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Sundav. June 2

11:oo - 5:oo

l:oo

GPS Navigation Field Trip -
Mapping for Site Specific Management Demonstration

Registration: Foyer of Atrium

Depart from Grantree Inn parking lot

Mondav. June 3

8:oo - 12:oo Registration: Foyer of Atrium

- Chuck Gordon - Moderator

9:oo - 9:15 Opening Remarks
- Chuck Gordon, Conference Chair, Natural Resources

Conservation Service, Bozeman, MT

9: 15 - 9:25 Welcome by Natural Resources Conservation Service
- Dick Gooby, State Conservationist, Bozeman, MT

9:25 - 9:35 Welcome by Montana State University
- Thomas McCoy, Dean, College of Agriculture,

Bozeman, MT

9135 - 9:45 Welcome by Bureau of Land Management
- Fran Cherry, Associate State Director, Billings, MT

9:45 - 9:55 Welcome by Forest Service
- Dave Garber,  Forest Supervisor, Bozeman. MT

9:55 - 10:30

10:30 - 10:45

Break

Agency Reports

Natural Resources Conservaion  Service
- Jim Culver, NSSC,  Lincoln, NE

10:45  - ll:oo West Regional Agricultural Experiment Stations
- Paul McDaniel, Moscow, ID
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ll:OO- 11:15

11:15 - 11:30

11:30 - 11:45

11:45  - l:oo
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Bureau of Land Management
- Bill Ypsilanti&  Coeur dlrilene,  ID

Forest Service
- Walt Russell, Washington, DC

National Park Service
- Larry Pointer, Fort Collins, CO
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Agency Breakout Sessions

Tuesday. June 4

- Chien-Lu Ping - Moderator

8:00 - 8:20 Richard Arnold, Washington, DC

8:20 - 1030 Panel Discussion - Heavy Metal Contamination
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10:30 - 11:45 Yellowstone National Park Soil Survey
- Henry Shovic. Ann Rodman. En’c Compas. Mike Wilson

11:45 - 1:15 Lunch

1:15  - 2:15 Committee Breakout Sessions

2:15 - 3:15 Committee Breakout Sessions

3:15 - 3:45 Break

3145 - 4145 Committee Breakout Sessions

6:30 - 9% pm Buffet Mixer: Atrium

Wednesday. June 5

Yellowstone National Park Field Trip - Park issues and soil
response; hydrothermal soils; landscape analysis; and natural
contaminants

7:30 am - 6:30 pm Busses depart from Grantree Inn parking lot at 7:30 am



Ttmrsdav. June 6

- Christopher Smith - Moderator

8:00 - 8:30

8:30 - 9:20

9:20 - lo:oo

JO:00  - IO:30

10:30 - 11:oo

ll:oo - 11:45

11:45  - l:oo

- Gary Ford - Moderator

l:oo - 3:oo

3:oo - 3:30

3:30 - 4:00

4:00 - 4:30

Natural Resources Health--What Signature Will We Leave?
- Dorothy Bradley, Montana State University, Water

Resource Center, Bozeman. MT

Soil Health
- Robert Mew&e, Forest Service, Portland, OR and

Cathy Seybold, Natural Resources Conservation Service,
Corvallis,  OR

NASA Mission to Planet Earth - Remote Sensing Products for
Soil Survey

- Jerry Nielsen, Montana State University. Bozeman, MT

Break

NCSS Work Planning - Brainstorming Session

Long Term Soil Productivity
- Deb Dumroese, Forest Service, Moscow, ID

Lunch

Poster Session: Atrium
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Interagency Partnering Success Story--Owl Mountain
- Scott Davis, Bureau of Land Management, Lakewood, CO

Rangeland Health
_ Mike Pellant. Bureau of Land Management, Boise, ID
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Fridav.  June 7

- Bill Ypsilantis  - Moderator

8:OO - 8:30 NASIS (National Soil Information System)
- Mike Hansen, Natural Resources Conservation Service,

Bozeman. MT

8:30 - 9:00 Soil Taxonomy Report
- Bob Engel.  Natural Resources Conservation Service,

National Soil Survey Center, Lincoln, NE

990 - 10:30

10:30

10:30 Business Meeting

190 Conference Steering Committee Meeting

Committee Reports

Adjourn
- Chuck Gordon, Conference Chair, Natural Resources

Conservation Service, Bozeman, MT



Panel Discussion
Heavy Metal Contamination

Members:

Tom Keck,  Natural Resources Conservation Service

Pat Plantenberg, Department of Environmental Quality

Doug Dollhopf, Montana State University

Troy Smith, Golden Sunlight Mine

Committees

Committee - Soil Health/Quality

Charges:

a. Develop interagency soil health definition
b. Propose criteria for field assessment
c. Propose standard methods for measuring
d. Define inherent potential of soils

Committee - Future Marketing Strategies

Charges:

a. Develop educational strategies to promote public interest in soil health (youth groups, schools,
and land users, both public and private)

b. Develop a catalog of available soil educators
c. Compile sources of available soil education tools

Committee - Research and Development

Charges:

a. Identify and prioritize soil research and development needs related to NCSS roles
b. Opportunities for meeting R & D needs (eg. sources of funding, collaborative agreements) within

new organizational structures

Committee - Riparian Soils

Charges:

a. Develop definition of riparian soils
b. Propose interagency criteria for field mapping of riparian areas
c. Propose methods to identify riparian areas using existing soils data
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Welcome

by Richard J. Gooby, State Consetiationist,  Natural Resources
Conservation Service, Bozeman,  Montana

Welcome to the great state of Montana. We are pleased to host
the 1996 Western Regional Cooperative Soil Survey Conference.

1 believe meetings like this are important to develop and
continue a cooperative effort that began in the 1930s. The National
Cooperative Soil Survey initiative was the first of its kind.

in my estimation, the Cooperative Soil Survey process is leading
the way when it comes to cooperating and working together to reach a
common goal.

Within the Natural Resources Conservation Service, we rely on
soils information to give us our most basic data needed for natural
resource planning. Other groups and agencies also rely on soils data
for natural resource planning, development, and management. The
information that you generate is vital.

Because of this, the need to cooperate is critical.

A concern I hear about often is the duplication of work
conducted by federal and state agencies, universities, and other
groups. This cannot be said for the NCSS. I believe you have long
served as an example of an excellent cooperative effort. I challenge
you to continue this collaborative process.

I hope you have an effective session. What you discuss and
decide will have far-reaching effects for my agency - and everyone
else involved in natural resource planning. Good luck.



Welcome

FRAN CHERRY
Associate State Director
Bureau of Land Management

Montana, North & South Dakota
Billings, Montana

I want thank you for inviting me to speak at your conference and
to extend to you, a BLM thank you and welcome to Montana. I'm
quite pleased to be here and I look forward to this National
Cooperative Soil Survey (NCSS) conference. I congratulate you on
selecting the timely and important topics: Soil health/quality
and Riparian mapping.

Montana is truly the "Last Best Place" with some of the largest
unspoiled areas, and a great untamed river- The Yellowstone,
National Parks, majestic mountain ranges, and wilderness areas.
The Beartrap Canyon, on the Madison River just west of here, is
BLM's first Wilderness area dedicated in 1984. Dramatic
elevation ranges in the state are illustrated by Granite Peak, at
12,799 feet on the North edge of the Beartooth Plateau, to 1820
feet at the Idaho border NW of Libby. You will see and perhaps
visit some of the Absaroka or Beartooth area on your field trip
to Yellowstone Park.

But let's not forget about the Eastern two-thirds of Montana;
The Northern Great Plains, with its isolated mountain ranges,
wilderness areas and immense, diverse and breathtaking prairies.
Closer inspection reveals many surprises about the land and
people.

One third of Montana is Federally owned. The Bureau of Land
Management administers about 8 million surface and 38 million
subsurface mineral acres in the state. This land encompasses a
wealth of natural and historical resources that represent a
National treasure to be passed on to future generations.

Major populations of deer, antelope, elk, moose, game birds and
Rocky Mountain bighorn sheep inhabit and are dependent upon BLM
land for habitat.

Recreational use of public lands has provided new challenges in
recent years. BLM is cooperating with the Bureau of Reclamation
on managing the Canyon Ferry. This area contains wide diversity
of wildlife, a highly productive trout fishery, and public
recreation. New programs, such as watchable wildlife, block
management and BLM's Back Country Byways, are expanding.

In northwest Montana, the potential exists for the listing of the
bull trout as a threatened species. This would have a major
impact on land,management activities within its habitat.



Wolf reintroduction into the Greater Yellowstone may have far
reaching and long term impacts not yet fully understood.

The Clean Water Act amendment of 1987 placed additional emphasis
on nonpoint source pollution control by requiring BLM and FS to
meet state standards.

PART 2

The Bureau, like other agencies, is currently in the midst of
reorganization, downsizing and reduction of staff, as well as
trying to modernize for a technological future. Teams and team
leaders are being developed to address and implement the many
issues BLM encounters. Retirements, buyouts, adjusting to
reduced budgets constantly changes team membership slowing
progress.

Public land administration has come a long way since the
inception of the BLM in 1946. BLM's 50th birthday is just 43
days away on July 16.

Demands on the resources are ever
increasing and becoming more diverse. Laws and regulations that
must be complied with are far reaching, more complex and
controversial than they were just a few years ago. The
challenges that face public servants are considerable.

Management of various programs, such as soil, water, range,
wildlife, forestry, minerals, lands, recreation, and others, has
been the traditional means of administering the wide array of
resources and uses of the lands the BLM administers. However,
the emphasis is shifting towards a more holistic management of
entire ecosystems.

The soil surveys that you people have completed on most of the
private and public lands in Montana now needs to be utilized to a
much higher degree. New initiatives will require the assessment
of the quality or health of soil, water, and vegetation.
Assessments will, at times, need to be made quickly and sound
data will increase the accuracy. The data that in NCSS data
bases will go a long way in providing that accuacy.

From everyday mail to electronic data bases providing for working
GIS systems, technology is becoming the answer for a better
understanding of how to manage the issues. Recent changes in
organization, staffing and budget of all agencies has made this
concept and application of the automated resource data even more
valuable to the nation. These changes should bring about a
closer and more frequent working relationships between the
agencies. Your scheduled committee discussions tomorrow will
provide the valuable insight and produce the needed definitions,
and develop the lists of criteria for riparian mapping.

One effort that comes to mind is the Interagency Technical Teams



effort to develop a common ecological map. This effort clearly
indicates that common resource data systems such as the National
Soil Information System (NASIS) that Mike Hansen will discuss on
Friday are critical to resource issues. The vast amount of
field, research and monitoring data must be integrated into any
assessments for wise management of our natural resources.

The consistent standard attributes needed to delineate area's or
provide data for the l'issue'l at hand. National data bases can
and will be used to provide for a faster, consistent, less
expensive method of producing maps or information for
professionals and managers alike to address resource issues.

These two multi-scale spatial mapping programs will be used more
and more in the future. The use will vary from national and
regional planning efforts for STATSGO, to small watersheds with
several land managers for SSURGO.

PARTNERSHIPS:

BLM is and has been a NCSS cooperator in the inventory of western
forest and rangeland resources for many years. I know that you
are aware of Bill's efforts as an active promoter of NCSS's
adjustment to address future needs. The BLM looks forward to
maintaining this involvement and particularly in the use of
natural resource data by electronic methods.

Partnerships are often easy to establish, but require on-going
support and involvement to sustain. Successful partnerships are
"win-win" situations that require give-and-take from all
involved. The successful partnerships that have sustained the
NCSS will be one cornerstone for the future. Cooperation between
Federal and state agencies, user and conservation groups is
essential to success.

Rangeland Reform has had a profound impact on the workload of the
BLM. Here in Montana the creation of four Resource Advisory
Councils and selecting representatives from the public to advise
BLM on Public land initiatives will have positive influences on
complex resource issues.

Ecosystems and "resource parts" need to be consistently assessed
and managed across political and agency boundaries. However,
that does not mean management of private land will be dictated by
Federal agencies. BLM in Montana and the Dakota's administer
leases and permits to some 4400 operators. This represents about
23 % of the BLM's total. Hopefully, we can work together with
private land owners to build consensus about making good land
stewardship decisions that will benefit all interested parties.

The basic resources, Soil, Water, Air and Vegetation will
continue to be integral to our understanding of terrestrial
landscapes, relationships, processes and thus ecosystems. Much
of the species richness and diversity of ecosystems is



encompassed in the soil mantle. We need to discover more about
how our management of the land impacts these and other
components. Our prosperity and ultimately our very survival may
depend upon the answers to these questions.

In closing, I'm confident that you will determine and agree on
the needed definitions; determine the necessary criteria for an
interagency field assessment of soil health and field mapping of
riparian areas.

BLM and I wish you an enjoyable and productive conference, Thank
YOU.
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Reorganization and restructure of our respective Federal and State agencies since our last excellent
combined West and Midwest Regional Cooperative Soil Survey Conference at Coeur d’Alene, Idaho have
been significant. This morning I would like to share with you the current organizational structure of the
Soil Survey Program within the Natural Resources Conservation Service. I would also like to highlight a
few current soil survey activities and the purpose, tbmst,  and processes of the Soil Survey Division as we
collectively strive to maintain a highly productive and responsive National Cooperative Soil Survey
Program (NCSS).

I - Reorganization within the Natural Resources Conservation Service

CNRCS)

By now most of you are aware that Dick Arnold, Director of the Soils Division for a number of ::ears,  has
been selected to be Special Assistant to ChiefPaul  Johnson on Soil Science. Dick’s new title will be
“Senior Soil Scientist.” The vacancy announcement for the Director of Soils Division is currently being
advertised in both the Federal and university sectors.

Six Regional Offices now provide a wide variety of support to the states. Seventeen Major Land Resource
Area Officer have been established and staffed to conduct the business of soil survey production. Quality
assurance and manuscripf  editing responsibilities for soil survey production have been reassigned from the
National Soil Survey Center to MYRA  and Field Soil Survey Project Offices.



The following is an overview of the functions performed at the I) Soil

Survey Project Office, 2) MLRA Region Office, 3) State Oftke, and 4)

National Soil Survey Center. Soil Survey Project Office Functions --
Soil Series development and maintenance
Manuscript and publication development
Soil investigations and special studies
Soil performance and data collection
Interdisciplinary coordination
Project soil survey planning and management
Soil survey mapping qualify control
Evaluate, maintain, and update soil surveys

MLRA Region Office Functions --
Database development and maintenance
SSURGO and STATSGO  development and maintenance
Manuscript edits
Publication generation (multi-media)
Final correlations
Provide data for regional interpretations
Coordinate with other disciplines to integrate soil databases with other resource databares
Program planning and management
Develop budgets and staffmg plans
Quality assurance and oversight
Coordinate with regional, State, NSSC offices, and NCSS cooperators
Develop memorandums of understanding
Provide technology transfer and training to project soil survey offices

State Office Functions --
Program  planning and management (technical soil services)
State NCSS cooperator liaison
Coordinate with MIXA region offices
Coordinate cost-share agreements
Technical soil services interdisciplinary technology transfer
Supervise technical soil services soil scientist
Market soils information
Disseminate data to internal and external customers
Obtain customer feedback
Serve on interdisciplinary teams on the  state level
Develop and maintain technical guides, i.e.. hydric  soils lists, HEL list, etc.
State level support for FSA appeals
NRCS program quality assurance and oversight
Develop memorandums ofunderstanding
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National Soil Survey Center Functions --
Soil Classification Development
International services
National database management and development
NASIS development r&d support
NCSS research
Technology transfer
National soil survey leadership and strategic planning
National standards development and maintenance
National policy development
Soil characterization/investigation support
Soil interpretations criteria development
Global climate project management

II - Soil Survey Division Activities

Seven priorities are identified in FY96 by the Soil Survey Division. These priorities are 1) Soil Survey
Database Quality, 2) Implementing the New Soil Survey Struchxe, 3) NASIS, 4) Soil Survey Publications
Backlog, 5) Develop Alternative Products, 6) Scanned Soil Surveys on CD-ROM, and 7) Soil Taxonomy.

Training continues to be a major component of the NSSC. Some highlights are: I) Soil Science Institute
will be held at the University of California, Davis..

Dr. Randy Southard  will lead this activity. Three  sessions of Advance Hydric Soils planned this year. A
new course , Soil Technology, Measured and Data Evaluation. will be offered this year. A second course,
Soil Technology for program and Application, is scheduled for FY97.

Dr. Bob Ahrens  is leading our project to update Soil Taxonomy. We axe on course to have this document
published before International Soil Science meetings in Paris in 1998.

Recent publications, in addition to the traditional Soil Survey reports, include Soil Survey Laboratory
Interpretations Manual, SSlRNo. 45; Soil Survey Laboratory Methods Manual, SSIRNo. 42; and a series
of information sheets on soil quality.

A major agency initiative is to get all current soil surveys digitized to FGDC standards. In FY96 funding
was earmarked for digitizing 155 state-identified priority soil swey areas.

The State Soil Scientists are now responsible for the use of soil survey information in the states. This
provides a focus for activities designed to improve the data and providing more customer-driven products.

III - Purpose, Thrust and Processes of the Soil Survey Division

The soil (pedosphere) is the thin,  critical interface between the earth and the atmosphere, supportinp.  much
rCt% ?e.zcs?ric!  life of the planet, tilrcr’mg  much of the rxer we drii, and cataiyz’mg  many of the
chemical transformations upon which we depend. Knowledge about characteristics of soils and soil
interactions with other factors helps people predict and conbol  the influences of human and natural
phenomena as we seek to create a “Productive Nation in Harmony With a Healthy Land.”



The NCSS helps people understand soils and their responses to a variety  of natural and human influences.
It accomplishes this through a multi-purpose, science-based soil survey. NCSS products are:

(I)

(2)
(3)

Information about the distribution and properties ofsoils  and of factors affecting the soil
environment
Predictions of soil behavior and of the natural systems of which they are a part, and
Guidance on how to apply the accumulated koowledge of soil survey.

1. Enhance the Quality of Soil Survey Information

a. Continue hERA Approach to Soil Survey - Erase Political Fault Lines and Fill in Voids in Data.
b. Add Use-Dependent and Temporal Soil Property Data for Soil Horizons.
c. Create One Soil Survey For All U.S. Lands.
d. Create and Maintain National Staodards  for Soil Survey.

2. Accelerate Application of Soil Survey Information

8. Develop Soil Survey Interpretations (R&D, NASIS,  Training).
b. Create Technical Soil Services Program - State Soil Scientists in 34 states.
c. Provide Training to Develop Soils and Soil  Survey Technical Skills ofField Office Staff.
d. Digitize 2,500 Soil Surveys by the year 2000.
e. Re-engineer Publication Process.
f. Develop NCSS Role in Soil Quality Assessment (Baseline Indicators and Soil Condition Index).
g.. Republish Soil Taxonomy.

3. Create Easy Access to Soil Survey Information

a. Provide a National and International Soil Data Access Facility (WWW/MTERNET).
b. Provide a National and International Soil Data Capture and StandardizatisLt  Software  (Windows

Pedon).

4. Aggressively Apply New Technology in Soil Survey

8. Develop Remote Sensing Techniques for Soil Survey - ERDAS.
b. Develop GPS, GPR,  etc. - Field Tools for Soil Survey.
c. Develop GIS  - Select/QuerylReportTools  for Soil Survey.



C-SlrooarrinP-
1. Create a NCSS Research and Development (R&D) Agenda.

a. Develop a Comprehensive Listing of R&D Needs for NRCS and Pahers.
b. Select and Prioritize NSSC R&D Activities from NCSS R&D Agenda.
c. Leverage NCSS R&D Agenda to Increase and Strengthen Partnerships and

Accomplishments.

2. Develop and Maintain a National Soil Information System (NASIS)

a.. Create NCSS Software Tools.
b. Create a NRCS and NCSS Networked Information System.
c. Integrate Data From Other  Agencies and Institutions.
d. Maintain and Manage 17 Integrated MLP.A  Natural Resource Data Bases

3. Provide for Resource (Human and Financial) Development

a. Develop Leadership, Project Management and Team Skills of NSSC, MYRA,  State, and Field
Office Soils Staff.

b. Increase Diversity within Soil Science Discipline.
c. Increase Funding for Mapping, Digitizing, Technical Soil Services, and Soil Survey Laboratory -

Investigate sale of products  and services.

4. Increase National and International Policy Influence.

a. Monitor Soil Resource Condition and Trends and Draft Policy Recommendations
b. Continue Active Outreach in International Organizations.
c. Ensure  that Soil Survey Staff Remain in International Demand.

5. Ensure Political Support for Soil Survey.

a. Develop and Implement Continuous Customer Feedback Process
b. Actively Market Producrs and Services.

6. Ensure Scientific Credibility of Soil Survey.

a. Graduate &dies of field staff.
b. Sabbaticals (national and international)
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BUREAU OF LAND MANAGEMEN:’ Rl:PORT
Bill Ypsilantis, BLM, Coeur d’Aler  e, 1,‘)

I’m very pleased to be here in front of you today to give this ELM reps rt. Actually, I’m dam
lucky to be here at a time when you have to practically ask per,niss’on  10 tn vel to the
restroom. You can see by the BLM attendance that some of oui soi.s  people  weren’t so
fortunate. Having hosted the last regional conference in Coeur  d’Ale.te,  1 loo.: forward to
doing my small part to help promote BLM participation in the Nr tion 11 C mpt rative Soil
Survey.

This is a time of rapid and sometimes confusing changes. We havr’ bec’n  tlroulh endless
rounds of reorganizing, downsizing, rightsizing and, by some opinic  as, lieear cap: izing.

We have been through two furloughs where we were told we’re non-,  !sset\tial  em1 loyees.
However, as stewards of well over two hundred million acres of publ,  c lard, i fee’ that our
role to preserve and restore the health of the land for future generatiox s is ver) cri ical
indeed.

We still face daunting budget constraints and the threat of RIPS. Some statIs  dt’von  ovet
80% of their budget to personnel. It’s hard to get much done on the pro md with tho,;e
skewed numbers. So personnel adjustments will continue.

Budget limitations have cut deeply into the Bureau’s soil activities. Soil : urv:y eirort, are at
a low ebb. However, some innovative new inventory methods have been :mplemented I
will say more about those in a minute.

In the Bureau the roles of leadership are changing. Our Washington office 1, as t een
reorganized into teams and no longer has a physical soil presence. Bill Volk at ihe 1 lomana
state office, serves as the National soil lead with respect to coordination of tl e activities.
The miles between him and DC. presents a challenge in communication.

The Denver Service Center has evolved into the National Applied Resource Sci :nct s Cc nter
or NARSC. Sounds like a branch of the ATP doesn’t it? Al Amen serves as ot e 01’ the
Bureau’s senior soil technical leads and still has about 100 irons in the fire  in this ne H
organization.

Many of the state leads in soils are multi-hatted individuals with numerous other I rogr ams to
coordinate. Their background may or may not be in soils. Their  highest priority tray ,rr nay
not be soils.

Many field soil scientists find  their workload and even titles shifting  or evolving. Sitme have’
become Natural Resource Specialists with many duties and emphasis outside of soils.

I mentioned that soil survey in the Bureau is winding down. However, efforts to enhance
existing surveys for new interpretations and needs are ongoing in several states. Al AI len is
ssisting Utah and Wyoming, among other states in utilizing Informix  and imagine  soft vart



and GIS systems to create overlays of satellite imagery, DEMs,  soils and geology maps. An
integrated landscape analysis approach is used to portray soils, geology, vegetation
communities, hydrology and other landscape features as needed.

Riparian ecological site inventory and soil mapping is ongoing in Alaska, Oregon, and other
states. Various approaches are being used to accomplish these inventories including the line
segment mapping technique. Our National Training Center is providing several riparian
inventory training sessions throughout the West with a strong soil emphasis,

The major emphasis with regard to soil survey is in the assimilation of the vast amount of
data already collected into a more useable  format. The formidable task of digitizing of soil
surveys is progressing in several states. Cooperation between BLM and NRCS has enabled
this work to progress at a steady pace. The conversion of previously digitized soils
information from the BLM’s  MOSS system to ARCINFO is another step that must be
accomplished. Finally, the databases for the soil surveys must be linked to the spatial data in
order to be able to realize our long term goal of being able to automate our massive soil
survey information resource base so that we can readily access, manipulate, and integrate this
information in a user friendly environment so that it will be readily available to any manager
or resource specialist who needs this information for our resource management decision
making process.

The Bureau’s rangeland health initiative is ongoing. Each state is in the process of
developing rangeland health standards and guidelines in cooperation with the Resource
Advisory Councils within the states. These citizen councils representing the wide scope of
users of public land are serving as advisors to the BLM in the management of the resources
on public land. These rangeland health standards and guidelines have as their cornerstone the
indicators of soil function and health.

Rangeland soil guidelines are in the initial stages of development with an emphasis on
rangeland function and health. We are working jointly with NRCS and ARS in this effort
Part of this effort is work with the NRCS soil quality team in Akron, Colorado.

The Bureau is working with NRCS to foster cooperation in use of the National Rangeland
Inventory for assessing range health. Modifications of this process are being discussed to
accomodate  field testing and qualitative range health assessment.

In closing, I wish to point out the increasing need for partnering and cooperation between
Federal agencies, and in fact with agencies at all levels of government and private
organizations. The National Cooperative Soil Survey is a shining example of this type of
partnering and is in a unique position to carry this cooperation into the future.



FOREST SERVICE REPORT - by Walt Russell

The USDA-Forest Service includes four Deputy Areas: Research, State and Private Forestry, International
Forestry, and the National Forest System. My remarks today refer chiefly to the National Forest System.

The National Forest System is comprised of about 192 million acres of publicly owned lands, including 155
National Forests, and 20 National Grasslands. One hundred-one (65%) of the National Forests, 10 (50%) of
the National Grasslands, and about 164 million acres (85%) of the total acreage of public lands in the National
Forest System, lie within the Western Region of the National Cooperative Soil Survey.

The Forest Service is committed to the principles of ecosystem management, or an ecologlcal  approach
to natural resource management.

An ecological approach means basically that our main locus is on the long-term condition and sustainability
of ecosystems, rather than on single reources,  or short-term production of goods and services. We still
produce goods and services - such as wood products, forage for animals clean water, recreation use,
minerals, wilderness experiences for people, etc. -_ but each resource and each use, individually, is subservi-
ent to the larger goat of ecosystem management.

A major component and a prerequisite of our ecological approach to management is the Ecological Unit
Inventory. An Ecologlcal  Unlt is defined as a mapped unit of land that reflects inherent capability, based on
a combination of geo-climatic, physical, and biological factors -_ soil, Geology, geomorphology, climate, and
potential natural vegetation.

An Ecological approach requires various analyses and assessments across a range of scales, To facilitate
muttiple  scale analyses and assessments, we have a framework for mapping Ecolgicat Units at different
scales. It’s called the National Hlerarchlcal  Framework of Ecological Unlts.

The National Hierarchical Framework of Ecological Units is a regionalization, classification & mapping system
for stratifying the earth into progressively smaller areas of increasingly uniform ecological potentials. It is a
structure to facilitate the mapping, display, and intepretation of Ecological Units at different spatial scales, to
respond to different levels of planning and information needs,
(See figure 1).

We are moving more and more toward expanding our Soil Resource Inventories into Ecological Unit Invento-
ries. Ecological Unit Inventories should, and we hope to soon have official direction that they must, incorpo-
rate all soil inventory/soil survey standards. At the same time, we are becoming more sensitive to the
standards that other disciplines have for ‘their’ factors (e.g. geologic, geomorphic, vegetative community,
etc.). in order to broaden the cross-discipline credibility of these inventories as ecological unit inventories,

I found it particularly gratifying this past year to see the amendment to the National Soils Handbook,
incorporating procedures for correlating Ecological Units info the National Cooperative Soil Survey. This is
an excellent example of agencies working togetherto achieve a common goal. I’d particularly like to commend
Neil Peterson, Darrell Schroeder, Chad McGrath, Cam Loerch, Terry Bowerman, Terry Svalberg, Kimberly
Johnson, Dennis Lytle, Tom Collins, and any others unnamed, that worked to develop this amendment, and
get it incorporated into the National Soil Survey Handbook.



