990)
report increasing levels of soil C and N more than 70 years after fields have been
abandoned in Minnesota. Richter et al (1999) found a similar trend in soil organic carbon
concentrations after reestablishment of loblolly pine in South Carolina. In such cases,
sampling should be done as near to steady state as possible.
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4.3.1 Use Statistically Based Sampling Requirements...........cccccevvveveevieieesesiesneennn. 1
Sampling
Sampling requirements
Sampling units, replication, and mean values

4.3.2 Determine Plot Type, Size, and EIemMents..........cccccevieveeiiiic v 2
Select plot type and size
Select plot elements

4.3.3 Determine Sample Position and Numbers of Samples ..........cccoceiiininiinnnnnn 2
Determine position of plots and samples
Estimate numbers of plot replicates and soil sample locations
Number of plots (plot replicates) and samples per plot to get started
Compute total number of samples to be collected

4.3.4 Assign Sample Identification NUMDErS...........ccooeviiiiiiieie e 5
Assign identification numbers for plots, sample locations, and samples
Assign sequence numbers to each layer sampled

Figures

Figure 4.3-1 Observable Patterns and Stratified Sampling

atthe Fine Scale. ... 3
Figure 4.3-2 Example Identification Number for Horizon Number 1

Collected at a Unique Soil Sample Location Within the

Perennial Grass-Shrub PIot. ..., 6
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