Figure 1:
the NATIONAL HIERARCHICAL FRAMEWORK OF TERRESTRIAL ECOLOGICAL UNITS

ECOREGION:

DOMAlN  _ global scale - millions of square miles (1:30,000,000  or smaller)

DA’ISION - continental scale - 100,000s of square miles (1:30.000.000  to 1:7,500,000)

PROWNCE  - 10,000s of square miles (1:15,000,000  to 1:5,000.000)

ECO-SUBREGION:

SECTfON  - 1,000s of square miles (1:7,500,000  to 1:3.500,000)

SUBSECTION - 100s to 1.000s of square miles (1:3,500.000  to 1:250,000)

LANDSCAPE:

LANDNPEASSOClATlON  (LTA) - 1,000s of acres (1:250,000  to 1:60,000)

LAND UNIT:

LAND TYPE  (LT) . 100s of acres (1:60,000  to 1:24,000)

UNDNPE  PHASE (LTP) _ less than 100 acres (1:24,000  or
larger)

The Natlonal Interagency Memorandum of Understanding to work toward a Common Spatial Framework
of Ecologlcal  Units was recentfy signed by the heads of nine Federal agencies: Natural Resources Conserva-
tion Service (NRCS),  Bureau of Land Management (BLM), Forest Service (FS), Environmental Protection
Agency (EPA), Geological Survey (USGS), National Biological Service (NBS), Fish &Wildlife  Service (FWS).
National Park Service (NPS), and Agricultural Research Service (ARS). This effort grew out of a 3-agency
commitment signed 2 years ago by the heads of the (then) SCS, FS, and BLM. The ultimate goal is to unity,
or at least fully coordinate three existing frameworks: (1) the National Hierarchical Framework of Ecological
Unhs. used by the FS; (2) the Major Land Resource Area - Land Resource Region (MLRA-LRR) framework
used by NRC% and (3) the ecological region framework used by the EPA. The MOU says, really, that we are
not supposed to do Ecosubregion mapping and MLRA revisions independently of each other.

Although  the three spatial frameworks were originally designed to serve somewhat different objectives, we
are finding that the more we work together across agency lines to flesh out our objectives, the more
commonalfty  of objectives we are discovering, and the more coincident map unit  boundaries are beginning
to emerge. The Interagency Steering Committee and Interagency Technical Team to develop the Common
Spatial Framework of Ecological Units are meeting this week in Sioux Falls, South Dakota.



PROGRAM TRENDS

We have coverage of spatial soils information of some kind over nearly all of our National Forest System lands.
Much of it, however, is in need of updating to bring it up to current standards and/or make it detailed enough
to meet current and near-future needs for land capability-response predictions and assessments. Working
toward filling this need, we have maintained an annual level of about 5 to 6 million acres of EUI/SRI mapping
for about the past 5 years.

Our soil scientist workforce (which makes up less than 1% of our total workforce) peaked at about 260 about
1960, then slowly declined to about 175 in 1986. then rebounded to about 200 in 1993, and now is again on
a downward trend. Our current workforce in soil science is about 200, but with only about 175 to 160 actually
doing soils work. We find ourselves today in a situation of increasing competition for declining funds and
staffing levels, Our hope for survival lies with working with other disciplines to insure integration of vital soils
knowledge, skills, and abilities into ecological resource management programs, and continually domonstrate
the essential contributions to our common objectives that we as soil scientists make every day.

Fortunately our Chief and Deputy Chief are aware of and concerned about the erosion of technical skills in
our work force, in soil science and other fields. They share this concern because they understand the
necessity of maintaining a talented, dedicated workforce that is skill-diversified as well as culturally diversified,
in order to meet our agency’s resource management and Conservation Leadership responsibilities. Soil
Science has been and must and will continue to be an essential component of that skill mix.

OTHER ACTIVITIES:

Soil scientists in the Forest Service are involved in a host of activities beyond soil survey and ecological unit
inventory. To name just a few examples:

information/Data management: We are continuing with the development of an interactive soil and
ecological unit inventory data base (SORIS). We’ll probably change the name to something like
Terrestrial Ecological Classification, Inventory and Monitoring Information System (TECIMIS) to reflect
the more integrated ecological inventory and analysis components. It has recently been beta-tested,
and is expected to be available for use later in June. We have worked hard to insure commonality of
data elements with the NASIS, and also with the Common Survey Data Structure (CSDS) being
developed by the Forest Service to house all Natural resource plot data.

Soil Quality activities: The Pacific Northwest Region held a workshop dealing with soil quality and
ecosystem health in April, 1995. It was attended by more than 100 people from FS, NRCS, BLM, BIA,
and others. We are very interested in increasing our involvement in Soil Quality and Ecosystem Health,
particularly from perspective of Forest and Rangeland soils.

Monitoring: We are required to monitor environmental effects of management activities on lands that
we manage. The National Long-Term Soil Productivity (LTSP) Study is designed to develop Soil Quality
Standards to use in monitoring. Some preliminary results from the LTSP are beginning to emerge. I
look forward to Deb Dumroese’s presentation on Long Term Soil Productivity on Thursday.

Soil Management Support: Soil Scientists have always (at least for the past 3Oyears)  been most valued
in the FS for what we call ‘Soil Management Support Services’ _-that is, a mostly informal one-on-one,
case-by-case consultation service for resource managers on the ground, for soil-related problems that
arise in day-to-day resource management activities,



Legal requirements: To name just a few examples: The Organic Act of 1897 established the forest
reserves to be managed ‘for the greatest good for the greatest number in the long run’. The Multiple
Use-Sustained Yield act of 1960 requires that the National Forests be managed for a sustained yield
of goods and services in perpetuity. The National Forest Management Act of 1976 requires that
National Forests be managed to sustain or improve long term productivity of the land. The Clean Water
Act puts limits on water pollution from land management and land use activfties  as well as other
sources. The National Environmental Policy Act requires Federal land management agencies to
assess the environmental consequences of their proposed land use and management activities. We
in the Forest Service take great pride in the vital role our soil scientists play in helping insure that we
meet our legal and moral responsibilities to insure sustainability of ecosystems and a quality environ-
ment.

CONCLUSION:

The Forest Service has been a member of the National Cooperative Soil Survey for many years. We are
pleased to be a part of this organization. and expect to continue this relationship for the forseeable future.
Thank you for inviting me here.



Mapping Soil Impact Classes on Smelter Affected Lands

T. J. Keck.  D.E. Strom, B.D. Dougherty and R. Burt

Impacts of past mining and smelting activities add to the complexity of mapping soils. In Deer
Lodge County, Montana, nearly 100  years of smelting metal ores, primarily copper, has had a tremendous
impact on the countryside surrounding the tow of Anaconda Estimates of smelter emissions near the turn
of the century include 59,270 pounds of arsenic trioside, 4,775 pounds of lead and 5,083,600  pounds
combined of sulfur dioxide and sulfur trioside  per day (Harkins  and Swain, 1907). Exactly how much
metal and acid contamination was generated during the entire period of smelter emissions; 1884 to 1980,
remains questionable. Without a doubt, the amounts were staggering.

One of the primar)  purposes of any soil survey is to provide accurate interpretations about the
potential use and management of soils within the survey area Impacts from smelting and related activities
effect virtually eveq  major soil interpretation. Foremost are human toxicity concerns. Standard
interpretations for building site development, construction material, water management and recreational
development all become suspect if soil materials used contain high concentrations of metal contaminants
potentially to.&  to humans.

If human toxicity is the top concern, then effects on vegetation are a close second. Changes in
vegetation include altered species composition of plant communities, reduced plant gro\+ti,  lost vigor and
poor overall plant health Uptake of heavy  metals by plants creates secondary toxicity concerns for
animals, including man, that consume those plants or consume other animals from those areas. Crop
yields, capability classification, woodland, windbreak and range interpretations are all directly impacted by
changes in plant growth  potential. Wildlife habitat suitability decreases as the plant community
deteriorates. Finally, lack of plant cover increases the potential for soil erosion. For all the above reasons,
the Deer  Lodge Soil Survey must address the impacts of past smelting activities on land resources (i.e.:
changes in soil potential) or risk being irrelevant to the major land use and resource management issues of
Deer Lodge  County.

Environmental Deeradation

Deposition of heav metal and acid contaminants were not the only impacts of smelting activity.
Hillsides were denuded of vegetation during the early period of ore smelting as nearly every tree for miles
around was cut for cordwood  to fuel the smelters. Tens of thousands, maybe even hundreds of thousands,
of mules were used to haul that cordwood  to the smelters. According to accounts of the period, mules were
loaded with wood and then turned loose to graze the hillside on their way back to the smelters. Extreme
overgrazing by mules and other domestic livestock resulted At the same time vegetation was being
stripped from the hillsides, metal and acid contaminants were limiting germination of new plants.

With the bare hillsides came extreme soil erosion. It is not uncommon to find entire slopes where 2
to 3 feet of the original soil profile has eroded away. Bare ground provides an open invitation to noxious
weeds such as spotted knapwed,  Russian thistle, Canada thistle, whitetop  and lea@ spurge. These wed
species are quite tolerant of high metal concentrations in the soil and today infest many of the surrounding
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hillsides as well as much of the valley floor. In some areas, soil contamination has created do&n-slope  seep
areas due to “contamination fallowing” in a manner similar to the formation of saline seeps in crop-fallow
regions. In other areas, severe sheet erosion has resulted in armoring of the ground surface with gravels,
cobbles and stones because soil material from around these rocks has either blown or washed away. Plant
seeds or other propagules  in these areas would have to tirst  reach the soil surface before they could become
established.

Metal Contamination and Plant Communitv  Relationships

Apparent impacts from past smelting and related activities do not correlate well with  the current
concentrations of heavy metals found in soils around the Anaconda area Sites with exceedingly  high total
metal concentrations may show very little direct physical evidence of impact either in the plant c~mmuttity
or in soil properties measurable in the field. Six soil characterization sites were sampled and analyses were
run for trace metals and arsenic as part of the Deer Lodge Soil Survey. Characterization and trace element
analyses were conducted by the National Soil Survey laboratory at Lincoln, Nebraska. Three of the six
soil characterization sites, show little direct evidence of metal contamination, yet, all of the sites had
significantly elevated total concentrations of lead, arsenic, copper and zinc (data to be published). High
levels of extractable (DTPA) lead were also found.

For example, characterization site# I was sampled in an apparently healthy lodgepole pine stand.
This site had the second highest surface concentration of arsenic at 961 parts per million (ppm) and the
highest extractable (DTPA) lead concentration of 49.8 ppm. Characterization site #6 is currently used as
productive irrigated hayland.  This site had the highest total concentration of lead (957 ppm) and zinc
(1890 ppm) in the surface of the 6 sites sampled. The vegetative plant community at characterization site
#4 shows greater influence due to soil salinity than due to any influence of metal contaminants. The top O-
3 centimeter depth at this site has total concentrations of 28 1 to 397 ppm lead, 854 to 857 ppm arsenic,
858 to 976 ppm copper and 510 to 739 ppm zinc. These three sites would in general not be identified as
contaminated based on standard field mapping procedures if viewed out of context from the surrounding
landscapes and the local history. Universally accepted standards have not been set for threshold metal
concentrations of contaminated soils. To put the above values in context, however, Holmgren et al. (1993)
reported average values for total metal concentrations of 10.4 ppm lead, 15.5 ppm copper and 41.1 ppm
zinc in surface soils based on 2771 samples across the United States. In a separate study, total arsenic
concentrations were repotted to vary from 0.3 to 38 ppm for several hundred non-contaminated soils in the
United States, Costa Rico, and Puerto Rico (Williams and Whetstone, 1940 in Taskey, 1972).

On the other extreme, some of the most extremely impacted, highly eroded areas may have
relatively low concentrations of metals remaining in the soil profile. Contaminated topsoil in these areas
has long since washed and bloom  away. Metal contaminants are not readily leached dovmward  into soil
profiles and so remain primarily in surface horizons. Since the source of airborne contamination has been
eliminated, many actively eroding hillsides may have been at least partially stripped of their metal
contaminants. Metals that were there have by now have been washed or blown further down the watershed:’
into the draws, out onto the valley floor and along the floodplain. While much of the original
contamination may be gone so is much of the original soil resource. The net impact remains of greatly
reduced  productive potential for the land.

Soil oH Relationshios

The available data contradict a previously held notion that soil pH could be used as an indicator of
metal contamination. While two of the characterization sites had low surface pH’s associated with high
metal concentrations, hvo other sites had neutral to strongly alkaline surface soil pH values even though



they have comparably high concentrations of metals. The remaining two characterization sites had only
slightly acid conditions at the surface. These mixed results concur with numerous other field observations.
While low soil pH often occurs in conjunction with metal contamination, pH alone cannot be used as a field
test for the presence or absence of metal contaminants.

Plants are affected by metal contaminants more by how “available” or active those metals are in
the soil than by the total concentrations in the soil. Lead pipes in a home present a reasonable analogy.
The lead in the pipes does not hurt you, only the portion that gets into the water can cause problems. In
general, a direct relationship exists between soil pH and metal availability: the lower the pH (more acidic),
the greater the availability of metal contaminants in the soil. The reverse also holds true as metallic ions
become less available at higher pH (more alkaline). A house with low pH water may have problems with
lead leaching into the water supply while a house with neutral or alkaline water will not have a problem.
Unfortunately, arsenic does not generally behave in such a predictable fashion.

Metal contaminants themselves have little effect on soil pH. It is the sulfur compounds that were
emitted from the stack along with those metals that have caused the soil acidification often associated with
smelter impacted soils. Soils vary in their ability to neutralize acids and thereby buffer pH. Calcium
carbonate or lime in the soil presents the most obvious source of natural “buffering” capacity. Many other
compounds, however, both in the soil organic matter and in the mineral portion, can similarly buffer soil
acidity to varying degrees.

As acids in the soil become neutralized, soil pH goes up and the availability of metal species goes
down The metals themselves have not gone away. In part, this is why metal concentrations cannot be
mapped on the basis of soil pH alone. Concentrations of metal contaminants still have major impacts on
soil interpretations even when they become  less available in the soil. Interpretations based on human use or
physical contact with the soil, such as use as playgrounds or homesites, continue to present health concerns
when the availability ofmetals  in the soil is low. Wildlife species that live in close contact with the soil,
such as moles or ground squirrels, will also continue to be significantly impacted as will certain metal-
sensitive plant species.

Imoact  Classes

During the past summer and fall, we mapped smelter affected soils in upland areas of Deer Lodge
County on the basis of impact classes. Three broad classes of soil impact were used. Differences among
classes relate primarily on the severity of past erosion at a site and observable differences in plant
communities. These classes are broadly defined so they can be included as part of an order 2 soil survey
using standard soil survey techniques and so they can be consistently recognized in the field. The classes
used were slightly, moderately and severely impacted All three impact classes represent uniquely different
soil interpretations from non-impacted soils.

Severelv  lmuacted

The severely impacted class corresponds to those areas most dramatically affected by past smelting
activities. Massive amounts of soil erosion have occurred on most of these areas. One or more soil
horizons may be entirely lacking from soil profiles or may be represented by only relic remains. In extreme
cases, nearly the entire soil profile has eroded away. Most of the ground surface is bare and gullies are
common on steep hillsides.

Only remnant portions of the native plant community remain in severely impacted areas. In other
areas, the native plant community has been completely lost. Where ground cover does occur, weedy
species predominate which are highly tolerant of metal contaminants. Severely impacted soils occur within



an area of intense past smelting activity and have historically received extreme amounts of metal and acid
deposition from smokestack emissions. Many of these areas still contain high levels of metal contaminants
in the soil although extreme erosion may have removed much of the contamination from some areas. The
productive potential of the land and soil health has been greatly reduced.

Moderately impacted areas in rangeland  contain good ground cover of generally palatable plant
species for livestock. While significant soil erosion may have occurred, soil horizons are reasonably intact.
Metal tolerant species, such as basin wild rye, redtop,  and aspens, dominate the plant community.
Components of the potential native plant community may be present but are generally restricted to species
tolerant of acid conditions and/or  metal contaminants, such as Oregon grape, juniper, or woods rose.

Coniferous forests, where present, are largely devoid of typical understory  plant species. Sensitive
species like he&leaf  amica,  wild strawberry, or rough fescue are absent. In some forested areas, all
understory plant species are absent. High levels of metal contaminants exist in the uppermost soil
horizon(s) and the productive potential of the soil has been reduced although not nearly to the extent as in
severely impacted areas.

Vegetative composition in moderately impacted areas is fairly consistent at low elevations, i.e.:
areas with a frigid soil temperature regime. Basin wild rye generally dominates the site with redtop,
rabbitbrush and scattered conifers (Douglas-fir, limber pine and rocky mountain juniper) as common
components in the plant community.  Weedy species are also quite prevalent. Plant community
relationships are more complex for higher elevation moderately impacted areas, At higher elevations, more
of the native plant species are adapted to the naturally low soil pH conditions Thus, acid contaminants
have had less of an impact on species composition in these areas The absence of certain key indicator
species appears to be the most dependable criteria for identifying moderately impacted soils in high
elevation areas.

Sliehtlr  Impacted

In slightly impacted areas, the native plant community has either reestablished itself or is showing
definite signs of moving in that  direction, Good ground cover protects the site and even plant species
sensitive to metal contamination are becoming reestablished Some components of the native plant
community may still be absent but, in general, the natural processes of water and mineral cycling,
succession and energy flow are functioning well. Productivity of timber and rangeland resources is at or
near expected levels based  on the land’s potential prior to disturbance.

We might conclude that the “availability” of heavy metal contaminants have reached an
equilibrium with the ability of the biotic systems to tolerate and cycle them. Significant concentrations of
metallic compounds remain in the soil but they no longer appear to be disrupting the physiology of plant
species growing on the site. High concentrations of metals are, for the most part, restricted to the top
several inches of soil.

Areas of slight impact are defined on the basis of regional physiographic boundaries that would
have acted as barriers to smokestack emissions. Slightly impacted soils include all soils within the area
affected by smelting that do not fall within the severely or moderately impacted classes. Physiographic



features such as mountain ridges, hills or divides provide logical boundaries for affected areas. The
prevailing winds have to be considered to determine boundaries at different directions from the smokestack.
Additional soil characterization sampling can then be used to determine the effectiveness of these
physiographic  boundaries.

Our initial sampling for metal contaminants in Deer Lodge and Silver Bow Counties did not extend
far enough out to reach beyond the plume of smelter emissions. All of the sites sampled in both counties
had high total concentrations of metals in the topsoil. Some potential boundaries for the impacted area
surroundiig  the Anaconda smelter include Feeley Hill along I-15 south of Butte, low hills near Gold Creek
in Powell County to the north, and mountain passes south of Anaconda along highway 273 towards the Big
Hole River and highway 1 towards Georgetown Lake. Further sampling for heavy metals would need to
extend beyond these boundaries.

Soil Interpretations for Sliehtlv  Impacted Areas

Severely and moderately impacted soils require the use of separate soil phases to capture
interpretive differences. Different soil phases should also be used for slightly impacted soils to separate
them from non-impacted areas. In slightly impacted areas, significant changes in the productive potential
of the soil or vegetative resource may not be apparent. As a result, many agronomic interpretations will not
be different behveen slightly impacted soil phases and their non-impacted counterparts. Other human use
interpretations, however, such as use for playgrounds or homesites, would be effected by the presence of
high concentrations of metals in the soil surface,

Our data strongly suggest that all soils within the affected area have significantly elevated levels of
metal contaminants within the topsoil. Metals in the topsoil, even when they are less bioavailable, still
present a threat to human health, especially for young children who may come in close contact with the soil
while playing. Dust from blowtig  soil probably creates the greatest potential hazard. Metal compounds
attached to dust particles are readily inhaled by both people and livestock. Previous studies in Deer Lodge
County have found contaminated dust on plants eaten by grazing animals to be a significant source of metal
ingestion by livestock (Rice and Ray, 1984). This source of metal contamination occurs even while the
plants are effectively excluding heavy metals from their above ground tissues. Wildlife species who
burrow in the ground are also likely to ingest metal contaminants directly from the soil,

Remcdiation efforts for slightly impacted areas would be aimed primarily at human use activities
such as homesite or recreational development but could also apply to cropland  areas. The goal of
remediation vvould  be to limit human and animal exposure to metal contaminants. Practices to accomplish
this include deep plowing to dilute contaminants, liming to reduce their availability and maintaining good
ground cover to avoid direct contact with the soil and to reduce dust problems. Sensitive areas like
playgrounds or new schools might need to haul in clean soil materials to further dilute or cover metal
contaminants. All of these practices represent important soil interpretations that would be lost if slightly
impacted soils are lumped together with existing non-impacted soil types.

Field Mapoine  Trials

During the past field season we mapped soils for most of the severely impacted and many of the
moderately impacted areas in Deer Lodge County using the above criteria for impact classes. We were
able to communicate ideas and reach good agreement on what constituted severe, moderate and slight
impact classes despite working in quite different environments. The use of impact classes provided
mappable concepts which could be applied on a landscape scale and which resulted in significant
interpretive differences among classes.



As with any classification scheme, bounda~  problems exist where portions of the landscape
appear to fit behvcen  classes. Good communication among soil scientists and sound professional judgment
can go a long way towards alleviating such potential problems. Setting more quantitative class limits
which provide definitive endpoints between classes would also help but would require collecting additional
field data to determine reasonable threshold values. Setting a matium percentage of bare ground for
moderately impacted areas is one example of quantitative criteria that could  be developed

Care should be taken to avoid setting up additional classes to handle intermediate cases. While
more classes add to precision in mapping, they greatly increase the complexity of class definitions and the
difficulty with which concepts can be consistently applied to diverse Landscapes The level of refinement
we can currently provide in soil interpretations does  not justify this extra effort.

Three classes of soil impact have been  identified and mapped in Deer Lodge County to address the
effects of past smelting activities on soil resources. Impact classes are mappable at a scale consistent  with
other map unit criteria used in an order 2 soil survey. Concepts can be uniformly applied by different soil
mappers provided good communication exists among members of the soil survey crew.

The use of 3 classes closely parallels many soil interpretations where soils are rated for slight,
moderate or severe limitations for a particular land use, e.g.: septic tank adsorption fields or various
building site interpretations. impact classes correlate well with differences in reclamation strategy and with
the expected response of the plant community to various management options. Specific soil interpretations
can be drawn for each impact class which are uniquely different from interpretations for the other impact
classes and from those of non-impacted soils. For these reasons, we have adopted the use of soil impact
classes for soil survey mapping in both the Deer Lodge and Silver Bow County Soil Surveys. We are
currently working with the Northern Rockies MLRA staff to develop specific land use interpretations for
these classes. This approach to mapping wntaminated  soils could be easily adapted to other soil survey
projects in areas where similar soil contamination problems exist.
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Heavy Metal Contamination
And The National Cooperative Soil Survey

Personal Introduction

I am a Reclamation Specialist with the Montana Department of
Environmental Quality (MDEQ), Reclamation Division, Hard Rock
Mining Bureau (HRB) in Helena, Montana. The HRB regulates th:
mining hard rock mining industry in Montana under the Metal Mine
Reclamation Act (Title 82, Chapter 4, Part 3, Montana Codes Anno-
tated). We regulate all hard rock mining in Montana, except on
Indian Trust lands.

As a Reclamation Specialist with MDEQ, I am responsible for
reviewing applications for new operating permits, as well as a-
mendments to existing mining operating permits. I must review
the application and conduct an environmental analysis to ensure
compliance with the Montana Environmental Policy Act (Title 75,
Chapter 1, Part 1 and 2, Montana Codes Annotated). I also in-
spect operating mines for compliance with the operating and rec-
lamation plans.

The major part of my work is reviewing the soil and vegeta-
tion baseline work, soil salvage plans and proposed reclamation
plans. We specify use of existing National Cooperative Soil
Survey Reports as well as more detailed Order 1 and 2 site spe-
cific soil surveys conducted to USDA specifications.

I don't have time to do soil surveys or to verify soil sur-
vey work for each project. I depend on the quality of work con-
ducted by you- the soil surveyors. I have successfully defended
the National Cooperative Soil Survey when challenged by mining
companies who were upset about the quantity and qualities of
soils we were asking them to salvage. I commend you on the qual-
ity of your work and ask that you keep up the high standards.
The soil survey simply makes my job easier. Thank you.

Heavy Metals in MDEQ Mining Soil Surveys

The public does not understand the natural distribution of
heavy metals, especially in mining districts. Soil metals are
typically not measured unless the soil pH is below 5.5. This
sampling is used to document the potential metals in soils that
may influence plant growth in reclaimed profiles. In recent
years, MDEQ HRB have been asking for more baseline evaluation of
soil metals to document the natural background values at these
mineralized sites. This is because of confusion by the public



that lowered pH and elevated levels of metals in some soils must
be from man caused pollution. We have been trying to document
natural acid rock drainage and metals deposition at these miner-
alized sites. We have also been trying to document the natural
metals accumulations in baseline soils such as Fe, Mn, and Al
commonly measured in some forested soils. In mining districts,
backgrounds levels can be elevated for many metals. The presence
of coniferous vegetation and the resultant acidic litter on the
forest floor can contribute to accumulation of metals in various
soil horizons. These and other natural examples of historic
heavy metal accumulations need to be documented in the soil
vey (i.e. presence of ferrocrete). We have had acidic seeps

s,"r-

develop in topsoil stockpiles from decomposition of coniferous
vegetation.

The BRB recommends use of land application of excess water
from the mining operation to prevent surface water discharges.
Stormwater and detoxified process solutions are discharged onto
the soil surface relying on the natural soil's attenuation capac-
ity. The EPA has identified the amount of metal than can be
applied to soil in various applications, such as for deposition
of municipal sewage sludge. The rates are usually controlled by
the soil organic matter content, clay content, and cation ex-
change capacity (CEC). Baseline soil studies in the area have
shown the presence of soluble metals in soils from historic smel-
ter emissions.

Silver Bow County Soil Survey

What do we need in a soil survey in Silver Bow County? The
largest historic mining and processing complex, as well as the
largest current mining complex in Montana is located in the
Butte-Anaconda area. It is the largest Superfund site in the
us. The survey would provide a baseline to document status of
soils in the county wide area. The survey could document the ex-
tent of some soil problems county wide. The survey could iden-
tify potential baseline soil conditions which we could try and
reestablish on reclaimed areas. The survey would provide valu-
able information on sources of reclamation materials for use in
county wide cleanup of contaminated areas. It is my opinion that
baseline metals sampling should be part of this data base.

There is a lot of information being generated in the area
because of Superfund litigation. The soil survey is a respected
base of scientific information not biased by lawyers rebuttals
and judges opinions. Superfund studies will concentrate on most
directly impacted areas. The soil survey can provide us with a
background of information on the entire county. The soil survey
should use EPA sampling protocols to insure the compatibility of
all the data being collected.
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Historical perspective on Mining and Processing Contamination in
the Area

The Butte-Anaconda area has significant amounts of land
disturbance both direct and indirect. Cleanup to date has con-
centrated on the most serious direct land disturbances near the
mining and processing areas. Cleanup has also concentrated on
the contaminated waterways downstream.

Air pollution has resulted in significant amounts of heavy
metal contamination from volatile metals (i.e. lead, cadmium,
etc.) rising out of the stacks. Fallout from the stacks prod::ced
an acid rain effect on area soils. Many surface soil layers have
acid surface layers with an increase in heavy metals. Vegetation
on these areas has been reduced to acid tolerant plants. Areas
even farther away from the pollution sources can contain poten-
tially important amounts of heavy metals even though the vegeta-
tion community may not show the effects.

Current Superfund Studies

Superfund studies have generated significant amounts of
valuable data on soil metals in the area (see references). Liti-
gation by MDEQ as part of the Natural Resource Damage Program has
concentrated on use of total soil metals values to document the
extent of damage. MDEQ lawyers have rebutted the Principal Re-
sponsible Parties (PRP's), (i.e. ARCO) arguments that other meth-
ods such as extractable metals should be used because plant com-
munities don't necessarily reflect effects from total metals
values measured at many sites. The court date in the case has
been set for January, 1997 (G. Mullen, MDEQ-NRDP. Personal com-
munication. May 31, 1996).

MDEQ Studies

The MDEQ Abandoned Mine Reclamation Bureau completed an
assessment of abandoned mined sites across the state in 1994.
(Abandoned and Inactive Mines Scoring System (AIMSS).1994. MDEQ,
AMRB, Helena, MT). Then they tried to evaluate cleanup priori-
ties for abandoned mine sites based on totals metals values in
soil. They reviewed cleanup guidelines based on total metals
values used in other states and federal programs and concluded
that they were not usable. They opted to use a risk based as-
sessment of metals (Vie Anderson, President National Association
of Abandoned Mine Land Programs and Bureau Chief MDEQ, AMRB,
Helena, MT. Personal communication, May 29, 1996.)

The MDEQ Abandoned Mine Reclamation Bureau completed their
Final Report Risk-Based Cleanup Guidelines for Abandoned Mine
Sites in February 1996. In their report, they concluded on page
98, that their may be reasons for selecting cleanup guidelines
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that differ from the risk based guidelines in the report. One of
the reasons was background.metal  concentrations may differ from
the risk based metal concentrations. Site reclamation may be
directed at achieving background metal concentrations. Back-
ground conditions are considered to be naturally occurring con-
centrations of metals (i.e. metal concentrations that occur in
areas uninpacted by nine wastes or tailings ). The potential
health risks posed by background concentrations of metals are
considered to be generally acceptable.

Following US EPA guidance documents published in 1989 and
1992, the MDEQ report concludes that the upper confidence lin;ts
of the mean concentrations for background soils may be used as an
alternative set of cleanup guidelines for metals in soils at
abandoned nine sites. I contend that background metals values in
mineralized areas surrounding active or abandoned mine sites may
be subject to those sane conclusions. The soil survey could give
us cone of those background metal values.

The MDEQ report analyzed antimony ,arsenic, barium, cadmium,
chromium (as III), cobalt, copper, cyanide, lead, manganese,
mercury, nickel and zinc. On page 101, the measured maximum val-
ues at abandoned mine sites di,d not exceed the cleanup guidelines
for most metals. The report concluded that the primary contani-
nants potentially requiring cleanup at abandoned mine sites may
be antimony, arsenic, cadmium, copper, lead and manganese. In
addition, only the median arsenic concentration in soil/waste
exceeds the cleanup guidelines for the recreational use popula-
tions evaluated in the report. This suggests that arsenic may
represent the primary contaminant representing excees health
risks at 50% of the abandoned mine sites. The report uses con-
servative estimates to rank risk based on recreational use of the
abandoned mine sites. The report cautions on page 164 that
health risks to a residential population may require more conser-
vation cleanup guidelines.

Other Soil Surveys in the Area

The soil survey for Deer Lodge county, which is adjacent to
the Silver Bow county area and also heavily impacted by historic
smelting pollution and tailings deposition, has been completed.
The survey used an impact classification system based on ero-
sion,amounts of bare soil, and dominance by acid tolerant vegeta-
tion species. Attempts to correlate the observed impact classi-
fication with limited soil metals measurements (as totals or
extracts) could not be achieved at the level of sampling. In
other words, some of the areas classified as only slightly im-
pacted by soil metals based on observed effects on vegetation,
still had high levels of total and extractable metals (T. Keck,
personal communication. May 31, 1996).
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Metals Sampling Needed In Silver Bow Survey

Despite this lack of correlation in the Deer Lodge survey,
area land managers need these baseline metal values as well as
the extent of observed surface pollution effects. No survey has
been conducted across the entire area documenting area soils in
the detail that a soil survey will provide. And with the addi-
tional work and sampling, an initial metals baseline could be
established for the soil horizons identified in the various soil
mapping units.

Natural as well as elevated background metal values in a-ea
soils should be documented. Often only a surface layer of metals
and acidification has been sampled. The soil survey would pro-
vide the first general survey of metals in the entire county for
all soil horizons. Metals values commonly are reported in total
ppm. This value may or may not be relevant as the metal could be
complexed in the soil and not be available to plants or be solu-
ble for transport to groundwater. The survey could provide a
valuable tool to show the historic influences of area mineraliza-
tion and other natural soil forming processes on soil background
values. If totals as well as extractable metals are run, EPA
protocols should be used. If plant tissue metal analyses are
run, EPA protocols should be used as well.

Future of The Silver Bow Area

The future development in the area looks promising with
recreation and continued development to alternate non-mining land
uses. Coniferous forests were removed in the area for timbers
and firewood etc. Aspen groves are spreading over the foothills.
The conifers are reestablishing in the altered soils under as-
pens. Natural reclamation is occurring as fast as possible. Man
can speed up the process.

Mining continues to be important in the area. But a larger
portion of the future mining will be for reclamation materials.
Cleanup has begun and more resources are being devoted to looking
for suitable borrow sources to reclaim disturbed areas. We not
only have operating permits in the area for the active copper and
molybdenum mine, but also for sand and gravel, clay, quarry rock
for rip rap lined channels and limestone. Exploration continues
for other sources of materials. The survey could help pinpoint
some additional surficial geologic and soil materials appropriate
for various uses in the cleanup efforts.

Special Soil Survey needs

Special land use classifications may be needed to direct
housing growth into uncontaminated areas.



The standard soil pedon to 60 inches should be expanded in
certain parent materials to the total depth of the sampling e-
quipment to help identify sources of reclamation materials, (i.e.
alluvium, colluvium, loess, glacial till, clay layers, sand,
limestone, etc.)

Some of the same control research sites being used in EPA,
Forest Service or BLM studies in the area should be used. The
entire county needs the survey.

'An Order 3 soil survey uses slope criteria generally based
on agricultural equipment. Slope classifications should be c:
changed to reflect the non-agricultural future of the area. Some
considerations of slope based on land use:

-mulch holds on slopes up to 25% in RUSLE equations
-wheeled equipment can access loose soil on 25% slopes or
less
-tracked equipment can access loose soil on 25% slopes or
less
-haul trucks can access S-10% slopes.
-suggested slope classes: O-10, 10-25, 25-33, 33-40, 40-50,
50+t \?I

Coarse fragment contents need to be changed to reflect non-
agricultural uses. MDEQ recommends salvage of all soil with up
to 50% coarse fragments. The size distribution of the rock frag-
ments is also important to evaluate erosion control on reclaimed
slopes. We need to separate the percentage of rock fragments
less than and greater than 1 inch in size.

Classify rock types as inert and non-inert; sedimentary
rocks will they break down when blasted, exposed, and worked by
heavy equipment; Will it absorb water and slake?

Based on my own personal survey of soil surveyors doing mine
permit applications, the most common mistakes in soil surveys
they have use are in identification of parent materials. Take
the time to identify glacial till, residuum, colluvium, etc.
Also, define what the parent material is, such as Kootenai sand-
stone. More verification is needed by test holes, explain in
soil description of soil complex or association; this is often
controlled by the legend and can lead to bad calls. Be consis-
tent with soils on similar landforms.
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Steep Slope Reclamation At Golden Sunlight Mines, Inc.
Whitehall, IMT

Troy C. Smith’

ABSTRACT

Golden Sunlighr  Mine is a large open pit gold mine located near Whirehall  MT.
Golden Sunlight mines over 100,000 tons  per day of sulfide bearing waste rock and
ore. This has resulted in over 1.000 acres of tall. steep (1.5:1 ho&?ontal  to vertical
slope anglej waste rock dumps. Golden Sunlight has made a bonctd comminnenr
wirh the state of Montana to reclaim these waste rock dumps as we!1 as all orhe:
disrurbed  areas.

Golden Sunlight has performed extensive reclamation research in consulration  with
seve:al universities and consulring firms.  Based on rhe research results a rec!amarion
plan for the wasre rock dumps has been developed. This plan which is currently
being rested includes reducing the dump slopes to a 21 horizontal IO verrical  slope
angle. developing benches in the dump to reduce the slope length: olacemenr  of a nvo
layer  rock and soil cover. followed by revegetarion. Various addmonal  erosion
control measures are also implemented.

In order to effec:ively  work and seed these waste rock dump slopes Golden Sunlight
has modified rquipmenr  specifically for this purpose. Some of the modifications
include the development of a counter weight for dozers to reduce -he center of gravity
and increase traction. and the use of a modified snowcar  to incomorare  seed and
fertilizer on the slopes.

Several large scale tesr plots have been in place for over four years at Golden
Sunlight. These plors  are now yielding data showing successful reclamation of sulfide
waste rock utilizing capping materials on 2: 1 horizonral  to vertics;  slope angles.

I Golden Sunlight Mines Inc., Whitehall, Montana 59759



Ih’TRODUCTION

Golden Sunlight is a large open pit gold mine near Whitehall MT. Golden Sunlight
Mine(GSM)  produces more than 100,000 tons per day of sulfide bearing waste rock.
Due to the steep topography and the large volumes of waste rock several hundred
acres of tall, steep waste rock piles have been created. This coupled with the acid
producing potential of the waste rock has caused GSM to put up the largest
reclamation bond in the history of hard rock mining. For this reason GSM began
researching the most economical and successful methods of reclamation for these large
waste rock piles.

GSM’s ongoing research has identified successful methods to reclaim steep slopes in
this environment. Success is a function of slope angle versus slope length, cover soil
texture, vegetation. and erosion control structures. Test plots have shown that it is
critical to include the entire precipitation catchment area up-gradient from the slope to
be reclaimed as part of the slope. Essentially, this requires the diversion of all run-on
away from the top of the slope to be reclaimed. Based on erosion rates it was
determined  that GSM’s maximum allowable slope would be 200 vertical feet. GSM’s
current reclamation plan involves reducing the waste dump slopes to a 2: 1 horizontal
to vertical angle, developing benches in the dump to reduce the slope length as
necessary, placement of a two layer neutral oxide rock and soil cover, followed by
revegetation.

RECLAMATION PLAN

Reclamation plans have been developed for all facilities within the GSM permit
boundary. including the plant area. waste rock dumps. tailing impoundments, open
pit, borrow areas, diversion channels, roads, monitoring wells. utility corridors, water
treatment plant. and all other GSM facilities within the disturbed area boundaries.

Background

The ecosystem and plant community in the GSM permit area consist of a dry, steep
slope, Great Basin-type plant community which contains grasses and shrubs with lesser
numbers of juniper, limber pine, and Douglas fir. The area has been utilized by both
wildlife and livestock. Mining has also occurred in the area for over 100 years.

Objectives

The objectives of reclamation are to bring the final land use and cover back to a
comparable level with the pre-mine state.

Soil Salvage

Reclamation begins with the removal of soij materials from areas which will be
disturbed. The primary removal method is with scrapers using tracked dozers to



windrow  soils off steep slopes.

All topsoil and subsoil suitable for plant growth are removed where safe to do so.
Soil removal depths are staked according to previous soil surveys, and frequent quality
checks are made during removal. Soil is placed in stockpiles and seeded with the seed
mix shown in Table 1. Pre-mined soils and stockpiles are sampled and analyzed for
texture, Ph. electrical conductivity (EC), sodium adsorption ratio (SAP), water
holding capacity, and soil nutrients. Parameters for suitability are shown in Table 2.

The soil suitability parameters shown in Table 4 have been waived for coarse fragment
content on the west side of the project area, where a soil shortage was noted. Soils on
the west side with up to 75 percent coarse fra_gnent  content are salvaged on slopes of
up to 1.5H:l.OV.

Table 1
Soil Stockpile Seed Mix

Species Common Name Drill Seed Rate
iPLS  lbslacrel

Table 2
Soil Suitability Criteria

Parameter



Oxide Rock Salvage

All oxidized rock planned for removal is sampled in the pit according to variability,
and submitted for potential acidity testing. This determines whether the material is
suitable for use as an oxidized capping. Field observations of oxidation degree based
on color, rock type. and visual sulfide content have shown good correlations with
acid-base accounting. Combined field  observations and potential acidity testing
determine whether or not to save a rock unit for use as oxidized rock capping
material. As oxidized rock stockpiles are being built. weekly dump crest composite
samples of active stockpiles are also collected and submitted for potential acidity
resting.

Based on kinetic testing and test plot data, all oxidized rock to be used for reclamation
capping material must be either non-acid producing or amended with lime.

Waste Rock Dump Reclamation Research

GSLM constructed test plots to evaluate reclamation success of 2H:lV  versus 3H:lV
slopes, and as an additional assurance to the agencies has bonded for 3H: IV slope
reduction. GSM can also use the test plots to evaluate and compare any proposed
changes to the permitted requirements. The first set of test plots were constructed in
1991. and additional plots were constructed in 1992.

The 1992 test plots will evaluate if there is an advantage in replacing the lime
amendment with an additional six inches of oxidized cap rock. Recent research
indicates that under oxidizing conditions such as at GSM. lime may become coated
with iron and manganese oxides and become nonreactive. Further, the additional six
inches of oxide rock capping may be more effective in limiting the upward migration
of acid. Finally. the lime would be very difficult to apply uniformly on the dump
slopes. The 1992 test plots will compare limed with unlimed slopes, and are more
fully described in Appendix 10. The agencies have also requested that the oxidized
rock used for capping be limed to neutral, if necessary, until the oxidized rock
suitability criteria can be evaluated.

Kinetic testing for acid production from potentially acidic oxidized rock began in
1992. When combined with test plot data, this information will help establish the
suitability criteria for the oxidized cap rock. Static test results, particularly the net
acid generating(NAG)  pH tests, have correlated well with the kinetic tests. In
Appendix AR-93-K of GSIM’S 1993 Annual Report, it was recommended that oxide
rock with NAG pH greater than 4.0 be deemed suitable for reclamation, that rock
with NAG pH between 3.2 and 4.0 be amended with lime, and that rock with NAG
pH of less than 3.2 not be used for reclamation.

The specific objectives to be achieved with reclamation of the waste rock dumps are
to reduce infiltration to a level that should prevent seeps from occurring at the base of
the dumps, and to permanently revegetate the dumps. The following reclamation plan
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will continue to be used. unless a need for a modification is revealed from test plot
data or any concurrent failures. Current results from test reclamation research
indicate that 2H: 1V dump slopes can be reclaimed, and may even reduce the potential
for acid discharge compared fo flatter slopes. Therefore, the following plan assumes
a maximum slope angle of 2H: 1V. Dump slopes will be reduced further if additional
data from the test plots show that 2H: IV reclamation will not be successful.

Waste Rock Dump Reclamation Plan

Waste rock dumps are constructed at the angle-of-repose (lSH:l.OV).  GSM is
currently permitted to test waste rock dump reclamation on slopes reduced to a 2H: IV
angle

After the dozers have reduced the slope composite samples are collected for potential
acidity testing from the reduced slope and dump tops. The number of samples will be
determined by the variability of the dump material. Samples will be submitted for
either the modified Sobek method of acid-base accounting(ABA),  or an on-site NAG
pH test. If the NAG pH method is used, then a minimum of one sample in fifty will
be verified with the modified Sobek ABA method.

If the waste  rock dump samples have an ABA of <-20 and/or a NAG pH of <3.2,
then the upper 6 inches of the dump will be limed to neutral and a 24-inch thick
minimum cap of suitable or limed oxidized waste rock will be placed over the dump.
If resting shows that liming is not as effective as an extra 6 inches of oxide cap rock,
then an additional 6 inches of cap rock would be placed instead of lime. If the
samples have an ABA of > -20 and/or a NAG pH of > 3.2, then the dump will be
treated as an oxidized cap as described below.

Oxidized rock salvaged for reclamation is sampled in the pit, and should have an
AB.4 of -20 or greater. and/or  a NAG pH of 3.2 or greater. Oxidized rock used for
capping material will again be sampled for potential acidity prior to placement.
Variability of material will determine the number of samples to be taken. Oxidized
rock with lime requirements of 0 or more tons lime per 1000 tons of material will be
limed to neutrality until GSM can justify an alternative plan based on kinetic or test
plot data which is acceptable to the agencies. In determining lime rates, correction
factors will be included for improper mixing and coarseness of lime.

After the oxidized rock cap is in place, a grid with 100 foor by 100 foot spacing will
be established on the dump, and samples will be collected at each point. This same
grid will be used to determine the thickness of capping materials as described under
the “Treatment Uniformity” section. The samples will be visually examined, and
representative samples analyzed for potential acidity. If potentially acidic areas are
identified, more samples will be submitted. Those areas where more than one sample
has identified lime rates of 0 or more tons lime per 1000 tons of material will either
be top dressed with enough lime to neutralize the cap, or recapped with suitable
oxidized rock.



After a suitable oxidized rock cap has been placed, soil will be spread. Soil depths
will be 19 inches on the west and south dumps, and 24 inches on the east dumps. A
composite soil sample from the in-place soil cap will be collected every five to ten
acres and checked for texture, pH, EC, potential acidity, SAR, and soil nutrients.

The 2H: 1V slopes with lengths greater than 30 feet will have dozer gouges
constructed in the final cover soil surface as illustrated in Figure 1.

The effectiveness of the dozer gouges for erosion control will be determined from the
waste dump test plots. Based on this test data, the maximum distance between
contour benches can be determined. These erosion/access benches will be designed
so they slope back into the dump and divert runoff off the dump face into collector
channels. At the present time, erosion/access benches are being designed at
approximately 200-foot vertical intervals as necessary for construction, seeding, and
maintenance.

Waste dump tops will be sloped to direct drainage away from dump slopes and into
designed collection systems as also described in Appendix 6. Reclamation will
otherwise follow the same guidelines as the dump slope reclamation.

When construction is complete, the area will be fertilized and seeded with the seed
mix shown in Table 3. Seeding is accomplished by either broadcast seeding and
harrowing with a snowcat  capable of operating on 2H: 1V slopes or with a
hydroseeder. When hydroseeding slopes, tackifier is used with 2000 pounds of mulch
per acre.

Table 3
Waste Dump Reclamation Seed Mix

Species Common Name Broadcast Application
Rate IPLS Ibs/acrel

GRASSES
Agropyron  smirhii

A. da*Y*tachY”m
WerIern whsargrasr
Thickaoike  whaalerass I

5 . 0
5 . 0

Bluebunch  whear&ss
SIrsambank  wtmrgrass
E. crested whestQrass
Slender whealQrass
Sheep fescue
Canada  blvegrass
Indian  ricegrari

5 . 0
5 . 0
4 . 0
3 . 0
1 . 0
0 . 5
0 . 5

2 . 0
1 .o

Onobrychir  wciaefolia

SHRVES  AND FORBES
*rfml~si. rrldentata
C.naurcosus
ACrlplex  ca”esce”6
Ll”wn ,ewisii

1.0

0 . 5
0 . 5
1 . 0
1 . 0

3 6 . 0
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When reclamation is determined to be successful, seedlings of Douglas fir,  limber
pine, and Rocky Mountain juniper will be planted in appropriate areas. The seedlings
will be grown from seeds collected on or near GSM. Junipers will be planted at a
density of 20-50 plants per acre. The tree density will vary from lo-50 trees per acre.
The trees will be planted in a fashion creating windbreaks and thickets rather than
being uniformly spaced. North slopes will be planted with Douglas fir,  south slopes
with limber pine, and east and west slopes will be mixed.

CONCLUSION

GSM has successfully implemented this reclamation plan on a sulfide waste rock
dump. With the aid of counter weights dozers and snowcats  have been shown to work
effectively on 2H: 1V slopes. After nearly five years of monitoring, the waste dump
slopes reclaimed at GSM still continue to out perform similar native slopes in
vegetative production. GSM is currently proposing to amend it’s permit to allow final
reclamation at a 2H: 1V slope angle.



The Virtual Landscape of Yellowstone
National Park: Integrating spatial analysis
with the process of scientific discovery to
create a soils resource inventory

by Henry Shovic PhD, Ann Rodman, and
Eric Compas
April 30, 1996

The two million pristine acres of Yellowstone
National Park are the backdrop for an unusual
and ground breaking effort. We are building an
integrated landscape model, based on digital
spatial data and the concepts of the science of
landscape ecology. We recently completed the
last major resource theme for this model. The
publication of the soils inventory is the
culmination of a 7 year effort and resulted in a
peer reviewed and agency approved technical
document. The soil survey process is one of
scientific discovery, requiring an elaborate
predictive system based on limited observations
of a resource that is largely invisible and
continuously variable. There is a well
established set of methods to realize this
discovery, based on extensive field sampling,
development of soil forming concepts,
extensive traversing of the landscape, manual
delineation of map units on field sheets, with
manual transfer of these delineations to a
topographic base. Geographic information
systems have recently been used to display final
maps and for descriptive terrain analysis.
Electronic data bases have been developed to
organize and analyze non-spatial data.
However, the majority of the process is still
entirely manual. Because of limited
accessibility, availability of a wealth of digital
biologic and physical information, and need for
a strong scientific basis we chose to replace the
entire delineation process with electronic
methods of spatial analysis. A point coverage
was developed from 2000 field sample sites.
These points were quantitatively correlated

with accepted theories of soil formation to
develop predictive concepts applicable to the
Yellowstone survey area. We translated these
concepts and the conditions under which they
apply into a set of 300 rules in ARCiINFO.
We applied these rules to polygon and raster
coverages of landform, vegetation, climate, and
soil parent material to create a polygon soils
theme directly on a topographic base. We
iterated the rule application process 35 times,
until we had complete coverage and met quality
standards. Over 83,000 possible combinations
of coverage values wece reduced to a set of 75
map units, each with a description of spatial
variability. We used ARC to produce the final
camera ready maps, meeting all cartographic
standards. We solved the inherent problems of
coincidence and differing spatial accuracy
between themes by a combination of automated
and manual but GIS supported “reality
checks.” Over 25,000 initial polygons were
reduced to 8,000 with a series of Ah4L’s
involving automated sliver and small unit
removal; and field sample site verification.
Our experiment in using automated spatial
analysis to replace manual methods resulted in
a product that meets all scientific and agency
standards for soil surveys, while completed at
about % the cost. The soils theme is coincident
with other layers, completing the giving the
essential “underpinnings” to the landscape
model, addressing the future management
needs of our nation’s premier landscape.<P>

Introduction

The two million pristine acres of Yellowstone
National Park are the backdrop for an unusual
and ground breaking effort. We are building an
integrated landscape model, based on digital
spatial data and the concepts of landscape
ecology. We recently completed a soils
inventory, the last major resource theme for
this model. The publication of this inventory is
the culmination of a seven year effort and



resulted in a peer reviewed and agency
approved technical document,

The soil inventory will be used for resource
management planning, scientific investigations,
and resource interpretation in Yellowstone
National Park. It delineates soil bodies that
occur together in repeating patterns on the
landscape. Soil properties mapped in this
survey affect vegetation, stream sedimentation,
wildfire recovery, cultural and historical
features, wildlife (on both a micro and macro
scale), aesthetics of the landscape, construction
and maintenance activities, and microclimate.

The soil survey process is one of scientific
discovery, requiring an elaborate predictive
system developed from limited observations of
a resource that is largely invisible and
continuously variable. There is a well
established set of methods to realize this
discovery. Local concepts of soil formation
are developed based on extensive field
sampling. Map unit boundaries are established
by traversing of the landscape and manually
delineating the map units onto field sheets.
These delineations are later transferred by hand
onto a topographic base. Geographic
information systems have recently been used to
display final maps and for descriptive terrain
analysis. Electronic data bases have been
developed to organize and analyze non-spatial
data. However, in the majority of traditional
soil mapping projects the process is still entirely
manual.

The methods described above are very practical
where relatively detailed soil information is
needed, funding is available, and there is
reasonable access to all map unit delineations.
However, in our case access is difficult, the
required level of detail is less than in
agricultural or suburban areas, funding is
limited, and a wealth of digital biologic and
physical information is already available.

Therefore we developed and implemented a
modified set of methods that replace the
manual delineation process with electronic
methods of spatial analysis.

Objectives

Our objectives were to develop a soils layer for
the landscape model and to provide basic soils
data for use in research, resource management,
and as an information source for interpretive
and educational purposes. The study is
classified as an Order IV soils inventory,
meaning soils are classified and mapped at a
scale suitable for broad resource planning.
Bather than making map units with
predetermined interpretations in mind, major
soil properties were grouped to maximize
differences between groups and minimize
differences within a group. The dominant kinds
of soil occurring in the survey area dictated the
development ofthe groupings.

Methods

Since soil is normally invisible (soil is three
dimensional, extending into the opaque earth,
and it’s surface is usually covered with plant
material), it is impractical to predict soil spatial
patterns by direct observation. However, soils
occur in an orderly pattern that is related to the
geology, landforms, relief, climate, and natural
vegetation of the area. We selected 1200 sites,
representing the local range and extent of
conditions that intluence  soil development in
the park, By observing the soil profiles at each
location and relating their position to specific
segments of the landscape, we developed
concepts of how the different soils were
formed. We used these observations to make
predictive models of soil occurrence on the
landscape. These models were based on
theories of soil development, soil-site
relationships observed in the Yellowstone area,



and extensive site observations of soil
properties on the ground.

We applied the models by translating the soil
forming concepts into a set of 300 rules in a
GIS. Each model was expressed in a
quantitative “rule” or If-Then statement with
accompanying conditions under which it is
valid. The basic premise in these models is that
the kind of soil occurring at a given location is
predicted by knowing the quantitative or
qualitative values of a set of factors, i.e. the
climate and vegetation under which the soil has
developed, the parent material in which it is
formed, the topography, and its age. We
applied these rules to polygon and raster
coverages of landform, vegetation, climate, and
soil parent material to create a polygon soils
theme directly on a topographic base. The
rules could be applied in a logical order to
predict soils’ spatial occurrence and distribution
on a set of digitally produced maps. Most rule
conditions were expressed in spatial data
layers, though some required manual
modification. The rules were dynamic and
easily modified as new data or analysis became
available. We used the sample of soil and site
properties to develop and test these models.

We iterated the rule application process many
times, until we had complete coverage and met
predetermined quality standards. Using the
GIS and the rule based system, soil maps were
produced automatically during the survey
process. The draft maps were used as field
sheets in ground verification. At?er a draft map
had been completed, it was overlain on a spatial
model of slopes created from a digital elevation
model @EM). Slope ranges and distributions
were developed and analyzed verify accuracy
of mapping, and to help describe ranges of
properties.
Each iteration of maps represented a stage of
completion. We used the GIS to flag
unmapped areas (places where no rules existed

for that particular combination of soil forming
factors), and analyze those combinations. Then,
we resolved each case by 1) using existing
sample points or taking more field samples in
those areas to develop new map units or 2)
correlating the areas to other map units.

Part way through the project, we switched
from raster based layers in Grass 4.0 to vector
coverages in ARC/INFO 7.0.3. Some of the
independent soil forming layers had been
created in Arc so they were already available.
Every other raster layer had to ‘undergo  a
“smoothing” routine in order to improve the
appearance of the final maps (ii other words,
an overlay of original vectors with vectorized
rasters was not appealing). For the
generalizing and application of the inference
rules in ARC, we developed several AML’s  to
work directly off the files used by Grass.

We edited the final draft  maps using manual
and computer-assisted methods to match
ground observations and to meet quality and
readability standards. After the final inference
run was complete, we had several common
overlay problems. These were: 1) slivers; small
polygons that result from arcs representing the
same feature on several layers not aligning; 2)
smulipol’ot~s,  polygons that were too small
for us to reliably infer their soil types; and 3)
fingers, thin, meaningless extensions of larger
polygons. The small po&gon concept
depended upon a cut-off size, below which we
could not reliably apply our inference rules.
This idea is analogous to the application of a
minimum mapping unit in a traditional mapping
exercises. From visual inspection and field
experience, we decided upon 50 acres as our
minimum mapping unit, The magnitude of the
task was large-the overlay process created
26,000 polygons. Of these, 20,000 fell into one
of the above categories and had to be grouped
into surrounding polygons. To accomplish this



task, we used both automated and manual
methods.

In the automated procedure, we took
advantage of decision-making processes that
we could implement with an AML and could be
applied to the whole data set. We identified
seven different types of slivers and small
polygons that we could examine automatically.
Four of these seven could automatically be
grouped by identifying the most reliable or
accurate layer, the landform  layer in our case,
and using it is a base for grouping polygons.
Therefore, a lake boundary as delineated on the
landform layer would be retained in the final
product no matter how it was represented on
the other layers. Another example is a sliver
existing along the boundary between two larger
polygons. All three have been assigned soils
map unit name in the infer process, but the
sliver is not a reliable delineation of its map
unit. It needs to be grouped into one of the
adjacent polygons. The AML examines this
polygon and the adjacent ones to determine the
underlying landform  unit that. they belong to.
The sliver is then grouped with the adjacent
polygon that has a similar landform  unit, In
this manner, the AML “intelligently” grouped
8,000 small polygons and slivers. At the end of
the process, 12,000 polygons remained. An
additional 4,000 polygons, under 10 acres in
size, were grouped by using the Arc
ELIh4INATE  command. Of the remaining
8,000 polygons, 2,000 were left for manual
editing. About 90 percent of the editing had
been automated. These remaining edit
decisions could not have been automated
without losing accuracy in the final product.

The process of mapping was considered
complete when 1) all areas were mapped to an
appropriate level of quality and detail, 2)
concepts represented by the map units were
logical and fit into the surrounding landscapes,
and 3) map units had adequate background

documentation. All map unit boundaries were
verified on the maps using remote sensing
techniques, and a sampling of each map unit
was visited on the ground to verify soil
occurrence and distribution.

Results

The park now has a comprehensive,
ground-truthed soil survey available as a
document approved by the National Resource
Conservation Service (NCRS),  and a data layer
in the GIS. The data is organized into map
units that include information on soil types
(classified to the family level), important soil
properties, slopes, landfortn  types, vegetation,
and bedrock and surficial geology. The map
unit descriptions also contain a description of
the variability that exists within the map unit.
Over 83,000 possible combinations of coverage
values were reduced to a set of 79 map units,
each with a description of spatial variability.
Over 1200 sites were sampled in detail. These
sites are geo-referenced and detailed site and
soil information is available for each location.
Over 25,000 initial polygons were reduced to
8,000 with a series of Ah%L’s  involving
automated sliver and small unit removal, We
are using ARC to produce the 27 final,
camera-ready maps in EPS format, meeting all
federal cartographic standards.

Conclusions

Our experiment in using automated spatial
analysis to replace manual methods resulted in
a product that meets all scientific and agency
standards for soil surveys, but was completed
at about half the normal cost. The soils theme
is coincident with other layers, giving the
essential “underpinnings” to the landscape
model to address titure management.

* We solved the inherent problems of
coincidence and differing spatial accuracy



between themes by a combination of automated
and manual, but GIS supported, “reality
checks.”

* The data set is partially dependent upon the
source layers; therefore analysis conducted
with the soils layer and one of these source
layers needs to conducted carefully.
Correlations between the soils layer and the
source layer have a potential to be a remnant of
the creation procedure.

* Corrections that had to be made in the
inferred soils usually were not a result of a
skewed inference rule. It was usually
discovered to be an error in one of the source
layers or a misinterpretation of the source layer
delineation,

* The intelligent automation of small polygon
and sliver removal was very successful. It
greatly decreased the amount of manual editing
hours.

The above analysis and documentation
supports our present conceptualization of the
soils and their distribution in Yellowstone
National Park. We published the maps and
documentation now to provide a benchmark of
soils knowledge as of 1996. Though this
publication ends an era of pedagogic scientific
discovery in Yellowstone National Park, the
process of mapping soils here has just begun.
The electronic nature of the survey provides an
avenue for scientific and orderly updating.
Since the needs of management and science
change, so will this survey of soils. The digital
spatial maps, physical reference samples, and
accessory data bases from which the maps and
descriptions came are available to provide
historical data in a readily modifiable
environment, thus helping to assure its fullest
use and greatest longevity.

Henry Shovic, PhD, AM Rodman,  and Eric
Compas
Yellowstone Center for Resources
Yellowstone National Park
Box 168
Mammoth Hot Springs, WY 82190
307-344-2246
FAX 307-344-221 I
Henry_Shovic@nps.gov
Ann_Rodman@nps.gov
Eric_Compas@yell.nps.gov



HYDROTHERMAL SOILS OF
YELLOWSTONE NATIONAL PARK

M.A. Wilson (USDA-NRCS), A.W. Rodman  (USDI-NPS),
H.F. Shovic (USDI-NPS), D.P. Thoma (Montana St. Univ.),

and G.N. White (Texas A&M Univ.)

Introduction
Hydrothermally-altered volcanic rocks and secondary mineral deposits from

magmatically-heated groundwater are parent materials for over 20,000 ha of soils in Yellowstone
National Park. These hydrothermal soils form a critical component of the fragile thermal
ecosystems of Yellowstone and support a unique population of plants and other soil biota
(Despain, 1990). Knowledge of properties and genesis of these soils is important to ecologists,
microbiologists, and other scientists who study, utilize, and seek to preserve these areas.

The objectives of this paper are to provide a brief overview of the geology, hydrothermal
chemistry, and properties of soils in selected acid sulfate and neutral chloride hydrothermal areas.
Research on hydrothermal soils is part of an ongoing, cooperative project initiated as part of the
Yellowstone National Park soil survey.

Geology and Hydrothermal Chemistry
Yellowstone National Park is part of the Middle Rocky Mountain Province (Thombetry,

1965). Study sites are located on the Yellowstone Plateau, a 6500 km’ volcanic region which has
.been intermittently acttve  for at least 2.2 million years (Christiansen, 1984). The plateau is

composed of glaciated volcanic materials, principally rhyolitic ash-flows (tuft) and viscous lava
flows, deposited during three cycles of caldera-forming eruptions. Principal surficial
stratigraphy in our study area is 630,000 yr old Lava Creek Tuff and numerous, younger
(<165,000  yr old) rhyolite flows.

Tuff is an ash-sized (< 2-mm)  pyroclastic deposit, exploded from volcanoes in
combination with heated magmatic  gasses. This mixture is not ejected high in the air, but
remains near the ground surface, retaining the heat, undergoing varying degrees of consolidation,
welding (induration), devitrification, and vapor phase mineralization (Ross and Smith, 1960).
The latter two processes result in formation of crystalline minerals, principally SiOr polymotphs
and feldspars in the Lava Creek Tuff.  Relative to this tuffaceous unit, rhyolite flow deposits in
Yellowstone are less devitrified (composed of a greater amount of volcanic glass), but have a
similar suite of crystalline minerals.

A system of fractures and tectonic faults within and along the caldera perimeter serve as
major conduits for deeply-circulating groundwater. This groundwater is magmatically-heated to
temperatures > 200°C (Foumier, 1989),  solubilizing minerals in contacted geologic units
underlying the hydrologic region and absorbing volcanic gases such as H,S.

Cooling of this groundwater as it reaches the surface results in supersaturation with
respect to the solute load. The solute composition, and therefore the elemental composition of
any resulting mineral deposit, depends on the traversed geologic units along fracture zones. For
example, the deposit may be siliceous (e.g., siliceous sinter (geyserite) deposits of Lower and
Midway Geyser Basins) or calcareous (e.g., travertine deposits of the Mammoth Terraces). In



Yellowstone National Park, the predominance of rhyolitic stratigraphic units result in a
preponderance of silica-rich deposits.

Groundwater reaching the surface is typically near neutral in pH, a favorable condition
for deposition of SiG, from silica-saturated solutions. These areas are termed neutral chloride, a
coined name based on the pH and the high concentration of Cl-  in solution.

Depending on the relative abundance of magmatic  H,S in this groundwater, acidification
of certain landscapes may result through the oxidation of this gas to H$O, by Thiobacillus and
other S-oxidizing bacteria in the soil vadose zone above the water table. This results in
development of acid sulfate chemistry, precluding the abundant deposition of siliceous sinter
found in neutral chloride areas by inhibiting silica polymerization and through the formation of
silica-sulfate solution complexes (Foumier, 1985).

These two chemistries, acid sulfate and neutral chloride, represent two endpoints in
rhyolitic-based hydrothermal areas of Yellowstone. Both chemistries represent accumulations of
silica; acid sulfate by the loss of alkali and alkaline earth elements resulting in concentration of
remaining siliceous minerals and residue, and neutral chloride from abundant silica precipitation.
The exact chemistry which controls an area.is variable between these chemical endpoints and
may vary over time depending on relative H$ in groundwater and water table levels of an area.

Study Sites
As a part of the field and laboratory pedon characterization program for the park soil

survey, 10 pedons in four hydrothermal areas were sampled. Sample sites represent acid sulfate
(Norris Annex and Solfatera Plateau), neutral chloride (Nez Perce Creek), and travertine or
CaCO, (Mammoth Terraces) chemistries. Ongoing laboratory investigations are currently
focused on acid sulfate and neutral chloride areas.

The Norris Annex site is located directly east of Norris Geyser Basin (44” 43’ 41”N, 110”
41’ 49”W).  Centered within this site is a small hydrothermal basin. Soils within the basin and
surrounding landscape have developed in glaciated Lava Creek Tuff and have undergone acid
sulfate alteration. Two pedons were sampled. One pedon is located on the basin sideslope at a
location where stunted lodgepole pines (Pinus contorta  Dougl.  ex. Loud var. Latifolia  Engelm.
ex Wats.) (Dom, 1992) and small areas ofjuniper moss (Polytrichum juniperinum Hedw.) are
capable of establishment. At lower elevations within the basin, temperature and chemical
restriction prevent vegetational growth. The second pedon is located on the upland, interfluval
position to the south. Lodgepole pine at this location appears similar in size and density to other
non-hydrothermal rhyolitic areas in the park, though this site has limited development of
understory vegetation. The understory vegetation is estimated at IO-IS% coverage and consists
ofjuniper moss and lichen (Cladina nitis (Sanbst.) Hustich).

The Solfatera Plateau site is located 12 km east of the Norris Annex along the Canyon-
Norris Road (44” 42’ 4l”N, 110’ 33’ 11”W). Soils in this acid sulfate area have a parent material
composed of the 110,000 yr old Solfatera Plateau Unit, a vitropyritic rhyolite flow. This
hydrothermal area is composed of multiple small basins and three pedons were sampled along a
4 m pit dug perpendicular to the contour of a selected basin. This pit traversed a landscape
boundary represented by a change in soil color and a progressive loss of vegetation downslope.
Vegetation is moss, panicgrass (Panicum  acuminatum  SW), hairy golden-aster (Heterotheca
spp.), and other small forbs.

The Nez Perce site is along Nez Perce Creek, located 3 km northeast of the Lower Geyser
Basin (44” 34’ 19”N,  1 IO” 48’ 18”W).  This neutral chloride alluvial area is composed of soils
forming in siliceous deposits that are either hard, platy materials or soft,  slightly thixotropic



deposits. Pedons were sampled to characterize soils developed in both materials. Vegetation is
lodgepole pine in moderately well to well drained soils on stream terrace positions, and tufted
hairgrass (Deschampsia  cespi~osa (L.) Beauv.), alkali cordgrass (Spartina  grads  Trin.), slender
wheatgrasss (Elymus  trachycuulus  (Link) Gould ex Shinners.), and Halls sedge (Carex
parryanna Dewey var. unica Bailey) on poorly drained soils.

Acid Sulfate Soils
Properties of Hydrothermal Soils

Acid sulfate soils are characterized by an extremely acidic pH, ranging from 5.3 to 2.1,
and soil temperatures ranging from ambient to 78°C. Acidification and acid leaching are the
major processes in these soils, removing bases and other plant nutrients, and accelerating rates of
mineral alteration and dissolution relative to non-hydrothermal soils. The most extreme areas of
acidity are principally aligned with fracture zones, which serve as conduits of water, heat, and
gases. These zones generally coincide with basin floors, areas of principal water movement and
greatest subsidence. Basin floors and sideslopes are characterized by the lack or presence of
sparse, stunted vegetation and accelerated rates of erosion. In higher landscape positions,
weathering occurs from both acidic water held in pores and vapor phase alteration.

Soils in acid sulfate areas are weakly developed, with most pedogenic activity in the
upper 20-30 cm. Hydrothermally alteration continues below the depth where pedogenic
processes are active. Soils have ochric surface horizons and develop cambic subsurface horizons
on more stable, less acidic upland landscape positions. Pedons at these sites classify as Typic
Troporthents or Dystric Cryochrepts (Soil Survey Staff, 1994),  and similar soils in acid sulfate
map units include the great groups of Dystropepts and Cryorthents (Rodman  et al., in press).
Soils are bleached white from loss of Fe oxide coatings on mineral grains, though surface
horizons are generally darkened by organic matter. Horizon textures are sandy loams and loamy
sands and soils have low water holding capacity. Organic matter is the major source of cation
exchange capacity and extractable bases, and greatly increases water retention..

Soils forming from tuff and volcanic flow parent materials have similar suites of minerals
in both the sand and clay fractions. The sand fraction is generally composed of quartz,
cristobalite, tridymite, volcanic glass, and feldspar. Devitrification  occurred to a greater extent in
tuff deposits relative to volcanic flow materials at the Solfatera site. This has resulted in lower
amounts of glass in hydrothermal soils from tuff.

Feldspars  and volcanic glass are most susceptible to hydrothermal alteration in these
soils. Other minerals, such as pyroxenes, biotite, or hornblende, ifpresent, would undergo
alteration or dissolution as well. These latter minerals exist in very low concentrations in these
parent materials and soils.

The clay fraction is composed of cristobalite and kaolinite, with lesser amounts of
goethite and alunite.  Cristobalite is a primary mineral from the original volcanic deposition.
Kaolinite, alunite,  and goethite are secondary minerals which form through alteration of
feldspars.  Kaolinite has been identified as both sand-sized pseudomorphs from feldspar and as
yellow to red, oriented, laminar  deposits in voids associated with Fe oxides. These two
secondary minerals are present only in horizons with a pH > 3.2, suggesting the relative
instability of these weathering products under hydrothermal alteration at a lower pH.

Neutral Cbloride Soils
Silica concentrations in groundwater are often similar in both acid sulfate and neutral
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chloride areas. While deposition of silica is minor or absent in acid sulfate soils, the near neutral
pH of neutral chloride areas favors deposition and accumulation of siliceous organic and
inorganic deposits.

Groundwater in neutral chloride areas typically emerges from hot springs. This heated
water may flow from the mouth of the spring in a dispersed, fanlike  pattern forming a spring
apron, or channelized  in a narrow flow. Silica precipitates from this groundwater as a non-
crystalline mineral, opal-A (Jones and Segnit, 1971). Precipitation initiates on mats of
phototropic bacterium which provide nucleation sites (Schultze-Lam  et al., 199.5), or by
homogeneous nucleation in solution (Fournier, 1985). This non-crystalline silica forms hard,
platy morphologic forms. These deposits tend to slowly build up along the opening and sides of
a hot spring. Deposition results in an increasingly small spring opening, eventually forming a
dome and completely encapsulating the spring.

Along stream terraces of Nez Perce  Creek, older hot spring deposits are weathering into
shailow,  skeletal soils, with channery  siliceous rock fragments. These soils classify as Lithic
Cryochrepts. The great group classification of other similar soils included in these map units are
Udorthents and Eutrochrepts (Rodman  et al., in press). Textures in the sampled pedon are loamy
sands and sand loams, and the soil pH ranges from 5.0 at the surface and increases to 6.9 in the
Cr horizon at 19 cm. Mineralogy and micromorphology of these soils suggest that alluvial or
colluvial deposits from non-hydrothermal rhyolitic soils are mixed with the original parent
material in the fine earth fraction.

Behind and on the sides of existing hot springs, and overlying former hot spring deposits,
are hydric soils saturated with groundwater at ambient temperature. Scanning electron
microscope observations suggest that both inorganic and biogenic silica deposits accumulate,
combining to form soft, low density aggregates of diatoms, plant opal, and inorganic flakes of
opal-A. The matrix of this soil is white, with upper horizons darkened by organic matter
accumulation. The sampled pedon has a solurn  depth of 36 cm, contacting an R horizon at 51
cm. This R horizon is a white, platy siliceous material suggesting this present soil overlies a
former hot spring deposit.

This pedon classifies as a Typic Cryaquept, and other similar soils in the map unit are
Tropaquepts (Rodman  et al., in press). The texture of upper horizons is silty clay loam or silty
clay. The pH ranges from 6.6 to 6.8 and the NH,OAc-base  saturation is at or near 100% for all
horizons. The mineralogy is predominantly opal-A in the clay and sand fractions, though small
amounts of quartz and feldspar are found in the sand fraction, likely alluvial deposition from
non-hydrothermal soils.

Conclusions
Hydrothermal soils in Yellowstone National Park are complex entities with diverse

origins and properties. This diversity of properties is principally related to the surficial
stratigraphy, the geologic strata through which the magmatically-heated groundwater travels, the
inclusion and subsequent oxidation of HIS,  and the differences in landscape position within a
particular area.

Examples of this diversity is clearly exhibited in comparing acid sulfate and neutral
chloride soils. Both groups of soils represent silicification, but by different processes. Acid
sulfate soils developed in existing geologic deposits undergoing acid degradation with little to no
secondary mineral deposition, while neutral chloride soils form in silica minerals deposited from
groundwater.
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SOIL QUALITY AND HEALTH-SOME APPLICATIONS TO FOREST ECOSYSTEMS’

Robert T. Meurisse’
INTRODUCTION

Concerns about sustaining the productivity and health of forest ecosystems have been the
subject of much research, debate, and federal actions (Perry, et. al. 1989; Gessel, et. al.
1990; Everett, et. al. 1994.) Forest management practices and their impacts on the
environment are scrutinized daily by the media. The National Forests are managed under
principles of multiple use and sustained yield “without impairment of the productivity of
the land.” Soil health and quality are embedded in statute for the National Forests of the
United States. Restoration of stressed sites, and processes is an integral component of
sustaining forest ecosystem health (Everett, 1994.) Understanding the role of soils is
crucial to understanding stress processes within ecosystems and establishment of
measurable soil quality standards is a means of expressing desired soil conditions
(Meurisse and Geist, 1994.) It is national Forest Service policy to have soil quality
standards to ensure sustainability and long-term productivity of forest ecosystems. The
several Regions have developed and implemented standards, or measures, of soil quality
since the 1970’s.

. .
Definltlons:  The terms, soil quality and soil health, often are used interchangeably.
However, there are some subtle differences between them. Soil quality can be defined as:
“the & of a specific soil tofunction,  within natural or altered land use boundaries,
to sustain or improve plant and animal productivity, water, air quality, and human health
and habitation.” (NCSS SQ Committee, 1995) Health is defined as “freedom from
disease or ailment; the general condition of the body or mind with refemce to soundness
or vigor (Am. College dictionary). So, I define soil health as “the condition  of the soil
with reference to its inherent quality and pto,>

The subtlety is in the capacity to function versus the condition of the soil relative to its
inherent qualities.

Vital Soil Functions: Vital soil functions are to: (1) Sustain biological activity, diversity,
and productivity; (2) partition water, energy and solute flow; (3) filter, buffer,
immobilize, and detoxify organic and inorganic materials; (4)store and cycle nutrients
and other materials; and (5)support  structures and protect archeological treasures.
Therefore, we can say a soil is unhealthy if the soil quality standards are exceeded so that
the ability to perform the vital functions is impaired.

WHY ARE WE CONCERNED ABOUT SOIL QUALITY OR SOIL HEALTH?

SoilandC~ ILC&QIL‘v’ . . Several recent symposia and publications have focused on issues
pertinent to soil quality and health. “For humankind, soil is the essence of life and

’ Paper presented at West Regional NCSS Conference, Bozeman, MT, June, 1996
‘Regional Soil Scientist, USDA Forest Service, PacificNorthwest  Region, P.O. Box 3623,
Portland, OR 97208-3623



health.” This opening sentence of the Preface to the SSSA Publication, Defining Soil
Quality for a Sustainable Environment, captures the significance of the soil resource for
sustainability of human life and economic well being (Doran.  et. al.19941.  In the Forward_,
to this same publication, President Darrell Nelson states that for soil quality to become
part of the mainstream of soil or environmental science programs, “there must be
acceptance of the definition of the term and quantitative indicators must be developed.”
concur. Definition is important for communication and establishment of quantitative
measures is critical for monitoring conditions. The importance of sound soil and water
management in the development and advancement of civilization is further explored in
SSSA Publication 41, titled ‘Soil and Water Science: Key to Understanding our Global
Environment.” In particular, Hillel (1994),  describes the historic relationship between
soil, water and civilization. The protection of soil quality through the wise use of soil
resources is critical to the sustainability of civilization.

I

Soil Sustainable land use and resilience was the subject of a symposium in
Budapest (Greenland and Szabolcs, 1994). Figure 1 illustrates the extent of soil
degradation from erosion, and physical and chemical causes from major regions of the
world (Szabolcs,  1994). Nearly two billion ha. is degraded worldwide. Most is from
erosion. South America, Africa, and Asia have several hundreds of millions of hectares in
degraded condition. Most is from water and wind erosion. Although Mexico and Central
America and North America are among the least of all Regions, many millions of ha are
degraded. In North America, there is no measurable amount shown for physical and
chemical degradation. Yet, studies have shown that many areas have reduced
productivity and quality largely because of erosion and physical degradation from soil
compaction (O’Laughlin  and Pearce, 1984; Froehlich and McNabb, 1984; Follett and
Stewart, 1985; Sullivan, 1987; Berg, 1988; Geist, et. al. 1991). So, these may be
underestimates. Most of the degradation in forest systems is due to physical degradation,
namely soil compaction (Sullivan, 1987; Froehlich and McNabb, 1984) and erosion
(Megahan, 1981; O’Laughlin  and Pearce, 1984; Berg, 1988).

-health productivity: Forest health and ecosystem health have emerged as major
concerns in the United States. Usually, the forest health discussion has focused on
insects and diseases that have increased mortality in the western and southern parts of the
country. These often are only symptoms to more underlying stresses regulated by
soil/climate systems. Concerns have been raised about the long-term productivity and
sustainability of forest ecosystems. Several symposia and conferences have focused on
the multiple facets of this issue (Perry, Meurisse, et. al. 1987; Gasboro and Slaughter,
1987; Gessel, Lacate,  Weetman and Powers, 1990; Harvey and Neunschwander, 1991;
McFee  and Kelly, 1995). Soil quality, health of forest ecosystems, and sustaiability of
ecosystem processes, including standards, monitoring methods and management practices
have been central to these discussions.

s for MO- Conserving mountain ecosystems and
cultures demands special attention (Denniston,  1995). Mountains span one fifth of the
landscape and are home to one tenth of humanity. Mountain cultures and ecosystems
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face three primary threats from the expanding world economy: land scarcity fueled by
inequitable ownership patterns and control of public resources, intensive resource
extraction, and mass tourism and recreation. Denniston characterizes mountains as
“vertical islands of cultural and biological diversity surrounded by seas of biological
impoverishment and cultural homogeneity.” Mountain ecosystems are of particular
concern because the soils there often are less well developed than on more gentle slopes
and are subject to intense storms that can accelerate erosion. Mountain soils also may be
less resilient than deeper, better developed soils on lands of low relief and lowlands with
older geomorphic surfaces. Mountain ecosystems usually are managed for forestry,
range, watershed and recreation activities. More than half of humanity receives its water
supply from mountain watersheds. Thus, mantenance  of soil quality is particularly
important in mountain ecosystems.

Development of quantitative soil quality measures, assessment of soil health conditions
and application of sound management practices is essential for sustainable development
and survival of civilizations. Mountainous forest and rangeland ecosystems play unique
and important roles in the sustainability of civilizations. Soil health is crucial for
achieving ecosystem sustainability and soil quality standards must be appropriate for
these conditions.

SOIL QUALITY-FOREST HEALTH-ECOSYSTEM HEALTH-WATERSHED
HEALTH CONNECTIONS

There is a close relationship between soil quality and health and the quality and health of
forests, watersheds and ecosystems (Figure 2). There is much discussion, debate and
disagreement about forest and ecosystem health and watershed health. Forest health
usually is considered in terms of insects and diseases and their effects on tree mortality.
This is particularly a concern in much of the mountain west and in parts of the south.
Recent infestations of spruce budworrn, mountain beetle, southern pine beetle, and other
insects have caused much mortality. Some root diseases are also a major concern. There
is increasing evidence that some of this mortality is accelerated by other stresses on the
system (Mika, et. al.1992).  The stresses may be due to drought and nutrients, but
detrimental soil conditions from management activities often are major contributors to the
stresses (Everett, et. a,. 1994). For example, soil compaction, displacement and severe
bums, result in conditions that reduce available moisture and nutrients for sustained plant
growth.

Soil microorganisms play a critical role in the functions of ecosystems. They are
particularly important for nutrient cycling, carbon mineralization and energy flow,
nitrogen fixation, and nutrient and moisture supply through mychorrizal  symbiosis
(Richards, 1987; Amaranthus, et. al. 1990; Allen, 1991). Habitat provided by variable soil
conditions influences the species and populations of soil biota. Significant changes in the
habitat from management practices can greatly alter the species and their abundance.
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There is an evolving body of literature defining ecological linkages between soil
processes, plant growth, and community dynamics in the rhizosphere (Molina and
Amaranthus, 1991). Mychorrizae affect soil structure by producing humic  compounds.
Interrupting flow of organic materials to mychorrizae  can cause a deteriortion  in soil
structure and aggregate stability, and reduce forest regeneration and root growth
(Amaranthus, et. al., 1990). Healthy populations of mychorrizal  fungi and other soil
microbes are essential for the growth and survival of tree seedlings, particularly on
droughty and nutrient-poor sites.

Similarly, watershed health has a direct linkage with soil health. When soil compaction
exceeds about 12 percent of a watershed, significant changes in peak flows have been
reported in Western Oregon (Han,  1976). Accelerated erosion from poorly designed or
improperly applied practices decreases water quality,and,productivity  (Megahan, 1981;
O’Laughlin  and Pearce, 1984; Berg, 1988). Properly functioning watersheds are
dependent on properly functioning, healthy soil systems.

The connections between forests, ecosystems and watersheds are dynamic and complex.
They are highly variable in their qualities and in their conditions or health.
Fudamentally, all are underlain and regulated largely by the quality and health of the soil
ecosystem and its complex, dynamic web of properties, processes and functions. These
connections are illustrated by the irregular lines and shapes in Figure 2.

SOIL QUALITY STANDARDS ON NATIONAL FORESTS

Soil quality standards have been established by the Forest Service for the National
Forests since the late 1970’s.  The general concepts and standards are described by
(Griffith, Goudey and Poff, 1990). Specific standards vary by region. The Pacific
Northwest Region developed the first comprehensive set of quantitative soil quality
standards and a procedure for measuring soil physical conditions. These are described by
Meurisse (1987) and Geist et. al. (1991). Sullivan (1987) presented some ofthe most
complete data that illustrates the use of the sampling methods and the effects of some
management practices on soil conditions.

The most common measures of soil.quality  used on the National Forests are various
physical properties. There are others such as erosion, organic matter, and degree of
burning. A general description of the common measures follows.

-measures: bulk density, porosity, soil displacement, infiltration, rutting
and puddling.
EIOSLOn These are more indirect and include soil loss tolerance, some
specified percentage of topsoil loss, effective soil cover, and some percent of
forest floor removal.
-matter X percent loss in surface layers, amount of organic
matter less than some specified quantity, amount of large woody debris, and large
woody debris sufftciency.
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Detrimental  is a measure of loss of 0 horizons and signs of oxidation,
change in soil color at the surface together with the next cm depth blackened.

Specific quantitative standards, or thresholds, determine detrimental conditions. The
detrimental conditions are presumed to be “unhealthy” soil conditions because they are
impaired in their ability to perform one or more of the vital functions. In most cases,
functions of concern are productivity and diversity, water quality and changes in water
and energy flows, and effects on nutrient and carbon cycles.

SOME EXAMPLES OF SOIL QUALITY AND HEALTH ISSUES IN FOREST
ECOSYSTEMS

A few brief examples of specific relationships between soil quality and productivity,
biological diversity, water quality, hydrologic function, and soil borne diseases are
described. Also, the concept of soil resiliency and its application to soil health evaluation
is discussed.

n-  The effects of soil compaction and related loss of
soil structure on tree establishment and growth is well documented (Froehlich and
McNabb 1984). The direct effects of displacement and erosion, also are evident, The
relationship between nutrient depletion and availability is becoming clearer for many tree
species (Weetman, et. a!., 1992; Mika, et. al. 1992). There appear to be some direct links
between potassium availability and tree mortality from insects and diseases, The ratio of
nitrogen to potassium may be significant. Soil organisms are increasingly the subject of
study for their effects on forest soils and forest health. Preliminary results from sampling
soil arthropods and other mesofauna in compacted soils, reveal some changes in numbers
of some species (K. Bennett, personal communication). The significance for tree growth
or diseases is not known.

Soils have a high degree of biological diversity (Richards 1987; Allen 1991; Molina and
Amaranthus, 1991). A high percentage of all organisms make their home in the soil.
Some estimate thst as much as 90 percent of all organims are below ground. Recent
studies found 200 mychorrizal types on one study site in southwestern Oregon (M.
Amaranthus, personal communication). About 50 truffel species were found at the site.
Other studies suggest that sporocarp (mushroom) production may be reduced in
compacted soils. Ectomychorrizal  fungal  types and numbers may be affected by soil
compaction and organic matter removal (M. Amaranthus, personal communication).

Hvdroloelc-Hydrologic  function and water quality are impaired when
soils are compacted and eroded. The literature is replete with studies that document
effects from silivicultural practices, land use and fire on soil and water resources
(Megahan, 1981; O’Loughlin  and Pearce, 1984; Berg, 1988 ).

Soil-Diseases-Soil  borne diseases may be increased when soil health is
impaired by compaction and changes in soil nutrient supply. Surveys and personal
observations have revealed black stain in Douglas-fir and in ponderosa pine in compacted
soils. Black stain reduces the quality and comercial  value of wood products.
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W-The concept of resilience is fundamental to assessing soil quality
or soil health. Resilience is defined variously as the ability to rebound or recover from
some condition or stress. Szabolcs  (1994) defines resilience as follows:

SR=BC,,  + BCch + BCb + j ,,” dPSF/dt + j,,‘dAF/dt

Where: SR =Soil  resilience
BC,,  =Physical  buffering
BC,,  =Chemical  buffering
Bc, =Biological buffering
PSF =Pedological soil fluxes
AF =Anthropological  soil fluxes

Such an approach to resilience can contribute not only to its interpretation, but to its
modelling  and estimation through further studies. The concept of resilience is crucial to
characterization of soil health. Thus, interpretations of soil resilience need to be made.
Some of the important dynamic factors that contribute to resilience are organic carbon,
soil structure, soil organisms and soil nutrients. Other intrinsic properties include
moisture and temperature regimes, depth, partcle  size distribution and permeability.

SOME PRESCRIPTIONS FOR SUSTAINING AND IMPROVING SOIL HEALTH
DURING FOREST MANAGEMENT OPERATIONS

The discussion about soil health is incomplete in the absence of prescriptions to conserve
soil resources while managing forests for a variety purposes. A key to managing the soil
resources to sustain their health, is to have knowledge of the soils and their behavior in
response lo management practices. Clearly defined, quantitative soil quality standards
are essential. Then, design practices to meet the standards and implement a sound
monitoring program that includes management feedback.

Prevention of damage should be a primary consideration. For harvest and site preparation,
the goal is to reduce the amount of area impacted. This can be done by operating when
soils are in a favorable moisture state, or when frozen or covered with snow. Use logging
methods that minimize ground impacts and minimize the number of entries. Designate
skid trails and re-use them in future entries.

Some practices that minimize adverse effects from fire include doing broadcast burning
within prescription, selective use of underbuming within prescription to reduce fuel
loads, crushing residues in lieu of burning, and selectively piling for burning.
Improvement of soil conditions where soils have been degraded or where inherent
qualitites  are low can be accomplished with management practices. Subsoiling is a
common practice to restore compacted soils. Winged susbsoilers  can be effective. Forest
fertilization can be an important practice where response information and soil deficiencies
are known. A variety of nitrogen-fixing species are known and can be managed so that
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soil quality is improved where nitrogen is deficient. Appropriate application of these
practices, and others, is fundamental to achieve soil and ecosystem health.

FOREST SOIL AND ECOSYSTEM PROCESSES RESEARCH

There are several significant research projects actively investigating various aspects of
soil quality in relation to tree nutrition, productivity and forest ecosystem health. One of
the longer running studies is the Stand Management Cooperative and the portion that
formerly was the Regional Forest Nutrition Research Project at the University of
Washington. It is a cooperative effort with several industry organizations and U.S. Forest
Service and Bureau of Land Management. This project has investigated the relationship
between soil fertility, tree nutrition and tree growth. Nitrogen is a limiting nutrient in
many soils of the Pacific Northwest and significant response to fertilizer additions is
experienced (Chappell, et. al. 1992). The Intermountain Forest Tree Nutrition
Cooperative, at the University of Idaho, also has studied response of interior species to
nitrogen. More recently, the investigations have included the broader aspects of forest
health. Results suggest a relationship between soil nitrogen and potassium and tree
mortality (Mika, et. al. 1992). Management practices that diminish nutrient supplies from
severe bums or from soil displacement, can impact tree growth and mortality from insects
and diseases because of increased stress.

The USDA Forest Service is conducting a National Long-term soil productivity study of
soil compaction and organic matter removals at three levels each (Powers, Alban, et. al.
1990). Preliminary results seem to confirm previous studies that decreased soil quality
from compaction and loss of organic matter impair tree growth.

The Pacific Northwest Research Station and Region are conducting an integrated, long-
term ecosystem productivity study. A series of integrated research sites is established in
Western Oregon and Washington. This study has some unique and innovative
characteristics. This large scale study, of I5 ha. treatments, integrates physical, biological
and social sciences. It is designed to provide managers, scientists and the public with a
comprehensive and integrated understanding of the ability to manage forests for sustained

4
ecological, social and economic values and is planned to continue for 200 years. The
study includes effects of early, mid and late successional stages on productivity and soil
processes and properties. It also has three levels of organic matter for each successional

1 treatment. This study will examine fundamental soil and ecosystem processes including
carbon sequestration and cycling, soil organisms and net primary productivity.

RESEARCH, DEVELOPMENT AND APPLICATION NEEDS

In order to have a broader understanding of the extent of soil degradation and causes of it,
1 an assessment of soil conditions is needed. While there are individual studies,

monitoring projects, and observations, there is not a comprehensive assessment of soil
conditions. This is especially true of forest ecosystems.
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Measures of soil quality need to be developed and tested for three distinct groups. Land
owners and managers need to have general, qualitative and quantitative measures that are
easily observed or measured. Technical advisors require somewhat more inclusive,
quantitative, measurable standards for monitoring soil conditions. Research scientists
need to consider a variety of quantitative measures including physical, chemical and
biological properties and processes. Soil organisms, microbila biomass, enzyme studies
and other biological measures should be tested to determine effects of management
practices on population distributions, numbers, and processes. Much of the research to
date has been fragmented and lacks a comprehensive knowledge base for setting policy
about soil quality or soil health issues. An integrated and coordinated research,
development, monitoring and applications effort is needed to maximize effectiveness of
scarce resources. The NRCS Soil Quality Institute is a beginning for this approach.

Sustainable healthy forest ecosystems and watersheds are intricately linked with healthy
soil conditions. An understanding of the basic soil ecosystem properties and processes is
essential to sustaining soil quality and soil health. Life and civilization depends upon
sustaining the quality of soils and their ability to perform their vital functions.
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Soil Quality
& NRI Pilot Project

Presented by
Cathy A. Seybold

Soil Quality Institute, NRCS

Soil quality is not a new, it has been around for some time. The term “soil quality” is
usually used by the scientific community, whereas “soil health” is preferred by the farmer or land
manager (Karlen  et al., 1995). In the soil quality/soil health literature, the terms are generally
used synonymously, and also will be for the purpose of this presentation. Historically, soil quality
meant suitability of a soil for a specific use (Warkentin, 1977). Today, the meaning of soil quality
has been adapted for current needs and new knowledge gained of soils.

A generally accepted definition of soil quality is one that was developed by an ad hoc
committee of the Soil Science Society of America (Karlen  et al., 1995): “The capacity of a
specific kind of soil to function,  within natural or managed ecosystem boundaries, to sustain plant
and animal productivity, maintain or enhance water and air quality, and support human health and
habitation.” The phrase “specific kind of soil” recognizes that soils are diverse and defined by the
soil forming factors and processes. The “capacity of a soil to function”  is refening  to what the
soil does. Soils perform many functions within a soil ecosystem. Three major soil fimctions  or
goals that define soil quality are to sustain plant and animal productivity, maintain or enhance
water and air quality, and support human health and habitation. From these three function or
goals, five specific or vital functions are defined, they are: (1) sustaining biological activity,
diversity, and productivity; (2) regulating and partitioning water and solute flow; (3) filtering,
buffering, degrading, immobilizing, and detoxifying organic and inorganic materials, including
industrial and municipal by-products and atmospheric depositions; (4) storing and cycling
nutrients and other elements within the earth’s biosphere; and (5) providing support for
socioecomic  structures and protection for archeological treasures associated with human
habitation (Karlen et al., 1995). The capacity of a soil to perform these functions will very with
soil type, kind of land (e.g., rangeland, agricultural land, wetland) and land use.

The capacity to t?mction  (soil quality) can be viewed with respect to soil in two ways: (1)
as it relates to a soils inherent or natural capacity to fimction (inherent soil quality); this is defined
by the soil forming factors and processes that developed the soil. Therefore, different soils will
have different capacities to function, and thus, different qualities. Soils are compared against each
other for their capacity to fimction under a specific use.

The second view relates to the changing or dynamic capacity of a soil to tinction  as
inlluenced  by land management and use. This relates to soil quality changes over time as a result
of human influences and land management. Under this view, quality is compared to a standard
state or reference condition. This reference condition could be its natural state, or some baseline
condition; the key is that a reference condition is established. Quality can be monitored in
comparison to this reference condition (on the same soil) over time to determine ifthe soil is
being sustained, aggraded or degraded. Then corrective action can be taken to reverse a declining



situation. Another way for assessing soil quality is to establish standard values for the reference
soil condition, and then measured values are compared to the standard values.

To evaluate soil quality, certain concepts need to be kept in mind. The first, is that soil
quality goals need to be established; these are generally to maintain plant productivity,
environmental quality, and human and animal health. Second, based on the goals, specific soil
functions should be defined that evaluate these goals. Third, appropriate indicators are then
established that “‘point to” or indicate ifthe  soil is functioning effectively, of course, within the
limits of its inherent capacity. To evaluate soil quality from a set of indicators, an index is usually
developed and used.

Soil quality indicators should encompass the biological, chemical, and physical attributes
of the soil. Other indicators besides soil attributes are aspects of the crop, such as yield, plant
vigor, root development, etc; or offsite impacts such as ground water quality or surface water
quality (Acton  and Gregorich, 1995). Remember environmental quality is also a goal of soil
quality. Indicators of soil quality should also be sensitive, easily measured, reliable, and
reproducible (Doug L. Karlen, personal communication).

It would not be economical or feasible to measure all soil attributes to assess its quality, so
a core set of attributes called a minimum data set (MDS) are selected, that collectively indicate
the quality or effective functioning ofthe soil (Larson and Pierce, 1991). Several minimum data
sets have been proposed (Larson and Pierce, 1991; Arshad and Coen, 1992; Doran and Parkin,
1994). The most recent MDS proposed is that described in table 1.

A soil quality index can be used to assess the quality of a soil. Several methods for
computing a soil quality index have been proposed (Pierce and Larson, 1993; Smith et al., 1993;
Doran  and Parkin,  1994; Karlen et al., 1994a). The soil condition index ofNRCS is currently
being resurrected and updated as a useful tool to evaluate soil quality or condition. Another
index that shows promise is the soil tilth index, which was developed by the Soil Tilth Laboratory .
in Ames, IA (Singh et al., 1992). A systems engineering approach was used to develop a soil
quality index from a MDS (Karlen  et al., 1994a,  1994b). This approach will be used in the
Natural Resources Inventory (NRI) pilot study to assess the quality of the soils.

A pilot study of the NRI was initiated in 1996 to (1) determine the feasibility of using the
NRI sampling frame to assess soil quality, (2) test indicators of soil quality, (3) assess the
temporal and spatial variability of indicators, (4) assess soil quality on an MLRA and soil series
bases, and (5) develop a blueprint for future NRI assessment of soil quality. Cooperators in the
project include the National Soil Survey Center, National Soil Tilth  Laboratory, Oregon State
University, Soil Quality Institute, NRI & Analysis Institute, NRI Division of NRCS, and several
Agriculture Research Service Laboratories.

The pilot study will be conducted in four and possible five Major Land Resource Areas
(MLRA) of the United States; these are (1) IvILRA  9, Palouse  and Nez Perce Prairies (2) MLRA
67, Central High Plains (3) MLRA 77, Southern High Plains, (4) MLRA 105, Northern
Mississippi Valley Loess Hills, and (5) IvfLRA  136, Southern Piedmont. In MLRAs  67, 77, and
136, soil quality will be assessed on a soil series bases, while in MLRAs 9 and 105, it will be



assessed on an MLRA basis without regard to soil type.
Within each MLRA of the pilot study, the goal will be to sample 100 Primary Sampling

Units (PSU).  Within each PSU, two out of the three PSU points will be sampled. At each PSU
point, soils will be sampled at two depth; 0 to 1 and I to 4 inch depths. If there is a mixed plow
layer, than just one depth, from 0 to 4 inches, will be sampled. The maximum total number of
samples will be 400 from each study area or MLRA

Measurements taken at each point will include (1) site characteristics (Table 2) (2) Bob
Grossman’s ‘Near Surface Point Soil Quality” evaluation (Table 3), and (3) soil quality indicators
from a MDS (Table 4). In addition to the above, in MLRA 9 only, addition biological properties
will be measured; these are total active bacteria and fungi, VAM root colonization, nematodes,
protozoa, and soil enzyme analyses (beta-glucosidase and arylsulfatase).

A reference condition for most of the soil quality indicators measured will be established
for soils that function similarly or are genetically similar. From these reference values scoring

1 functions and an overall index will be developed to evaluate the quality of the soils in the study
areas.

Table 1. Minimum Data Set @IDS) of soil attributes to
assess soil quality (after Doran and Parkin, 1994).

Texture
Depth of soil, topsoil, & rooting
Infiltration & bulk density
Waterholding capacity

Chemical

Soil organic matter

PH
Electrical Conductivity
Extractable N, P, & K

Microbial biomass C & N
Potentially mineralizable N
Soil respiration (water content & temperature)



Table 2. Site characteristics recorded for
the 1996 NRl pilot project.

Identify soil type - auger hole
Landscape position - surface con&
Surface relief - tillage
Visual erosion features
Rock fragments - surface cover %
Land use/crop history
Soil rooting barriers
Irrigation

Table 3. Near surface point soil quality
evaluation (Bob Grossman, NCSS).

Pedon description to 30 cm depth
horizon, depth, % clay & sand,
water state, most consistence,
structure (shape, grade, size),
and macropores

Measure crust expression
Measure bulk density

zone of maximum density

Table 4. Soil quality indicators measured in NRl 1996
nilot nroiect.

Organic C Aggregate stability
Organic C & N Potentially mineralizable N
CEC Particulate organic matter
Ext. Al & bases Microbial biomass

PH Basal respiration
EC&SAR Herbicide residue
Texture PAH
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Precision Agriculture, Remote Sensing, NASA’s Mission to Planet Earth, the Internet,
Public Access Resource Centers and the Soil Survey

G. A. Nielsen, Dept. of Plant, Soil and Environmental Sciences
Montana State University
Bozeman. Montana 59717

NCSS Western Regional Conference, June 1996, Bozeman, Montana

ABSTRACT

Precision agriculture and site-specific crop management are part of a conversion to agriculture practices in which
fertilizers, herbicides  and other treatrnenlr  are applied precisely where and when they are needed according to soil
conditions. Global positioning syskm  receivers allow accurate navigation of field implements and creation of crop yield
maps. Digitized aerial photographs and remok sensing produc1s  from space can help producers explain the wide range
ofyiclds  show on maps~ These products enhance soil survey information as a basis for digitized field management
maps. Previous public and commercial sources of remote sensing products for agriculture did not provide services that
generared a suslained demand by crop producers, oAen  because relevant data were no1 processed quickly enough to
a!&1 important decisions~  Public Access Resource Centers (PARCs)  could provide soils data, weather information and
a nearly unintermpted  electronic flow ofremote  sensing data from NASA’s Mission to Planet Earth MODIS  and other
sensors that could monitor crop conditions for producers and their advisors~  This early warnin~opportunity  .vstem

. would provide a low cost way to discover unexpected conditions that merit examination on the ground Spectral
reflectance values could indicate an opponunity to improve crop quality, for example, by increasing protein conlent
through supplemental applica1ion  ofnitrogen  ftiilizer. High-spatial resolution digital aerial photographs or data from
new commercial sakllite  companies would supplement soils information as the basis for applying the nitrogen site-
specifically. These detailed (I to 4 m resolution) data are too expensive to acquire olkn and must he limed so as lo
represent difkences in water supply characteristics and crop yield potentials. The importance of soil surveys, remote
sensing products, and agronomic research will not he fully realized until they are merged to provide the knowledge,
predictions, and the specific prescriplions  that crop producers need to conhol operations and improvc  site specific
outcomes

Fig I was developed from discussions with G.Uehwa and others during a “brain storming session at the NCSS
conference in F3ozcman Junc.l996~ The iigure illustrates the impotiancc  of merging agronomic research with resource
inventor  10 “htain the knowledge, predkctions and prescriptions that producers need 1” control operations and benefit
from site-speak  management,





Evaluating Management Impacts on Long-Term Soil Productivity:
A Research and National Forest Systems Cooperative Study

Debbie Page-Dumroese, Soil Scientist
Intermountain Research Station, Moscow, ID

Abstract

limber harvesting and mechanical site preparation can reduce site sustainability if they
excessively disturb or compact the mineral soil or remove the surface organic matter.
Volcanic ash-influenced soils with low undisturbed bulk densities and rock content are
particularly susceptible. This paper outlines the Forest Service’s National Long-Term
Soil Productivity Study and gives local results from northern Idaho.

Background

Sustaining the wood-growing capacity of commercial forests is a fundamental goal of
forest management in North America. Rotations are shortening, residue use is’
increasing, and site preparation is intensifying in many regions. Removing more
organic matter increases the loss of nutrients and organic materials important to soil
resiliency and microbial activity. More mobile machinery is used each year in
harvesting and site preparation, thereby increasing the risk of soil compaction. Do such
practices threaten the long-term productivity of the land? Scientific evidence, though
rare and fragmented, suggests this may be so. Thus, sustained, long-term productivity
of forest land is emerging as a legal and scientific issue. As the world’s largest forest
management and forest research agency, the US Forest Service has lead
responsibility for tackling this issue.

Regulations

The Multiple Use-Sustained Yield Act of 1960 binds the Forest Service to achieve and
maintain outputs of various renewable resources in perpetuity without permanent

1 impairment of the productivity of the land. Section 6 of the National Forest
Management Act of 1976 (NFMA) charges the Secretary of Agriculture with ensuring
research and continuous monitoring of each management system to safeguard the
land’s productivity.

Justification

Our ability to maintain the soils productive capacity faces increasing public challenge
through Forest Land Management Plan (FLMP) and timber sale comments and
appeals. Results from this cooperative study will provide creditable responses to these
challenges, and will address related research needs identified in FLMP’s across the
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nation. Initially, existing soil quality monitoring standards will be compared with interim
findings and can be adjusted to reflect the most recent research results. The fact that
the Forest Service is aggressively addressing the problem shows “good faith”
intentions, and should further alleviate challenges concerning soil productivity. More
substantive information will be available to deal with the next round of planning.

Joint effort

Our technological ability to disturb soil is advancing much faster than our assessment of
its impact on fundamental resources. The oldest designed experiments in the U.S.
rarely included the degree of soil disturbance possible with today’s equipment. While
case studies show that the productive potential of a site can be degraded by losses of
organic matter and total soil porosity, the most definitive work has been done outside
the U.S., and has centered on sandy soils and mesic  to xeric  moisture regimes. Work
on finer-textured soils and in cooler and moister climates tends to be short-term, limited
in scope, retrospective, and often confounded. Because of this, results from existing
research can not always be extended broadly to tackle the questions facing National
Forest Systems.

A new approach, which crosses traditional lines of study, is needed to understand how
management practices affect soil processes and potential productivity across a broad
spectrum of sites. This cooperative study alters site organic matter and total soil
porosity over a range of intensities encompassing those possible under management.
This creates a network of comparable experiments producing nil to severe soil
disturbance and physiological stress in vegetation over a broad range of sites and
climates. Establishing and monitoring this network directly addresses the needs of
National Forest Systems, and creates a research opportunity of unusual scope and
significance. The work fosters close cooperation between Research and National
Forest Systems, and opens the door for important collaboration with university
researchers (for more information about study design see Powers and others 1990).

Long-Term Soil Productivity Study in Idaho

The Intermountain West has extensive areas of forested land on volcanic ash soils
(Geist and others 1989).  These areas are highly productive, but prone to compaction
because they have a low volume weight (weight-to-volume ratio) and relatively few
coarse fragments in the soil profile (Geist and Cochran 1991). Their undisturbed bulk
density is about 0.70 glcm3,  porosity 77 percent, coarse fragments 20 percent, and
available water 25 percent (see Geist and Cochran 1991).

Once these sites have been disturbed through timber harvesting activities and site
preparation, porosity (Dickerson 1976; Moehring and Rawls 1970) and hydraulic
conductivity (Gent and others 1964)  declines. Relatively little information exists,
however, relating the quantity of residual organic matter and the intensity of site
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preparation to compaction levels in the soil profile before and after harvesting.

Site Description

This study was conducted on a bench adjoining the Priest River at the Priest River
Experimental Forest, Priest River, ID. The study area receives about 83.8 cm of
precipitation annually, with a mean annual temperature of 6.6 ‘C. The habitat type is
classified as Tsuga heterophyl/aKlintonia  uniflora (Cooper and others 1991). The soil
has a silt loam surface layer 28 to 38 cm think, derived from Mount Mazama volcanic
ash. The subsoils is 50 to 75 cm thick. It isa silty clay loam derived from glacial
lacustrine sediments. These are underlain at depths of 60 to 100 cm by gravelly to very
gravelly sands and sandy loams deposited by alluvial processes. The soil is a medial,
frigid Ochreptic Fragixeralf (Mission series). Before harvest, the site consisted of a well-
stocked stand of about  90-year-old  western white pine (Pinus monticola Dougl. ex D.
Don), western hemlock (Tsuga  heterophylla  (Raf.] Sarg.), Douglas-fir (Pseudofsuga
menziesii var. glauca  [Beissn.] France),  and western larch (Larix occidentalis Nut). In
the past, the site was part  of the Priest River Arboretum.

This site was divided into nine 0.8-ha plots surrounded by a 200-m buffer. Trees were
directionally felled and skidded along a central skid trail or from the plot boundaries to
prevent compaction during harvesting. The treatments followed a three-by-three
factorial design as follows:

COMPACTION LEVEL ORGANIC MATTER  LEVEL
1

no compaction (C,) Bole only removal
no compaction (C,) Bole and crown removal ::!I?;
no compaction (C,) Bole, crown, & litter removal (CM:)

medium compaction (C,) Bole only removal
medium compaction (C,) Bole and crown removal ::I?;

1 medium compaction (C,) Bole, crown, & litter removal (GM:)

severe compaction (C,) Bole only removal (GM,)
severe compaction (C,) Bole and crown removal
severe compaction (C,) Bole, crown, & litter removal I:!?;2

Compaction-free plots did not have any equipment on them during harvesting or site
preparation. Moderate compaction was achieved by driving a Grappler log carrier over
the plots twice. Extensive compaction was obtained with four passes with a D-6
Caterpillar tractor. On compacted plots with surface organic matter, debris was
removed with the first tractor pass to prevent organic and mineral components from



4

being mixed. The organic matter was then evenly redistributed on the plots. Soil
moisture during compaction averaged 25 percent (Page-Dumroese 1993).

In each O.&ha plot, 16 locations were established on a 20-m grid. At each grid point,
soil profiles were examined to measure bulk density (at O-10 cm, lo-20 cm and 20-30
cm depths), soil strength, soil nutrients, pH, ectomycorrhizal colonization, and organic
matter. Understory vegetation samples (grasses, forbs, shrubs, and litter) were taken to
estimate biomass and nutrients. Downed woody transects were installed to measure
total surface woody debris. Three overstory trees in each plot were taken to estimate
biomass and nutrient distribution. One-half of each O.&ha plot had competition
controlled.

Results and Discussion

Figure 1 shows the effects of harvest method and site preparation on soil bulk
densities. When harvest activities were restricted to the designated skid trail, the soil
densities were no greater after harvest than before. However, as site preparation
intensity increased through encompassing more of the site, increasing the number of
passes by equipment, and leaving less surface organic matter, bulk density increased
from 0.60 to 0.81 g/cm3. Even after site treatment, the average bulk density was still
much lower than that of many coarse-textured soils in this region, which can average
greater than 1.0 glcm3.  However, bulk density did increase greater than 20 percent with
four vehicle passes. Large increases in bulk density have been reported to a depth of 5
cm with the first vehicle pass (Kroger and others 1984; Miles and others 1981).

After three years seedling height growth (Figure 2a and 2b), biomass (Figure 3a and
3b), and root volume (Figure 4a and 4b) give mixed results. Each species responds
differently and each measured variable different interpretations. For example, if height
growth were the only variable measured, then western white pine does best in post-
harvest treatments that moderately compact the soil and remove surface organic matter
(with no herbicide treatment). On the contrary, Douglas-fir height growth is best after
moderate compaction, total removal of the surface organic matter, and herbicide
application. If biomass were the only variable measured, western white pine seedlings
should be planted in non-compacted soil with no organic matter removal or herbicide.
However, Douglas-fir biomass is greatest after high compaction and total organic matter
removal. Looking at all the measured variables is more difficult to interpret. Short-term
results may indicate that compaction or organic matter removal may not impair growth.
The caveat of this study is that long-term seedling response will be quite different from
short-term findings and no single measure should be used.

There was a marked reduction in non-mycorrhizal root tips for both Douglas-fir and
western white pine seedlings in moderate and severe soil compaction treatments
(Figure 5) (Amaranthus and others 1996). Soil compaction decreases the ability of
seedlings to capture site resources and may adversely affect reforestation success,
especially on sites where the period for seedling establishment is limited. Non-
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mycorrhizal vs mycorrhizal root tips may be the best bio-indicator of seedling success
(Amaranthus and others 1996). Diversity of ectomycorrhizae may equip the tree and
forest to adapt to changes in season, habitat, pollution, or climate change and improve
the ability of both Douglas-fir and western white pine to grow well over decades and
centuries.

Early results do not show clear treatment differences but the compacted treatments
seem to have better “average” seedling growth. However, the compacted treatments
suppressed competition. Therefore, growth gains may be related to changes in
competition rather than changes in soil physical properties. As seedlings in the
compacted plots grow, their height increment will likely slow due to less soil volume
available for them to exploit. Above ground growth masks belowground processes, as
shown with the non-ectomycorrhizal tips. Site assessments should take into account
both aspects and over time provide accurate evaluations of relative impacts.

This National Long-Term Soil Productivity Study began as a partnership between
Forest Service management and research. It has now developed an international
scope. Test sites have immense demonstration value for training current and new
generations of natural resource specialists. They also provide a valuable tool for
learning more about intensive management which allows us to maximize outputs of
tolerant stands already under management, perhaps taking pressure off intolerant
areas.
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Figure 2a. Average height of 3-year-old western white pine as affected by compaction and organic matter removal.
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USDA Forest Service, No&em  Region and Intermountain Research Station. Moscow Lab IO/i995

lntroducitlg  SOLO:
an interactlve expert system for Soil quality monitoring and Long term ecosystem sustainability

‘What is SOLO? SOLO is a computerized collection of representative documentation on soil monitoring and
,ong term ecosystem sustainability. linked together electronically by topic, author, key word, or key concept.
The information may be surveyed by activating push-buttons on the computer screen.

Yhy is SOLO being created? From a desire to consolidate and cross-reference all Regional soils
nformation in a single library for electronic access, and to make that information available to Forest Service
3ersonnel  in an organized, easily searchable, predigested format, SOLO was conceived to aid in decision-
naking processes involving forest planning. habitat quality maintenance, and mitigation of soil disturbance,
rhether human-induced or natural.

hhat  kinds of information will SOLO contain? The main body of information in SOLO will contain
abstracts  and summaries of published and unpublished studies, analyses, reports, articles, papers, and data
iles, as well as generalized scientific assessments, learned opinions, gut feelings and anecdotes which are
elevant  to assessing and maintaining soil quality in a forest environment. Each item will be selected based on
s applicability and/or its importance to the topic. A few articles of general importance will be included in their
:ntirety.
j

iow is the information in SOLO organized? A system of menus, submenus  and maps is employed to
arganize  the information geographically. as well as by land type, habitat type, ecozone, disturbance type or
:ssociated  guideline, arena of influence, and effects related to a particular event or activity. Also included are
iiscussions  of methods for site selection, sampling, analysis and data interpretation, plus options for mitigation
or avoidance of disturbance. Each item is referenced in a general bibliography and categorized by source.
.opic  and discipline.

;Yow can SOLO be used? SOLO is intended for use by forestry, soils, hydrology, engineering and land
>se professionals in planning and management of activities which will affect ecosystems, or in prevention of
qmelioration  of the effects of natural disturbance events. The information in SOLO may be accessed via
Teveral  pathways, e.g., activity or event, disturbance type, geographic location, or land type, habitat type, or
soil property affected.

When will SOLO be available? SOLO is being developed in two phases:
2hase 1 is the programming of the user interface and document framework, which is complete for the material
‘hat is currently in the information base. A working version of Phase 1 will be available in November, 1995. to
3n advisory group, for testing and review.
‘base 2 is the compilation, parsing and linking of the larger body of information to be contained, and the
expansion of the framework to accommodate it. A first release of Phase 2 is planned for the summer of 1996.
It will be distributed to key personnel at Forest Supervisor’s Offices throughout the Region.

Because forest soil research continues indefinitely, SOLO is a dynamic, evolving product which may never be
“complete” in the definitive sense. New information will be incorporated as it becomes available, and feedback
from users may dictate occasional changes in the system. Maintenance of SOLO’s information base will be
accomplished at the Regional level, by a person or persons as yet unnamed. New versions will be released
on an occasional or need basis, depending on the volume and quality of the changes.

For more information, contact:
Tom Rice, INT Moscow, (208) 883-2308 (DG)  T.Rice522L04A



OPERATOR'S MANUAL: SOLO  Hypertext Docu,,,ent

Ia. Introduction to SOLO
The Region One Soil Quality Monitoring electronic document (SOLO) is an

.ittempt  to create a user interface for easy systematic access of information on
:he standards and guidelines for soil quality, associated detrimental effects
>f forest activities 'and methods for mitigation of those effects, a8 well as

procedures and practices to avoid unacceptable soil disturbance.
As a result of its evolutionary development, SOLO is really a collection of

3 smaller documents. The first document, LEARN, was created to demonstrate the
capabilities of hypertext as a tool for development of the desired product.
The focus at the time was toward a general knowledge base centered on landscape
SCOlogy. LEAFX  consists mainly of a series of brief, off-the-cuff discourses
on landscape ecology and soil productivity, with come pertinent charts, graphs
and Z-efe?XIICeB  inciuded.

I The second document ("SoilBook")  represents the true beginnings of what is
now SOLO. It is an electronic version of the paper document which represents
Chapter 2 of the Region 1 Soil Management Handbook. That paper was formulated
at a meeting of Region 1 soil scientists in April, 1992. The electronic form
xses hypertext methods to allow non-linear, yet structured perusal of the
antents  of the original paper.

The third major component, titled nSoLo,n  is e more typical h y p e r t e x t
Lnterface. Consisting of a series of screens, each of which presents a men" of
'~pushbuttons," &Lo provides the user with a choice of purpose-oriented
pathways to the information. In SOLO, the contents of the SoilBook are
repeated, but are broken into topics, or "chunks," and linked and cross-linked
cc) allow access by a design similar to brainstorming or free association. The
xiginal information is enhanced by the inclusion of graphics, predominantly
r?lectronically  scanned maps and window-like backgrounds, which provide more
avenues for searching of the information.

Ib. Introduction to hypertext
Hypertext, and its offspring, hypermedia, are computer tools for organizing

information, whether textual, graphical, auditory or visual. "Hypewriting"
s,>ftware  allows the creation of "electronic" or "digital" documents, wherein
vxious  types of information appear as individual topics or "chunks," divided
ad arranged according to the contextual relevance of the subject matter to the
theme of the document, and strategically connected by a convenient system of
cross-referencing "links."

These links are similar in concept to the flipping of pages in e paper text
volume to find previous or subsequent information on a key word or concept.
T:x links allow the reader a choice to proceed sequentially through the text or
in a non-linear fashion, for information on a specific topic or topics. They
provide immediate access from one topic to another, and allow a reader to trace
a thought or concept through a document without having to sort through all of.
the included information.

II. Installation
SOLO  is distributed on 2 computer disks. Disk 1 contains the HyperReader

(tm)  software and font-files, plus batch files and initialization files which
will make getting started easier. Disk 2 contains the SOLO document(s) and the
associated graphics and text files.

To install SOLO, first create a new directory called SOLO on your C drive
(C:\SoLo).

Change to the SOLO directory.



Copy disk 1 to the C:\SoLo  directory.
If you prefer to run SOLO  on the hard disk (for faster operation). copy the

Contents of disk 2 to the C:\SoLo  directory.

III. St*rtuP
If you are running SOLO on the hard disk, type "SoLo" at the C:\SoLo>

prompt and press ENTER.
If you are running SOLO  on e floppy drive, place disk 2 in drive A or B;
If disk 2 is in drive A, type nSoLoan at the C:\SoLo>  prompt and press

ENTER

If disk 2 is in drive B, type "SoLob" at the C:\SoLo>  prompt end press
ENTER

The propel- configuration will be copied to the initialization file, end the
SOLO  documents will be loaded. The title ecreen  should appear on your
monitor.

IV. Configuration problems
The HyperReader  software provides a menu system to help with navigation,

configuration, etc. If there is en immidiate  problem with navigation once YOU
have opened the document (or a blank title screen), you may need to change the
directories settings. To activate the menu line, click at the top of the
screen, or press PlO. Go to the, "Options" inenu,  click or press FZiTER,  select
"Directories," click ox. press ENTER. A dialogue box will appear. with the
current search paths/directories listed, and the "Documents" line highlighted.
Type the path to the document files (a:\, b:\ or C:\SOLO)  on the line. Then
activate the "All directories sane as first" button (click or press  Alt+A).  to
change all search paths, click "OK"  05 press ENTER. If there wae a problem
before, you should gee a change in the title page.

V. Navigation
Once you have "entered" e hyperdocument, you have several options for

navigation: pushbuttons, word links,.hot  keys, and menu choices. To begin,
let's concentrate on the pushbuttons.

(* Of cowoe,  you may exit at any time by pressing Alt+FQ.  Upon request  to
exit, you will be presented with the option of leaving a "bookmark." Just like
in paper text8, a bookmark allowe  you to reopen the document at the came point
from which you exited. Choose either "yes" or "NO." '1

On the title screen, there are two pushbutton links: "User's Guide" and
"Table of Contents." If you have a moue, you can activate a link by moving
the cu~8o~  over the link and clicking the left mouse  button. Without a mow=.
you can select a link using the TAB key, and then activate the link by pressing
ENTER or Fl. To return from a link, click the right mou88  button, or prese ESC.

(* Notice that the cursor  arrow changes to a small hand when it is Over a
link. This will help you recognize active links within the document. l )

The User's Guide describes the SoLo  document and offers basic instlUCtione
on how to navigate within the document, much 88 this Operator's Manual does. It
alao  explains the we of the menu options, text links, and hot keys. The HELP
system provides more information.

The "Table  of Contents" button/link move8 to another screen, which presents
a menu Of pushbuttons. These provide a variety.of  pathways to the informetion
in the document. You may query the information  by Guideline, by Method, by
Problem, by State, by Zone or by Forest, ot find out about the 3 types of



Monitoring, or look at Key Terms or other subjects  by activhting  the
corresponding button.

or you may follow the generic links at the bottom of the page: the NEXT
and PREVIOUS buttons, which will take you along pre-set paths thrvigh  the menu
ScreenG. At any time, activating the CONTENTS button will return you to the
Table of Contents screen, allowing you to reorient yourself if you become lost
in "hyperspace."

After stepping into the document for a while, you may retrace each step by
continually pressing ESC or clicking the right mouse button.

You may also activate the built-in hypertext HELP system by activating the
HELP button. Remember, you return from HELP using the ESC key or the right
mouse button, just like in any other link.

Or you can EXIT the document with the EXIT button. Again, you will be
prompted for a bookmark upon exiting.

** The "SOIL MANAGEMEhT  HANDBOOK" button will load the SoilBook  document
'described in the introduction above. The screen format in each of the 3
component documents is slightly different, but the principles of navigation are
the same.

I
Feel free to explore all the documents. You will come acro88  some buttons

whose links are not active. There is nothing "broken"  here; the links simply
have not been made.

Likewise, some of the topics are blank. Nothing is wrong; no information
has been entered. SOLD is still very much a prototype.

Some topic screens  have a white "checkmark" in the upper left corner. If
you click on that checkmark, a "Reader's Note" will pop up, containing some
comment about the information in that particular topic. You may edit those
Notes, delete them, or create your own. This Reader's Notes option allows
a-way communication between co-authors or author and reviewer. Editorial
comments can be saved as Reader's Notes on a floppy disk copy of the document,
and sent to the correspondent for consideration. The correspondent can move
from note to note within the document by pressing Alt+F2.

If you have comments or questions about any screen(s1  or topic(s)  in the
SOLO document, please add Reader's Notes, ewe the document to a floppy disk,
and mail it to T.Rice,  Forestry Sciences Lab, 1221 S. Main, Moscow ID 83843.



INTERAGENCY PARTNERSHIP SUCCESS STORY
OWL MOUNTAIN

SCOTT DAVIS, BUREAU OF LAND MANAGEMENT, COLORADO

1, The beginnings of the Owl Mountain Partnership occurred in
Nevada in 1991. Several land management agencies and interest

\ groups held a livestock and big game symposium to explore long-term
opportunities and benefits which might be attained through
cooperative efforts. The Seeking Common Ground Work Group was
formed with the goal -- "To improve and manage rangeland resources

\
to enhance the long term benefits for livestock, big game, and
other multiple uses and to effectively communicate the success*U.

In 1992, the Habitat Partnership Program requested and
received $55,000 from Seeking Common Ground to identify and
implement habitat improvement projects that would attract and hold
big game animals on public or private land where conflicts do not
occur. Expansion occurred with agencies and local community
members establishing a committee to resolve a number of resource
conflicts.

The mission was to serve economic, cultural, and social needs
of the community, while developing adaptive long-term landscape
management programs, policies, and practices that ensure long-term
sustainability. Owl Mountain would serve as a prototype decision-
making process using the principles of ecosystem management. "Eco"
comes from the Greek word 480ikos18 meaning home and ecology is the
study of the relationships of organisms (includes people) to one
another and their environment. The key to success is to ensure
that the community and government work together and that each takes
on responsibility of sustainable resource management.

Success will be determined as the following goals are met:

1.

2.

3.

Creation of trust and teamwork to achieve ecosystem health
resolution of conflicts which serve the economic, cultural,
social needs of the community;
Development and implementation of an adaptive ecosystem
management plan across all ownerships, based on issues and
needs; and
Documentation of an implementation process to communicate
knowledge gained from this prototype.

and
and

The area consists of 375 square miles in north central
Colorado. Approximately two-thirds is under federal ownership and
one-third private. It includes over 25 ranching operations and

,. over 300 different land owners.



Eight landowners have combined their grazing management of ,
1000 acres by constructing fences and water developments, and by
establishing riparian zones and a rest rotation grazing system.
The land now falls under the agricultural tax bracket with all
landowners getting paid for grazing. The grazing system allows for
grazing one-year during the growing season, one-year outside the
growing season, and one year of no grazing (rest) to allow for re-
growth and a better balance for cattle and elk and overall ;
sustainability.

Other completed projects includes, establishment of grants and ,
scholarships for local high school to write and print a newsletter
and brochures, completion of a breeding bird atlas survey, a
baseline vegetative inventory, and construction of stackyards to
protect hay on private lands from being used by elk.

On-going work includes water quality sampling (sediment) to I

meet requirements of the Clean Water Act, placing the county soil
survey into a digital form in GIS, and a study to look at
biological aspects of the soil. This might help determine habitat-
diversity changes which might be correlated to declining sage
grouse populations.

Understanding soil organism diversity and responses to
disturbance will help lead to overall sustainability. A systems
approach can measure the net effect of a multitude of organisms in
a cost efficient manner. The systems studied include:
decomposition of plant material, plant productivity and diversity,
and myccorhizal inoculum potential. Decomposition gives an
indication of the amount of plant material being returned to the
soil. Mycorrhizae levels give a general measurement of soil
stability. Previous studies in the region have shown dramatic drop
off in plant diversity and production if mycorrhizae levels drop
below 10%. Two years of data are being analyzed for 3 sites
(grazing-ungrazed; sagebrush-grass site treatedwithherbicide; and
a riparian exclosure). We hope that by combining soil ecosystem
data with plant diversity and biomass data that we will find enough
information to determine ecosystem health and sustainability.



A Qualitative Procedure to Assess Rangeland  Health

Introduction

I Rangeland managers and the public are in a debate about the condition of our nations
rangelands. Issues of these conditions continue to be fueled over issues such as grazing

! fees and state versus federal management of western rangelands. Range managers have
struggled to develop cost efficient and accurate assessment procedures since the public

\ rangelands were first allocated.

r Early rangeland inventory techniques included combinations of quantitative and qualitative
data gathering to identify livestock carrying capaciv and stocking levels. An Interagency
Range Survey Committee developed a procedure based on ocular estimates of cover and

1
vegetation composition to determine livestock forage production in 193 7. Included in this
procedure were qualitative procedures to determine soil erosion status (Wagner 1989).
Early monitoring procedures e.g. Deming Two-phase and Parker Three-Step included a
‘scorecard approach” using indicators to determine “site-soil stabili@”  and usefulness of

forage for Iivestock  grazing (Wagner 1989).

The Bureau of Land Management used ‘soil surface factors” to determine erosional status
of large acreages of public lands in the 1970’s  (USDI 1973). By 1980 the emphasis in
public land monitoring and inventov  had shifted to the collection of quantitative data e.g.
the Bureau of Land Management’s Soil-Vegetation Inventory  Method (Wagner 1989).

Interest in the use of qualitative assessment procedures surfaced again in the 1990’s. The
Bureau of Land Management  published a Technical Reference (TR 1737-9) in I993 that
utilized a qualitative checklist to assess the functioning condition of riparian areas (USDI
1993). The National Research Council published a book on Rangeland Health (Committee
on Rangeland Classification 1994) that included a matrix of indicators to qualitative&
assess rangeland health.

Concurrently, a committee of the Socie@ for Range Management developed an approach to
identify thresholds of soil stabilig  for sustainable management flask Group on Unity in
Concepts and Terminology 1995). The Western Regional Research Coordinating
Committee-40 on Rangeland Research reviewed monitoring and inventory techniques of the
various federal land management agencies and concluded that cost effective and efficient
assessment techniques were needed (Range Improvement Task Force 1994).

These recent publications sewed as the impetus and direction for initiation of an
interagency Workgroup whose task was to develop and field test an assessment procedure
for rangeland health that relied entirely on qualitative measurements or judgments. This
Workgroup benejitted greatly from reviews of historic qualitative assessment techniques
and the recommendations on new approaches provided by the Society for Range
Management, National Research Council, and the Range Improvement Task Force.
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What is Rangeland Health?

The 1994 National Research Council  publication, “Rangeland Health, New Methods to
Class&,  Inventors: and Monitor Rangelands” defined rangeland health as,

“the degree to which the integrity of the soil and
ecological processes of rangeland ecosystems are maintained”

Stated dtfferently,  healthy2 rangelands are present when ecological processes are functioning
properly to maintain the structure, organization, and activity  of an ecosystem over time.
The end product is an ecological system that is capable of sustaining the capaciw of
rangelands to satisfy  values and produce commodities.

!

Ecological processes include the water cycle (the capture, storage and release of
precipitation) energy> flow (conversion of sunlight to plant then animal matter) and nutrient
cycling (the flow of nutrients such as nitrogen and carbon through the physical and biotic
environments). Ecological processes functioning within a normal range of variation will
suppoti appropriate kinds and proportions offlora and fauna. Direct measure of the
efficiency of the ecological processes is difjicult  due to the complexity of the
interrelationships. Therefore, vegetation attributes are often used to estimate the functional
status of ecological processes.

Purpose

Certain public land issues become controversial due to the inability of participants to agree
if _a problem even exists. If the basic procedures to foster the visualization, communication
and resolution of rangeland health issues are available: then people with diverse
backgrounds can work together to find common ground. A qualitative procedure to assess
rangeland health is proposed as an effective communication and assessment tool to arrive
at local resolution of rangeland health issues. This procedure is also proposed as a tool to
identify areas where rangeland health is satisfactory, at risk or unsatisfactov without
establishing cause or trend of the condition.

INDICATORS

Unfortunately ecological processes are difficult to observe or monitor in the field due to the
complexity of most rangeland systems. To characterize the health status of a selected
landscape, indicators are used to assess the condition of selected plant and physical
environment attributes. An indicator is a component of a system whose characteristics
(presence or absence, quantity, distribution) are used as an index of those attributes that
are too difJcult,  inconvenient, or expensive to measure,
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Historically, resource inventories and monitoring by land management agencies focused on
vegetation attributes (production, composition, density, etc) and soil stability. Such
assessments are inadequate to determine rangeland health because they do not reflect the
complexity of the ecosystem. There is no one indicator of ecosystem health; instead a suite

!
of key indicators should be used for an assessment (Karr 1992).

The Qualitative Assessment of Rangeland Health procedure includes four categories:

\ 1. Cover by vegetation lifeform  and ground cover for site protection (see
attached Cover Worksheet).

2. Species abundance relative to dominant plant cover (see attached Species
Abundance Worksheet).

1 3. Physical environment status based upon 10 indicators (see attached Physical
Environment Worksheet).

4. Biotic environment status based upon 8 indicators (see attached Biotic
Environment Worksheet).

A Rangeland Health Site Documentation worksheet (attached) is also completed to record
location of assessment, ecological site(s), and other relevant landform  features and site uses.

In this Qualitative Assessment Procedure, physical and biotic indicators are evaluated in the
field and an appropriate descriptive category is selected for each indicator. The descriptive
categories roughly correspond to functioning (healthy), at risk, and improperly functioning
(unhealthy) condition.

Physical Environment Rating

In the physical, i.e., abiotic environment, indicators are used to assess soil and watershed
stability. Soil stability and proper watershed function are important because they promote
normal capture, storage and release of water. Indicators of soil and watershed condition
are listed in the attached Physical Environment Worksheet. Information on the Cover
Worksheet should be reviewed prior to completing the Physical Environment Worksheet.

Biotic Environment Rating

In the biotic environment, indicators are used to assess the integriw, structure, and frrnction
of the flora, fauna, and ecological processes. Most indicators in the biotic environment
are focused on vegetation attributes since they are the most easy to observe during the short
period of time allocated to conducting the qualitative assessment. Biotic indicators are
listed in Biotic Environment Worksheet Both the Species Abundance and Cover
Worksheets should be reviewedprior to completing the Biotic Environment Worksheet.
The physical and biotic indicators on the worksheets represents the minimum requirements
to subjectively assess health status in most ecosystems. Indicators can be added or deleted
for unique situations in an ecosystem.
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Ecolo&al Reference Areas

Before assessing the health of specific landscape units, some understanding of the
structure, function, and dynamics of the local landscape is required. To obtain this
understanding, field personnel use Ecological Reference Areas (ERA) for training and as
comparison areas for site evaluations. An ERA is a landscape unit in which ecological !
processes are functioning and the vegetation complex has adequate resistance to and
resiliency from major disturbance. This concept is similar to that proposed by the Western
Regional Research Coordinating Committee-40 on Rangeland Research of using well-
managed rangelands and appropriate relict areas on given ecological sites as benchmarks
for assessments (Range Improvement Task Force 1994).

At each ERA, an interdisciplinary team takes photographs and records baseline information
) on system attributes and indicator status by completing all worksheets and conducting
quantitative cover studies. This information is used for training, future comparisons, and
developing photo guides for assessment of landscape units with similar site potentials.

The critical link between observational measurements of indicators and determining the health
status of a landscape is the interpretation process. The indicators are evaluated and a final
status determination of physical and biotic status is made. This procedure relies upon the
collective experience and knowledge of the interdisciplinary team to rate the indicators and
make the final physical and biotic rating.

This process produces separate ratings for the physical and biotic environment for each
landscape unit. The physical environment utilizes the same final rating of:

I) Functioning, 2) At Risk, and 3) Improperly Functioning.

The biotic environment is classified into three categories following the wording in the
Rangeland Health publication (NRC 1994):

2. Biotically: a) Healthy, b) At Risk, and c) Unhealthy

Determination of the physical and biotic status is based upon a “preponderance of evidence”
approach. The relative significance and rating of each indicator are determined by an
interdisciplinary team to arrive at the physical and biotic status of a landscape unit.

The Improperly Functioning and Unhealthy ratings are further subdivided into “reversible”
and “irreversible” categories. This classification allows the separation of landscape units that



will recover with management changes in a 20-30 year period with those that will require
artificial restoration involving high labor and material costs. An example of an irreversible,
unhealthy ecosystem is the cheatgrass monocultures in Idaho’s Snake River Plain. The system
is biotically unhealthy and would require competition control i.e. herbicide or mechanical
control of cheatgrass and reseeding with perennial vegetation to move it back to a healthy
rating.

1 Applications

I, This process is intended to provide resource managers and the public with a tool to determine
the health status of selected rangeland landscapes in a relatively short period of time. The
primary purpose is to serve as a communication tool to help educate and train BLM’s many

!
customers and stakeholders as well as its own managers and resource specialists.

The assessment procedure does not establish the cause of at risk or unhealthy rangelands; it
simply identifies where a problem exists. This procedure is not intended nor designed to
replace quantitative monitoring, serve as a trend indicator, or provide data that can be
aggregated for a national report on rangeland health.

SUMMARY

Qualitative assessments of rangeland health provide land managers with timely information on
site stability and biotic integrity. Early warnings of resource problems allow application of
remedial management actions before site degradation proceeds to a nonfimctioning or
unhealthy situation. However, more research is needed to quantify indicator attributes and
identify thresholds for physical and biotic status. Once this information is available the
assessment of rangeland health will become more of a “science” and less of an “art”.
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Rangeland  Health Slto Dooumontatlon

State District/Region

Management Unit Watershed

Major Land Resource Unit

Identification Number or Name (if applicable)

Location: Legal T.- ,R._ I Sec._ , -l/4, - l/4.

Latitude I Longitude

UTM Coordinates

Observers: Date:

SITE CNARACTERISTICS

Ecological Site

Soil Map Unit Name

Geology or Parent Material Aspect

S l o p e Elevation ft. Topographic position

Climate: Annual Precipitation

Recent climate: l)Drought_, 2) Normal_, or 3) Wet Period

BITE USES

Describe wildlife and livestock use in the area of the
assessment

Describe evidence of recent disturbance (wildfire, recreation,
grasshoppers,etc.

COMMENTS



Cover Worksheet

ESTIMATED LIFEFORM AND CPROUND

COVER CLWSES

,__.__...,..,.,__.................................... .

LIFEFORMS

Annuals,_____,,,..,,,_._._.....................................

Native Perennial.,,.,.........._........... ,,,,,,......................

.._._,_.__,......___.....................,..............

P e r e n n i a l,_.__....,  ..,. ,. .

III - SFIRUSS

. .._..,,,._,___..._.....................................

IV - TREES. . . .

C O V E R

I - LllTER_. . .

II - BARE GROUND
,.,. _ .____.,,,....._....................................

Ill - ROOK/GFlAVeL.._._,._  ,_ ,_._......,  ., . . . . . . . . . . . . . . .

lV -0RVPTOGAMS._ .___.  ,. ,. ,..... ., ., ,...

v  -vASouLAFI

*ti/cover  In Categories I.-tV. are estimated from lnterspaoe
areas only. Category V. Is an estimate of total vasoular
plant oover.

I

COMMENTS-



Species Abundanoe Worksheet

The dominant species are ranked (l-3) according to abundance on the elte (l-4,
section I) and by lifeform  (l-3, Section II). Abundance ie determined  baaed
upon cover. Noxious weeds are also identified by specles(Secticn  III).

Seotlon I- Dominant Speoles on S i t e
\

1.

: 2.

4.

Seotlon II- Dominant  apaoles  by Illdorm

Annual Grasses. Annual Forbs.

Perennial Grasses Perennial Forbs

2.

3.

Seotlon Ill- Noxlour  wredr

3.



Physioal Environment  Worksheet
Relative to EcvlogIc~l  Reference Area(s)-ERA

Few. rlkhl dcoositim Well d&cd. small wilh in~crmi~len~  dcoosils Numerous wiIb soil deposits common

In plaa  or digbl movcmcnl Makralc movemco1. bigger liller displnczd Extreme  movcmenl.  occurs with caeh evcnl

None to slight Wii scoured  depressions &dent.  smnll
around  olanl  clomos

Wii scod  depressions common wiIh large
alolian dewsits aroood plmt clumps

Hard physical and  chemical uv.sLs  widespread
on bare PIMud. stronalv reducioa inGltraIim

None to minimal  with “soft” Pbysicnl  sndlor chemical  crusting  obvious
physical nod/.x  ckmicnl crusts with redocal iotiltralion  oxwring

None  to minimal. ooI restrictive Thin,  weakly restrictive IO mof_s  and writer

uprcselt,  rare and widely spnced Occasionally  present.  c 3” deep

Nooc to kw, ifpracnt gullies are Few present.  active  erosion  (iociscd  sides)
healing a! sides-  & bottom oo<lo%orlco@h

Adequate p %) to ~mtect  sile
I

Marginal  (mound %) for silt protcclioo. lnndcqoalc  (> %) for site proleclioo,
from Kxelenlcd  elusion. c4ccclmtcd  erosion sttiinp, accelemlcd  erosion evident

very -2ommon  n15' or less iotavals. up IO 6’
d=p

Nommow with active aosioo  oo 20% or owe
of length,  some hcadcotting  widen1

Well dishibukd  with bare  vd Bare  @ areas  lart3cr.  more nomcrouf Bare ground  areas “umcrotu  over large  area.
KC.¶Srmall and lesunifmm in distribution most  cover is under bu2s  or shrubs, if present

Pathg: 1.runctioning 2.At Risk- 3 .  Impropor1y  Furrcti0ning:  a) Rcveraib1r
-

b, Irreversible



Blotlo Envlronment Worksheet
Relative to Ecokgkal  Reference Arcr(c>ERA

i;: ~&&ti&kht’.. ,, Y Evidence of reauimt (seed-
(sexual rnd lings.  juvmilts  or vcgetntivc
asexual) spread)inlast5yean

~8.Nuttient’Cyck Mechanisms (leguminous plants.
cryplogamic  crust,  litter. et@ are

~~ adequate for plant  maintmanoe )

One or two  lifeforms  poorly  represented,  #‘s Liiefams domin.¶ted  by me class. #‘s of
of soccies 30??  of exrxctcd  (ERAS) me&s < 505% ofexpected (ERA.9

Marginal diversity of height. six end
distribution of plants  and their roots

Plant community dominated by 1-2 lifeforms
with poor height. size and distribution of
species and their root systems

present  along  roads or scattered in plant common in plant communitywith  areasof
mmmunity, pox threat of fwher expmsbn exotic  plant dominmce

Length and distribution is marginal compared Length and distribution di.&milar  to ecological
lo ecologicdl  reference or-en refclurx mw

Signs of mortality in important species.
prcdwtion of remaining plants declining

Dedd or dexdmt  plants  readily evident.
Lnwbction ofremaining plants is pax.

Plants  &used resulting in reduced  seedstalk Seedmdxedsl&~uctioninadequatefor
and seed production stmdrepl~t during favorable

recruibien~ periods

Recruitment  in last  5 years is spotty md not
fully represmtrdive  of each lifeform

Miuimal  eviti of lzcruitment  in last 5 yea!Y
community dominakd by dead or decadent
plmts

Mcchanirms  arc marginally adequate for M&mism3  are in‘&qlL¶te  to maintain plant
plant  maintcnanoe  and lifeform community lifefomls

Rating: 1. Funct ioning 2 .  At Risk
trtealthy)  -

_ 3. Improlmr1y  F u n c t i o n i n g :  a) R-wr*ib1r b) Ierev.e~l.blr_
Wnhcalthy)







NASIS is widely considered a sophisticated, flexible, well engineered piece of software. This discussion
will not be focused on the software itself, but instead concentrate on the impacts of NASIS concepts on
the way we do business as field inventory soil scientists. A question asked often by the soil mapper is:
What does the move to NASIS mean for me?

In a very brief discussion, I will attempt to outline the revolution in NCSS soil inventory that NASIS is
bringing about, especially for soil scientists weaned on the soil-5, soil-6 data system..

Major points of interest:

-- All components, both major lmost always present) and minor (former inclusions) are represented fully in
the database. Their properties are reported and available for interpreting.

-- Limitations as to the number of horizons allowed for a component are gone. Horizons may be labeled
with official horizon designation. Horizons are not combined into layers in the database.

-- There is no system limit to the number of components in a map unit. The purpose and intensity of the
survey define the limits of how many interpretive components are needed or allowed.

-- Aggregated soil component data is reflected in many cases as a high, low and representative value.
(Examples include: elevation, precipitation, component percent composition, horizon thickness...)

! -- Several legends of different vintages or intensity can be maintained in the database for the same survey
a r e a .

-- Correlation can be truly a two-way street, as map units correlated off the legend may be maintained in
the database for future reference or evaluation.

-- Field observations are aggregated to components based on the purpose of the survey, as outlined in the
Memorandum of Understanding (MOLtI. Soil Taxonomy is used as a guide, not as a restriction in this
process. Soil Taxonomy in concert with desired interpretations form the sideboards on partitioning
observations.

-- Field sampling must be porportional to the variety of components in a map unit, not porportional to the

I
area each may represent. This is critical to providing site data to support all components, both major and
minor (former inclusions) in the database.

_- The interpretation generation process utilizes fuzzy logic to more accurately model results.

-- Interpretations are highly flexible. National sets can be tailored into local sets reflecting local conditions
or properties. New criteria can be tested and validated against the data for uses not previously addressed
or to make more sophisticated existing interpretations.

-- Electronic manuscript generation is facilitated with map unit descriptions being the first to be prototyped
fJuna,  1996).

-- Nasis is very site data hungry. Limited observations are not “matched” to a existing concept (SIR). It
takes significant site data, representing the entire map unit to be able to partition/group these
observations into components based on the purpose and intensity of the survey.



Recent Changes
10

Soil Taxonomy
Bob Ahrens and Bob Engel

Changes to the Family

Particle-size classes and their substitutes

l Previously, Ultisols were the only mineral soil order that did not distinguish fine and very
fine families. Experience has shown that this separation is meaningful and should be used
uniformly in all taxa with the same exceptions applying to all soils. This change will affect
the family classification of many Ultisols.

Mineralogy

1, Kandi and kanhap great groups of Altisols  and Ultisols are now included in mineralogy
classes previously used only for Oxisol taxa. This will combine all soils with low activity
clays into the same group of mineral classes since the clay activity definition for oxic and
kandic horizons is the same.

2. Because Andisols are defined in part by poorly ordered or amorphous material, crystalline
mineral names used for taxa in other orders are not appropriate for Andisols. Instead
amorphic, ferrihydritic, glassy, and mixed classes are introduced for a better depiction of
soil material. The criteria were developed by pedologists in New Zealand. More
weathered Andisols are in ferrihydritic or amorphic  glasses and less weathered Andisols in
the glassy class.

3. Whole-soil (fine-earth fraction). New mineralogy classes were introduced and a definition
changed to classes based on the whole-soil (tine-earth fraction).

A. Magnesic  replaces serpentinitic and the definition is expanded to include Magnesium
rich minerals The name serpentinitic implied only the mineral serpentine

B. Glauconitic is based on the amount of glauconite pellets both volume and weight
percent limits are given.

C. Isotic  includes those soils that have appreciable amounts of poorly ordered minerals,
but do not meet the criteria of the substitutes for particle-size classes. These soils have
unique properties including high 1500 kPa to clay ratios. One of the criterion uses pH

1 values by NaF because this test is a simple index of andic  soil materials. However,
free carbonates in the soil can result in high NaF pH values, so calcareous soils are
excluded from the isotic class.

D. Parasesquic includes some soils that were previously in the oxidic class. The oxidic
definition did not provide meaningful separations. The parasesquic class has no required
clay to iron ratio but the total Fe203 equivalent plus gibbsite must be greater than 10
percent The definition does not require any limits on quartz or weatherable minerals.
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4.
A.

B.

C.

D.

E.

The following classes based on the less-than 0.002 mm fraction have been changed.
Halloysitic requires more than 50 percent I: 1 minerals plus allophane and more
halloysite than any other single mineral
Kaolinitic requires more than 50 percent 1: 1 minerals and more kaolinite than any other
single mineral.
The montmorillonitic  class has been renamed smectitic. Montmorillonite, beidellite
and nontronite are the dioctahedral  expanding 2:l minerals in the smectite group. All
have been detected in the clay fractions of soils. In fact montmorillonite and beidellite
commonly occur together. The group name smectite (smectitic) is more appropriate
since species are rarely differentiated. The definition has been simplified and clarified
to require only more smectite than any other single kind of clay
The definition of vermiculite also has been changed to require only more vermiculite
than any other single kind of clay mineral.
Chloritic classes are deleted from Soil Taxonomy. This should present no classification
problems since no chloritic  families have been established.

5. The following changes were made to the classes based on the 0.02 to 2.0 mm fraction.
A.

B.

The definttion  of micaceous is changed to include pseudomorphs of mica in mineral
grain counts. In some soils, appreciable mica has weathered to kaolinite but the mica
platy or flake morphology has been maintained. Physical properties such as shear
strength are affected by these platy particles.
The paramicaceous class was established to include those soils that have properties
resulting from significant mica and mica pseudomorph content, but they do not make
the greater than 40 percent limit. Low shear strength is still an important property of
soils that meet the criteria of paramicaceous.

Cation Exchange Activity Classes
Ratios of tine-earth cation exchange capacity at pH 7 to percent clay are used to define
classes of cation exchange activity. These classes are used as a component of the family
name in mixed and siliceous mineralogy classes of loamy, loamy-skeletal, clayey-skeletal,
clayey, fine, and very tine particle-size classes in all taxa except Oxisols and kandi and
kanhap great groups of Alfisols  and Ultisols. These classes by definition are subactive.

Family Keys

All of the components of the family with the exception of the contrasting particle-size classes
have been arranged in the form of a key. The key must be followed to correctly classify a
soil. The “key” format should eliminate some of the confusion that has existed in the past
with some of the components of the family.

Application
A number of soil series will need to be reclassified because of NSTH 18. The components of
the family name are listed below in the same sequence in which the components appe+r in the
family name.

Particle-size classes, mineralogy classes, cation exchange activity classes, calcareous and
reaction classes, soil temperature classes, soil depth classes, rupture resistance classes, Classes
of coatings, and classes of cracks.
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Cation exchange Activity Class follows the mineralogy class in the family name. For
example, Fine, mixed, active, mesic Typic Hapludalfs. The control section for cation
exchange activity classes is the same as that used to determine the particle-size and mineralogy
class. For soils with strongly contrasting particle-size classes, where both named parts of the
control section use a cation exchange activity class, the class associated with the particle-size
class that has the most clay is named. For example, in a pedon with a classification of loamy
over clayey, mixed, active, calcareous, thermic Typic Udorthent, the cation exchange class,
active, is associated with the clayey part of the control section. Note that commas replace the
parentheses around the calcareous  class. For soils with strongly contrasting particle-size
classes, the mineralogy for both named particle-size classes or their substitutes are given,
unless they are the same. For examples, ashy over clayey mixed, active, mesic Typic
Vitraquands or clayey over loamy-skeletal, smectitic over mixed, superactive, thermic Vertic
Ustochrepts. In the first case active refers to the clayey part and in the second example
superactive refers to the loamy part, because no class is used with smectitic mineralogy.

Paralithic Contact
A paralithic (lithic like) contact is a contact between soil and paralithic materials where the
paralithic materials have no cracks or the spacing of cracks that roots can enter is 1 0 cm or
more. It differs from the densic contact and the lithic contact in that the material forming a
densic contact slakes when air dried fragments are submerged in water and the material
forming a lithic contact is in a strongly cemented or more cemented rupture resistance class
(rock fragments).

Paralithic Materials
Paralithic materials are relatively unaltered (do not meet requirements for any other named
diagnostic horizons or any other diagnostic soil characteristic) materials that have a very
weakly cemented to moderately cemented rupture resistance class. Cementation, bulk density,
and the organization is such that roots cannot enter except in cracks. Paralithic materials have
at their upper boundary a paralithic contact if the paralithic materials have no cracks or if the
spacing of cracks that roots can enter is 10 cm or more. Commonly these materials are
partially weathered bedrock or weakly consolidated bedrock such as sandstone, siltstone, or
shale. Paralithic materials can be used to differentiate soil series if the materials are within the
series control section. Fragments of paralithic materials, 2.0 mm or more in diameter, are
referred to as pararock fragments.

Densic Contact

A densic contact (L densus  thick) is a contact more between soil and densic materials that has
no cracks or the spacing of cracks that roots can enter is 10 cm or. It differs from both the
lithic contact and the paralithic contact in that air dried fragments of the material forming a
densic contact slake when submerged in water.



Densic Materials

Densic materials are relatively unaltered (do not meet requirements for any other named
diagnostic horizons or any other diagnostic soil characteristic) materials that have a
noncemented rupture resistance class. The bulk density or the organization is such that roots
cannot enter except in cracks. These are mostly earthy materials such as till, volcanic
mudflows, and some mechanically compacted materials such as mine spoils. Some
noncemented rocks can also be densic materials, if they are dense or resistant enough to
prevent roots from entering except in cracks. Densic materials have at their upper boundary a
densic contact if the densic materials have no cracks or the spacing of cracks that roots can
enter is 10 cm or more. Densic materials can be used to differentiate soil series if the
materials are within the series control section.

Ortstein - Summary of Properties

Ortstein has all of the following:

1. Consists of spodic materials, and
2. Is in a layer that is 50 percent or more cemented, and
3. Is 25 mm or more thick.

Fragipan - Summary of Properties

To be identified as a fragipan, a layer must have all of the following characteristics:

1. The layer is 15 cm or more thick and
2. It. has evidence of pedogenesis within the horizon or, at a minimum, on the faces of

structural units; and
3. It has very coarse prismatic, columnar, or blocky structure of any grade, has weak

structure of any size or is massive. Separations between structural units that allow roots to
enter have an average spacing of 1 0 cm or more on the horizontal dimensions; and

4. Air-dry fragments of the natural soil fabric, 5 to 10 cm in diameter, from more than 50
percent of the horizon slake when they are submerged in water; and

5. It has, in 60 percent or more of the volume a firm or firmer consistence, a brittle manner
of failure at or near field capacity, and roots virtually absent.

Fragic Soil Properties
Soil aggregates with fragic soil properties must:

i
1. Have evidence of pedogenesis within the aggregates or at a minimum on the faces of the

aggregates; and
2. Slake when air-dry fragments of the natural fabric, 5 to 10 cm in diameter are submerged ‘>

in water; and
3. Have a firm or firmer consistence and a brittle manner of failure when soil water is at or

near field capacity; and
4. Restrict the entry of roots into the matrix when soil water is at or near field capacity.

i



An example of how fragic soil properties are used in SOIL TAXONOMY:

IAKC. Other Endoaqualfs that have fragic soil properties;

1. In 30 percent or more of the volume of a layer 15 cm or more thick that has its upper
boundary within 100 cm of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15 cm or more thick.

Fragic  Endoaqualfs

Lamellae - Summary of Properties

A lamella  is an illuvial  horizon less than 7.5 cm thick formed in unconsolidated regolith more
than 50 cm thick. Each lamella  contains an accumulation of oriented silicate clay on or
bridging the sand and silt grains (and coarse fragments if any are present). Each lamella  is
required to have more silicate clay than the overlying eluvial horizon.

Lamellae occur in a vertical series of 2 or more and each lamella  must have an overlying
eluvial horizon (An eluvial horizon is not required above the upper most lamella  if the soil is
truncated).

Lamellae - Summary of Properties

Lamellae may meet the requirements of either a cambic or an argillic horizon. A single
lamella  is a cambic horizon if the texture is very fine sand or loamy very fine sand or finer. A
combination of two or more lamellae will meet the requirements of an argillic horizon if there
is 15 cm or more cumulative total thickness of lamellae that are 0.5 cm or more thick and that
have a clay content of either:

Three percent or more (absolute) higher than in the overlying eluvial horizon (e.g. 13 percent
versus 10 percent) if any part of the eluvial horizon has less than 15 percent clay in the fine
earth fraction, or;

Twenty percent or more (relative) higher than in the overlying eluvial horizon (e.g. 24 percent
versus 20 percent) if all part of the eluvial horizon have more than 15 percent clay in the fine
earth fraction.

J

Future plans

7” edition of the “Keys” summer 1996

,
New Edition of the “Green Book” summer 1998

Active International Committees
Permafrost Affected Soils (COMPAQ

1 Moisture and Temperature Regimes (ICOMMOTR)

Anthropedogenic(ICOMANTH)



The United States Army Environmental Center, as an operating activity of the
Army Staff, and under staff supervision of the Director of Environmental
Programs, provides a broad range of military funded environmental program
management and technical support services to Headquarters, Department of the
Army, Major Commands, and installations.

The Army Environmental Center is the largest environmental unit in the three
services.



AECYNRCS  Agreements

The Army Environmental Center has many agreements with federal agencies.
These are the ones that are important to the Natural Resources Conservation
Service.

The MOU serves as an umbrella agreement that allows for and encourages
supplemental interagency agreements.

!



Interagency Agreement between the U.S. Army Environmental Center and the

Natural Resources Conservation Service for the Conduct of Soil Surveys on

Lands Administered by the U.S. Army



Soil Survey Activities
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SIKESACT

Title 16, Chapter X, Sub-chapter I, .I6 USC Sec. :: .

670a, Cooperative Plan for Wildlife Conservation



~’ “’ The Secretary of Defense shall carry out a program of planning for, I,
and the development,~maintenance,  arid coordination of, wildlife,.
fish, and game conservation and rehabilitation on military “:’ ”

installations. Under the program, the Secretary shall ‘,

prepareand~lmpletr!entforeach p~llitary  lnstallatiqn in the,

‘,
Utiit&d,Stat&en Integrated naturalresource,manrigement
plan::inutu8!ly.a$~~  upon by,the  Se&eta&  Def&e:‘the

,,, $&&aQdf  lhe,tnlerior,  and the appropriate’~~a~~‘ager;cy  : ’ ,‘I:’
desi$ated by the State in which the instillation’kas &at&’

,,, except,thatth~‘~cretary  (DoD)‘is’nt  reqir~~~dto:~~~pa;e,:,~,  ,‘,
such~& pjadfo< a military ln@allation  if th6’&$&$$?  “’

,’ : “‘,, “,
“,,

_&te~l&&at  preparation’of  such ,~~pla$i&$t~~ ‘:I ,;,_I’  ’ ,: ‘a.~, :;

s,: apj$&&j~  ::!  ‘! ‘-_ 1 :; :, ::i ,_, i, ,I; ~:;;~,~&I ,:‘!;I i,,_ “i_;,j:“‘:;‘:~: : :: : _, ~:

“ ‘;‘,;;:‘,.  Y; ,i,:,,
::,:: ‘: ,:,: :,_, ,:,i:,:  in,,’ ,,‘ _

,Y.’ “-Eli’~( :~;:,n,l,,i> ,:~: ‘,,_l{  ;I.; ,‘,: ‘::!:I;l!:i,,(/ :, ,,,i ,,:,, ,(
i. : ,i;,~,_,‘,

‘_,‘,:!>;G$.,~.  ,. ‘~’ :. i(”
,,),l,. !>.,,;,~‘.,,,,,,  i _:: ,,,, ~,

The wording in bold are proposed changes to the current law.

Shall replaces ‘is authorized to’

Integrated natural resoorces  management plan replaces ‘cooperative plan’.

The last emphasis gives the Secretary (DOD) some flexibility in determining

which installations need plans.
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Basically, what this means, is that there is no automatic Grandfather clause.

Initial studies have determined that most of the ‘cooperative plans’ are single
species and are not integrated. These will not meet the requirements as set
forth in other sections of the Sikes Act.





I have no information concerning specific Navy or Air Force installations. I do
have a list, more or less complete, of Army installations.

The bottom line of the Sikes Act Amendment is that all of a sudden there are
nearly 25 million acres of land that will need to be mapped sometime within
the next 3 to S years. All of these acres will need to be at an order 2.

The real problem is not that there is 25 million acres to map. Neither is it the
fact that there is only about 4 years in which to do this. For all practical
purposes, the real problem is that they  are stealth acres.



In all likelihood, you know exactly when your non-federal acres are scheduled
to be mapped. That is, they show up on the the soil survey radar.

For the most part DOD  land has been ignored and we only cared about it when
installations came calling. Like the stealth fighter, by the time one sees it, it’s
too late to plan a reaction.

!
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The scenario could happen something like this. One day, NRCS National
Headquarters knows that there are 2.3 billion acres in Soil Survey Schedule
and that all are scheduled to be something (initiated, completed, published,
etc.) by sometime (6/96,  12/99,3/00,  etc.).



2,335,520,530 acres

Then, the next day (after the Secretary of Defense calls and asks for soils data)
there are still 2.3 billion acres in Schedule. However, there are 25 million that
aren’t scheduled for anything or need to be rescheduled, with a date of 1999.

That’s like having another state the size of Kentucky show up with only some
old mapping, some farm plan mapping, and some National Resource
Inventory- Primary Sampling Unit’s,

In the past, most states were able to deal with these stealth acres because they
had some soil scientists working in the area on survey’s that didn’t have
mandated end dates. However, with current budgets, the states have turned to
reimbursable agreements. This means that if a survey area doesn’t get plugged
into the planning process several years before it is time to do it, the states
won’t have the resources.

For example, Texas and New Mexico. They were told 30 September 1995,
that Fort Bliss (1.2 million acres) needed to be mapped within the next 5 years,
with several hundred thousand acres being mapped by 1998. Texas and New
Mexico are going to staff the survey with new hires.



913,164 421,623

It has been determined that the acreage figures in this slide are valid for Army
installations. If they err, it is on the low side. These figures do not include Air
Force and Navy installations.
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Yellowstone National Park
Location of areas dominated by Inceptisols or Mollisols
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Soil Quality/Soil Health Committee Report
617196

Committee Members:

Chad McGrath,  USDA, NRCS, Portland, OR
Cliff Fanning, BLM, Portland, OR
Gerald Nielsen, Montana State University
Bill Ypsilantis, BLM, Coeur d’Alene,  ID
Robert Meurisse, USDA Forest Service, Portland, OR
Lewis Daniels, USDA, NRCS, Lakewood, CO
Robert Khnk, Bureau of Indian Affairs, Portland, OR
Hays Dye, USDA, NRCS, Phoenix, AZ
D.M. Hendricks, University of Arizona
Goro Uehara, University of Hawaii
Wally  Miller, University of Nevada
Jerry Freeouf, USDA Forest Service, Lakewood, CO
Alan Kosse, Bureau of Indian Affairs, Gallup, NM
Dwight Hovland, BLM, Anchorage, AK
Terry Woosley, BLM, Reno, NV
Neil Peterson, USDA, NRCS, Boise, ID
Gary Ford, USDA Forest Service, Coeur d’Alene,  ID
Chris Smith, USDA, NRCS
Greg Snell,  USDA, NRCS
Gary Muckel,  USDA, NRCS
Alan Amen, BLM
Dan Shuttlif,  USDA, NRCS
Committee co-chair
Karl Hipple,  USDA, NRCS, Spokane, WA
Committee chair
Cathy Seybold, USDA, NRCS, Corvallis, OR

The committee was given four charges that were addressed as follows:

-i

a. Develop interagency soil quality delinition:

The committee recommends the following definition for soil quality:
/ The caprcity of a soil to function, within ecosystem boundaries and land use, to

sustain and improve biological productivity, environmental quality, and plant and animal
health, relative to its inherent characteristics.

In other words, a healthy soil resource base ensures a sustainable food and fiber production in an
economically and environmentally sound matter. Soil quality was also suggested as having a
value judgement that has economic implications,



The capacity of the soil to “fknction”  is referring to what the soil does. Five vital soil functions of
soil have been identified: (1) sustain biological activity, diversity, and productivity; (2) partition
water, energy and solute flow, (3) filter, buffer, immobilize, detoxify materials; (4) supply, store
and cycle nutrients and other materials; (5) support structures and protect archeological treasures.

Soil quality and soil health have been proposed as having different meanings. Three definitions
for soil health were suggested: (1) the evaluation of soil quality over time; (2) the gage used to
ascertain whether or not the soil is timctioning  according to the natural processes under which it
formed; and (3) the condition of the soil with reference to its inherent quality and ability to
perform its vital ecosystem fimctions. Atter  much discussion, the committee came to the
conclusion that soil health was included in the concept of soil quality and definition as stated
above; therefore a separate soil health definition was not necessary.

b. Propose criteria for assessment of soil quality:

The committee recommends using indicators of soil quality as a means for assessing the quality of -~
a soil. Soil indicators consist of visual, physical, chemical and biological attributes of the soil, and
collectively can be used to assess its quality. Indicators depend on soil function; therefore soil
function or functions must be identified before indicators are selected. Five vital soil functions
were identified and are listed in the soil quality definition section above. Usually, a core set of
indicators are chosen (referred to as a minimum data set) that collectively give an indication of the
soils quality or capacity to function effectively.

Soil quality indicators should be sensitive to soil changes due to land management. Examples of
specific indicators are soil respiration, infiltration, and soil color to indicate organic matter levels.
Indicators should also be chosen based on the category of people making the assessment; three
categories were suggested: land owners; technical advisors, and research scientists. Indicators
should also be chosen based on the hind of land (e.g., rangeland, forest land, agricultural land) or
land use. The function  of the soil will vary depending on the kind of land and land use, so
indicators must be chosen to reflect those functions. Also, the scale of assessment (e.g., site,
field, state, national) needs to be considered in the selection of indicators.

It was proposed that long-term monitoring of soil quality indicators be established for assessing
changes in soil quality over time. Monitoring would help to establish sustainable organic matter
levels needed for sustained productivity, and would also establish erosion rates and water table
depths for hydric soil indicators, Long-term monitoring will determine changes in productivity,
and allow for adjustments in land management that are needed to improve quality. It will also
determine if soil management systems are achieving their goal.

‘\_.

One proposal was that the “healthy rangeland” initiatives ofBLM  be used as a starting point for !
development of field  assessment criteria for rangelands.

c. Propose standard methods for measuring:

There is a need for several “standard” approaches for measuring soil quality that will depend on



the specific land use, degree of accuracy or precision desired, specific type of indicator variable
and for whom the sampling is intended. We need to maintain flexibility in measuring soil quality
because of geographic and local differences in soils. Local standards should be developed in
order to encompass the unique biophysical conditions at a site.

For indicators that have standard methods listed in the “Soil Laboratory methods Manual” or
“Soil Survey Manual”, those methods could be used. Choose standard methods for indicators as
appropriate for the area and soils. Sampling methods for indicators should capture the spatial and
temporal variability of soils. Units of measurement should be presented in both Metric and
English units.

It was proposed that a “standard” minimum data set could be established for measuring soil
quality. Such a data set might include such measurements iike bulk density, pH, organic matter,
K_,, aggregate stability/distribution, and electrical conductivity.

Establishing long-term monitoring sites for soil quality indicators was suggested as a possible
standard method for measuring or monitoring soil quality over time. Examples of long-term
monitoring sites might include Primary Sampling Units (PSU), LTERs,  and CFI.

d. Define inherent potentials of soils:

After much discussion, the committee could not come to a consensus on what inherent potential
was intended to define. The committee recommends deferring this charge back to the Steering
Committee, and to Maury Mausbach, for further clarification. The committee is requesting a
second chance to address this charge after clarification.

Our discussion included several proposed definitions for inherent potential of a soil, these were:
(1) a soil’s natural ability to act on or react to a given set of factors affecting that soil; (2) a soil’s
inherent ability to sustain production of whatever crop it supports. This includes all land uses; (3)
the ability of soils to carry out their vital functions in their normal environment over the long-
term, using standard cultural practices; (4) the natural ability of a soil to sustain productivity,
maintain environmental quality, and promote animal and human health.

Other topics proposed for inherent potentials included the following: (1) productivity of wildlands
could be assessed by using the ecological site concept: seral stage are the reference points and

i

PNC is the inherent potential; (2) the SRPG (Soil Rating for Plant Growth) that Ray Sinclair is
developing may be a way to establish and/or a starting point for determining the inherent potential
of soils; (3) soil potential ratings, as defined in the National Soil Survey Handbook, indicate the
relative quality of a soil (through a soil potential index) for a particular use compared with other
soils in a given area. It was suggested that this method could be used to aid in decision making.



Future Marketing Strategies Committee Report
West  Regional NCSS Conference, Bozeman, MT

June 2 - 7, 1996

List of Participants:

Janis Boettinger
Bill Broderson

: Tom Paine
Eric Vincent

Scott Davis
Joe Moore
Bob Lund
Dick Folsche

’ Dave Smith
Wayne Robbie
Dick Arnold
Henry Shovic

_ .

Charges:

a. Develop educational strategies to promote public interest in & and soil health.

b. Develop a catalog of available soil educators.

c. Compile sources of available soil education tools.

Accomplishments:

Present resolution to Western Cooperative Soil Survey Conference for adoption; present justification
and action items.

Goals:

1. Resolution adopted by WCSS Conference participants and presented to National Steering
Committee for consideration by other regions and NCSS.

2. Do it.

Resolution:

The partners of NCSS accept shared responsibility for developing, updating, cataloging, and
disseminating soil education strategies, tools, educators, and materials for enhancing public interest,
understanding, and knowledge of the unportance  of soils and soil health through use of the World
Wide Web, coordinated by NRCS- NSSC.

Justification and Background

Soil is an important resource that is essential for the sustainability, protection, and enhancement of
environmental quality and socio-economic development in the U.S.

Public awareness of soils and soil health is important for stewardship of natural resources.



Education about soils at all levels (primary through adult) is necessary for promoting
stewardship/conservation of natural resources.

NCSS partners are most knowledgeable about soils and soil educational resources and, therefore,
should pool their knowledge base and facilitate public awareness of soils.

Action Items:

Pilot Proiect

. Solicit contributions of existing soil educational resources and obtain permission to catalog.

. Submit catalog to NSSC for linkage to the NRCS World Wide Web page.

. Monitor numbers of hits and evaluate success.

Snecific Resouces for Cataloeina and Linkaee/Reference

. Soil and Water Conservaion Society educational materials.

. National Geographic “Kid Net” (Dave Smith).

. NRCS California Teacher Aids (Eric Vincent).

. “From the Surface Down” -NRCS,  Bill Broderson.

. New Mexico Association of Conservation Districts “Project Soil” and other NM resources
(Wayne Robbie).

. NRCS NSSC materials, e.g., soil quality, history of soil survey materials, etc. (Gary MuckelO).

. Soil Survey status maps for each state.

. Yellowstone Soil Survey (Henry Shovic).

. Alaskan Soil Survey (Joe Moore).

. List of soil educators and contacts (all).

. Soils of the U.S. (Lloyd Quant).

,
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Research and Development Committee Report
West Regional NCSS Conference, Bozeman,  MT

June 2 - 7, 1996

Charges:

a. Identify and prioritize research and development needs related to NCSS roles.

b. Identify opportunities for meeting research and development needs (eg. source of funding,
collaborative agreement) within new organizational structures.

Research and Development Needs

-- Communication and tecnology  transfer utilizing new tools-- ie. INTERNET.

‘, -- Mapping techniques to match NASIS capabilities.

-- Use of new imagery types as ancillary tools.

\ -- Validation of Guidance sheets used in Western U.S

-- Clearer guidance on GIS development (standardize?).

-- Western U.S hydric indicators.

-- Soil health indicators in desertic regions.

-- Risk assessment in use of soil survey interpretations.
-- Spatial reliability, quantification, measured vs. estimated, temporal.

-- Landscape modeling vs. site modeling.

-- Marketing of NCSS data and products.

Research and Development Opportunities

-- Data mining on Internet.

-- LTER’s (NSF).

-- Partnering/Teaming (multi-agency).

-- NASA-Mission to Planet Earth.

-- Institutes and centers of excellence.

__ Sharing staff, equipment, data.

__ Increased communication with partners via a National Research Agenda Committee
(with regional committees).

Research and Development Committee Recommendation

Establish a Western Regional NCSS standing committee to address research and development
issues and needs.
Move for acceptance of report.



WESTERN REGIONAL COOPERATIVE
SOIL SURVEY CONFERENCE

BOEEMAN, MONTANA
JUNE 2-7, 1996

, COMMITTEE for RIPARIAN SOILS

WILLIAM VOLK -CHAIR
JOHN NESSER - CO-CHAIR

COMMITTEE CHARGES:

\
A) Develop definition of riparian soils. -
B) Propose interagency criteria to field map riparian areas.
C) Propose methods to identify riparian areas using existing

soils data.

This work group has been assigned the task of promoting
discussions relative to interagency efforts to identify and map
landscape areas having riparian values.

Strong reference is made to the information contained in the
proceedings of the Western Regional Cooperative Soil Conference
held at Flagstaff, AZ. on the campus of Northern Arizona State
University during June 22-26, 1992. Many worthwhile comments and
suggestions are contained in the proceedings. An interagency
meeting on Riparian Area Mapping Conventions was held in Phoenix
AZ., on April 16-18,96. The need for interagency coordination
and agreement on this issue was the driving force. Additional
information and references are available in the meeting report.

The focus of this committee is to build upon the existing base
and propose changes or additions to be incorporated into the
National Soil Survey Handbook.

Conference participants are encouraged to discuss these issues,
present their viewpoint, provide references, actual experiences
or any case studies to committee chairs or members, preferably in
written or electronic form.

J 5-J’



DEFINITIONS:

See attached definitions from sources such as the Forest Service,
Bureau of Land Management, Society of Range Management and
others. (material from the Interagency meeting in Phoenix).

Conference participants must be cognizant of the need to address
riparian needs and challenges. To become ensnared in deep debate
over a definition that by necessity must cover the U.S. may not
be productive. We must agree on the basics and go forth to
address the issues. We should try to avoid the difficulties that
now troubles the Hydric soils definition.

PROPOsALr

A small interagency group meet to develop or selects a common /
definition from those contained in the Phoenix report.
Definition will then be forwarded to committee for consideration
of incorporation into the National Soil Survey Handbook section
629- Glossary of Landform and Geologic terms.



FIELD UAPPINQ CRITERIA:

Cartographic methods currently used in traditional soil surveys

I are inadequate to meet the assessment and management needs of
most riparian/wetland areas. Most if not all current soil
surveys do not discuss riparian areas or values. Both FS end BLM
are required to inventory riparian areas and are interested in
interagency cooperation to address inventory and assessment
procedures of these high value areas. Riparian areas occur
regardless of ownership or administrative boundaries. Congress
will ask for the extent and/or condition of riparian areas and
consistency in reporting is important.

Three basic criteria are involved in riparian areas, material
from the Phoenix meeting are presented below. Additionally,

1
influences such as mapping scale, varied terminology requiring
some definition, legal scrutiny, various purposes of inventory
provide for local, regional or national differences.

<._ 1. BOIL8 CRITERIA:

Soils in natural riparian areas exhibit distinct features
that are caused by deposition, flooding and/or water table.
Riparian soils will typically have free water (water table)
available for plant use at some (most) time during the growing
season.

2. HYDROLOGIC CRITERIA:

Hydrologic features of riparian areas are flooding and or
free water in the rooting zoned. Flooding and or free water are
present for a frequent duration sufficient to influence plant
communitv comnosition. Rioarian areas are associated with
waterco&es br water bod&.

3. VEGETATION CRITERIA:

Current or potential riparian plant communities
species that require free water or tolerate flooding
rooting zone of the soil.

PROPOSAL:

consist of
in the

1. Inventory what is there, use an ecological survey approach to
describe riparian areas. Arizona NRCS approach with the National
Park Service is a good example. Interdisciplinary approach is
strongly recommended; ownership of the effort and product across
disciplines and agencies is a strong step towards success.

2. Identify and discuss riparian values in all mapping units
that have riparianlwetland  areas as a minor unnamed component,
perhaps even if in the case of inclusions. These small riparian
or wetland areas often equal or surpass the resource values of
much larger upland areas.



3. Treat delineated riparian areas as a regular polygon unit.
-label with a map unit symbol, correlate within legend.
-populate the NASIS data base accordingly.
-attributes selected to meet the needs of the customers.

4. Areas to small to delineate as a polygon will use a line
segment or special symbol method. Map unit symbols are assigned
to the riparian area, correlated and have unique descriptions.
(BIN reference, TR 1737-7 and methods outlined by George Staid1
(SCS Retired) in his technical note dated 3-8-91).

5. Use the software template Siteform with additions from pages
18-22 of the USFS aquatic framework. Expanded use with review
and updates to the software will increase use and application.

6. Develop a list of criteria to be considered in the inventory
of riparian areas. Additional items can be added to the criteria
in the references and material from the Flagstaff and Phoenix
meet ings . List should be cross referenced to issues or potential
uses, and divided into minimum, optional or specialized,
categories. In this manner, steps towards consistency can be
initiated. . .



IDERTIFICATION of RIPARIAN AREAS with existing SOILS DATA:

* Use of soil geographic databases, such as STATSGO or SSURGO or
the proposed next generation NASIS. Other unamed data bases that
have attributes to address Riparian or wetland issues included in
this concept.

j
* Regional planning specialists could request GIS data (map)
from data bases such as STATSGO. Specialists would select
attributes (elements and codes) such as frequent flooding, hydric
soils, very poor or poor drainage classes, hydrophytic
vegetation, ponding, wetland wildlife habitat, selected Gt.

1 groups etc. to locate areas having potential riparian areas
influencing regional planning efforts.

\~ *
Local watershed(s), small groups or perhaps single owner

planning efforts could request similar maps from an available
data bases such as SSURGO. This request could key on selected
elements and codes as was done in the STATSGO example. Care must

-_ be exercised as "one size may not fit alll'. Electronic data
bases give specialists the unique ability to select attributes
that are related to the issue, producing a tailor made-map.
Several data bases such as soils, hydrology, ownership,
topography etc., to provide a better product.

* For more specific local applications the existing hard copy
soil surveys could be enhanced by on site investigations to
provide the needed information at a larger scale.

* Attributes could be used in combinations to cross check
applicability. Attributes (elements and codes) may be MLRA or
LRU specific. We must remember that we are serving the
"customer88 who wants a service and a product from our data bases
and experience. It should be our goal to work with and for those
customers. If we don't our customers will go to other less
scientific or reliable sources.

* Other federal and state agencies have soils information that
was produced for other purposes but may suit the needs of today.
As an example the Bureau of Reclamation has soil surveys and
studies relating to irrigated agriculture that may have value.

i
Let's use what is available, the taxpayer (you and I) doesn't
need pay twice.

* Material was presented at the Phoenix meeting describing the
use of a Helicopter utilizing an IRZ InfraScan technique using
film sensitive to near infrared wavelengths to discern riparian
vegetation. This method also incorporated GPS for georeferencing
of data.



iparian areas a.re  ecosystems that occuralong.~ercourscs  or water bow They are distinctly different
‘om the surrounding lands because ofunique  soil and vegetatmn  characteristics that are strongly
lfluenced  by free or unbound water  in the soil. Riparian  ecosystems occupy the transitional area between
le terrestrial and aquatic ecosystems. Typical examples would include floodplains, streambanks  and
Ikeshores.

iparian areas are not a separate land use, but may exist withii all land covers and uses, such as cropland,
ayland, pashvcland,  rangeland.  and forest land.

m - Nati-

Ilorrary:
Riparian - Areas or habitau  adjacent to streams, laker, or other natural free water, which has a

predominant influence on associated vegetation or biotic communities,

Riparian Ecosystems - (1) Those assemblages ofplants,  animals, and aquatic communities whose
presence can be either directly or indirectly attributed to factors that arc  water-influeinced  or
related. (2) Interacting system between aquatic and terrestrial situations, identified by soil
characteristics, and distinctive vegetation that requires or tolerates free  or unbound water.

BLM - TR 1737-7  f1992W

Riparian areas are a form ofwetland transition between
These areas exhibit vegetation or physical chatacterirtic
water influence. Lands along, adjacent to, or contiguous with perennially and intermittently flowing rivers
and streams, glacial potholes, and the shores of lakes and rcscrvoin  with stable water levels are typical
riparian  areas.

BLM - TR 1737-9  f19931- Rinarian

.,, Excluded are such sites as ephemeral streams or washes that do not exhibit the presence of vegetation
dependent upon free water in the soil.
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Liparian  areas consist of riparian ecosystems, aquatic ecosystems, and wetlands. They may be associated
rith  lakes, reservoirs, estuaries, potholes, marshes, springs, bogs, wet meadows, and intermittent or
crennial streams where free and unbound water is available.

Riparian areas are ecologically more diverse than surrounding uplands.

Glossary:
Riparian Areas - geographically dilineable area with distinctive resource values and characteristics that

are comprised of the aquatic and riparian ecosystems. Rip&n areas may be associated with
lakes, reservoirs, estuaries, potholes, springs bogs, wet meadows, and ephemeral, intermittent, or
perennial streams.

Riparian Complex-a unit of land consisting ofbiotic  and abiotic factors, which is identified by changes
in geomorphology.  landform, soil, stream gradient and vegetation. LL

Riparian Ecosystems - a transition behveen the aquatic ecosystem and the adjacent terrestrial ecosystem
identified by soil characteristics or distinctive vegetation communities that require free or
unbound water.

Riparian Vegetation - plant communities dependent upon or tolerant to the presence of free or unbound
water near the ground surface ( high water table)

Glossary:
Riparian - Referring to or relating to area adjacent to water or influenced by free water associated with

streams or rivers on geologic surfaces occupying the lowest position on a watershed.

Riparian Ecosystems - (1) Those assemblages of plants, animals, and aquatic communities whose
presence can be either directly or indirectly attributed to factors that are water-influenced ot
related. (2) Interacting system between aquatic and terrestrial situations, identified by soil
characteristics, and distinctive vegetation that requires or tolerates free or unbound water.

Riparian Zone - The banks and adjacent areas of water bodies, water courses seeps and springs whose
waters provide soil mOiSNre sufficiently in excess ofthat otherwise available locally so as to
provide a more moist habitat than that of contiguous Rood plains and uplands.

Riparian Vegetation - Plant communities dependent upon the presence of free water near the ground
surface ( high water table ).



Tabla l-1. Riparian area definitions from literature sources

is in or adjacent to drainageways and/or  their floodplains and which
is further characterized by species and/or life-forma different than
that of the immediately surrounding non-riparian climax.’

Dick-Peddie and ‘associated with water couraas. Riparian may refer to vegetation
Hubbard i1977:88) s or with small, evan intermittent

‘Riparian wetlands are lowland  fcrresttial  ecotottea  which derive
I1 979:363) heir high water tables and all s from drainage and erosion

mm adjacent uplands on the

Johnson and ‘ecosystems with a high water table bacause  of proximity
McCormick aquatic ecosystem or subsurface watar...[andI... usually o
fl979:program to
the meeting) vegetation and soil characteristics. Ariditv,  topographic relief, and

presence of depositions1 roila  most strongly influanw tha extent of
high water tables and associatad  riparian ecosyatrms....Ripatian
ecosystems are uniquely charaotsrfzed  by then  hlgh spades  dlvaraity,
high species densities-and high produodhr(ty.  Condnuour
Interactions occur between riparien.  aquatfo.  and upland ternstrial
ecosystems through exchanges of energy,  nwfants,  and spades.

.wuawlmu.
(1984:xxv)

Jorlnson Cl al. ‘Onorpauin&tolandadjacenttorivaincattdarurincchaut&.
&muincbeds.oroasasandothcrsitcswbemaurha2wrmatvi/or
@uubdwatsa  occ~n  in extcs~  of ob-site  p&#ation;  ocenpicd  by biotic
c0mmunitfes  dLffetittg  in spoziu comporiticm and/ot  p@s&tt  dc&ia
from those of the sutmundiog  uplaads  due to the substrate:  a) being
paiodiuUy  c~vetetl with  wup:  b) Wing bigha soil moinmc;  or c) in

platUUimirmlsptZiCsuC

sheet  I of2
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[Concluded)

‘Riparian  tcms or arm arc the banks ad adjajpcem  area of wafer  bodies.
war courses.  rcqr and springs whose wars provide  soil moisture
sufficicndy  ia excess  of rha or&wise  available kully so as IO pm-tide  a

suumem  of more moist babirat &an thu of cotiguou  tIcal plains and uplands.’

Amemime~  Act of

tiace and/or  subsurface
or polena  soil-vegeuion
UUsUUybeUrDcLrcd

csmana: porhola:  springs: bogs;
WCC mudows: mukegs;  md qkalaal.  irrzermirme or paumid‘

is sufficiuuly  i!A c.xcus  of tbu aatvise Wfaihble  Ioally,  due to sun-on
and/or subsurface seepage. so L( to teanh ia 12~ cxiaiog  or potmuM  soil-
vcgemLion  compkx  that dqhti fk hl5uaEe  of mu mn SoLI  nloimm.

boaomland
hardwoods



Table 1-2. Unique characteristics and features that separate riparian
ecosystems from other ecosystems’

Riparian ecosystems:

-Are linear in shape as a consequence and function of their ProximiN to rivers and streams,
and often have very high edge-to-area rarios.

-Receive and process more energy and material from adjacent Landscapes than other types of
e c o s y s t e m s .

-Are connected to other ecosystems, both upstream and downstream. and upslope  (upland
ecosystems) and downslope (aquatic ecosystems]. Functiohally.  there are continuous
interactions among riparian, aquatic. and upland ecosystems thrdtigh the exchange of energy,
nutrients, and species. This exchange is active in mobile organisms but also occurs passively
with flooding events.

-Occur along streams. rivers, arroyos, ponds, lakes. or other water bodies.

-Have vegetation growrh  dependent upon relatively high soil moisture content.

-Have complex hydrologic and geomorphic satdngs and experience periodic flooding.

-Possess alluvial or other characteristic soils (some, but not all  lands).

-Have special water-related functions such es erosion control.

-Are producdva sites with special management needs.

-Involve an anay of plant types and plant communities

-Have multiple resourca  uses and values

-Have promoted increasing public interest, legislation, end government progrems to protect,

mitigate, recover, altar, and enhance riparian ereas.

-Are characterized by a combination of high species diversity, high spacias densities, and high
productivity.

-Are acotonal in nature. occurring between aquatic and upland ecosystems: however, they
tend to have distinct vegetation and soil characteristics.

’ Sources: 9rinson  et al. l19911.  Kurlcr  119951, Martin 119961, Berchta  fl9??)
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, Western Regional Cooperative Soil Survey Conference
Bozeman, Montana

June 7, 1996

Business Meeting Minutes

1 The meeting was called to order by Chuck Gordon at approximately 10 a.m.

/ Old Business

No old business.

New Business

\ Location of next Reeional Conference

The location of the next Regional Conference was discussed. There was discussion
about whether a fixed rotation of sponsoring organization was required. No consensus
was reached on that. Two potential locations were tentatively nominated:

Las Cruces, New Mexico
Needles, Nevada - Canyonlands  area of Utab

It was moved, seconded, and accepted by voting members by voice vote to close the
nominations for location of next conference. The regular rotation of sponsoring
organization would be the Western Regional Agricultural Experiment Stations. The
representatives from New Mexico and Utah were not present at the business meeting.
They were to be contacted by Ken Scheffe and Bill Brodenson respectively to
determine their interest in sponsoring the next meeting.

Permanent Steering Committee Chair

Bill Dollarhide  submitted a proposal to amend the by-laws to eliminate the position of
the permanent chair and to add a NSSC representative as associate member to
maintain files, assist with conference coordination, etc. (see attached amendments to
by-laws). The second part of his proposal was adding a soil scientist on the West and
Northern Plains Regional Conservationist staffs as an advisor (see attached
amendments to by-laws). The proposal was accepted by voting members by voice
vote.

Soil Taxonomv Committee

Bill Dollarhide submitted a proposal to abolish the soil taxonomy committee as a
permanent standing committee. He noted it could be reappointed at a later date if
needed as a temporary committee. This proposal was not accepted by voting
members. Further discussion ensued about the duties and functions of the committee



and how those would be handled. Ken Scheffe suggested that each state soil scientist
be responsible for distribution of proposed taxonomy amendments to cooperators. Bill
Dollarhide  resubmitted his proposal to abolish the soil taxonomy committee as a
permanent standiig committee (see attached amendments to by-laws). The proposal
was accepted by voting members by voice vote.

Jerry Nielsen proposed establishing a Western Regional Soil Research Committee (see
attached proposal). Chris Smith suggested adding language for peer review. Jerry’s
proposal was accepted by voting members by voice vote. Further discussion centered
around creating a depository for research results.

Regional Representatives to Attend National Meeting

Bill Dollarhide proposed that the West and Northern Plains Regional Conservationists
will coordinate how many and which representatives will attend the National NCSS
meeting. The proposal was accepted by voting members by voice vote.

Research Committee

Hayes Dye proposed that the present conference steering committee appoint members
to the Research Committee. The motion was accepted by voting members by voice
vote.

The meeting adjourned  a< lo:32 a.m.
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Service

“Commitment to Chdity”

AMENDMENTS TO BY-LAWS - WESTERN REGIONAL COOPERATIVE SOIL SURVEY
CONFERENCE

I,

III.
\ 6. steering Committee

delete - Head, Soils staff, Western States (Permanent
\ Chairman).

add - NSSC Representative - as associate member to,maintain
files, by-laws, committee rosters/charges, proceedings
and assist with conference coordination.

C. Advisors

add - Soil Scientist on West Regional Conservationist staff
and Soil Scientist on Northern Plains Regional
Conservationist staff.

V.
F . Permanent Standing Committee-------

delete - 1. Western Regional Soil Taxonomy Committee

Note to accompany amendments -

The NSSC will distribute proposed amendments, the soil taxonomy, to
all states and National Offices of cooperating agencies. The NRCS
state soils representative will distribute to cooperators in each
state for review and comments.
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Soil Taxonomy Committees

I

A

Presently there are 5 Soil Taxonomy Committees, 4 regional
committees plus 1 from the Soil Science Society of America.
The regional committees are aligned along the same
boundaries as the Regional NCSS Work Planning Conferences.
Despite recent changes brought about by reorganization, it
was suggested to maintain the old boundaries of the regions
with each region having a Soil Taxonomy Committee.

Committee membership has always been comprised of a mixture
of cooperators from various agencies and universities. This
membership has rotated with the exception of a permanent
committee member from the NTC and the chair for all the
committees, Bob Ahrens.

With the advent of MOIs it was suggested that regional
committees open committee membership to include all MO
leaders as permanent members. Members from universities and
agencies other than NRCS can serve on a permanent basis or
on a rotational basis, whichever is decided. It would be
desirable to have one member from each regional committee to
act as a coordinator to ensure membership is agreed upon and
rotated, if necessary. Bob Ahrens will remain chair of the
committees and continue sending proposals to each member.

The Western Region has already decided to maintain their
current membership for another 2 years.

Below is a breakdown of MO's within regions:

East
Amherst

West
Anchorage
Bozeman
Davis
Lakewood
Phoenix
Portland

South
Auburn
Little Rock
Morgantown
Raleigh
Temple

North Central
Bismarck
Indianapolis
Salina
St. Paul



WESTERN REGIONAL COOPERATIVE SOIL SURVEY CONFERENCE
Business Meeting

Proposal to establish a

1.

2.

Western Regional Soil Research Committee

Purpose

The committee's purpose is to identify, document,
prioritize and address. the critical research and
development issues; to identify opportunities for
partnering; to increase credibility; to increase
visibility; and to insure the technical excellence
of the National Cooperative Soil Survey.

Membershic

Western Regional Conference Steering Committee
will appoint membership on a rotating basis from
state university representatives, Natural
Resources Conservation Service, Forest Service,
Bureau of Land Management, and other
representation as deemed appropriate by the
Conference Steering Committee.



COMMENTS--NCSS WORK PLANNING--BRAINSTORMING SESSION

There was a strong emphasis on forest soils in this conference. The info was of great
interest to me as an NRCS cooperator. However, though NF Regional soil scientists
were well represented, very few forest level soil scientists attended. Even though there
was some advertising. I would like to see more participation from scientists involved in
progressive soil surveys on Federal forested land. Possible better targeting? Otherwise
excellent conferencel!

Regional joining of all soil surveys.
Change name - or get into work planning.

-- Disposition of regional planning session.
__ Who in region planning conference has responsibility to forward

committee recomendations to NSSC or elsewhere.
-- Imediately submit committee reports.

Steering Team meet at end of this conference and set disposition of committee
actions.
Purpose
-New issues.
-Bring people up to date on ideas and thinking.
-Mislabeling many issues as soils issues only and need to look at broader perspective
more than just soil issues.

-More at other ecosystems.
-Suggest in some future conferneces - address soil users including sociologists.
-The human ecology side.
-Distribution to management.
-Public info release email.
-Marketing strategy to implement results.
-Watershed approach.
-Can planning conference play a role in stimulating a discussion on watershed
approach by including other people from other disciplines at conference.

-Relation MLRA, CRAs, watersheds.
-Future acquisition of satelite imagery as well as others through NAP committee.

Would like to see more interdisciplinary papers/reports/presentations. Interdisciplinary
team approach mentioned several times as necessary, but emphasis with presentations
still primarily all soils. Suggest presentations by foresters, range specialists, biologists,
growers. My first experience at NCSS conference--very good meeting.

1.

2.

A week is too lonq. Suggest starting at apen on Monday and end at noon on
Thursday (3 days).
Any topics considered by committees need to have substantial pre-works (It is
impossible to accomplish much at these conferences-too many people, etc.).
Committees should present a proposal for consideration,



Need to do better outreach or communicate with NRCS line management to obtain
better understanding and support for future desired activities. .~

Need’to formalize the implementation of committee recommendations. Many or most of
the recommendations, after publishing in the National and Regional Conferences are m
plain foraotta

I believe the presentations from NCSS related activities by old and new partners should
continue about like present.
The committee and issues arrangement should be restructured I think. It would seem a
committee could first address an issue and brainstorm the issue develop an action
plan--then meet or communicate as a committee as needed to develop a proposal that
would be finalized at the next work planning conference.

Continue structured communication with cooperators.
Keep informed on new technologies and needs.
On committee work things (items) need to be seen through to completion.

Provide facilitators to help with conducting breakout sessions.
Devote more of agenda to presentations on projects currently being completed by NCSS
cooperators--that have relevance to soil survey. Presentations on research must
particularly be evaluated to determine if participants will benefit from the information
presented.

,

r

-L

Makina the task easier. faster. more accurate.
1.

;:

4.

:.
7:

Fyekld~ level Internet access --not NHQ, R.O., SO, MO, but FIELD.
Training on Internet and browsers.
Index and atlas of available spatial/temporal natural resource info products
available.
Hardware/software availability and access.
a. Employee reimbursment.
b. Shared equipment with other agencies, municipal, universities

Liasons to other data users/developers (formal /informal).
Sharing state/local pilot project information much broader via Internet home pages.
Put implementation and use of Internet into PAW or other job tasks and

descriptions.

!
I



Needs a central theme.
Integrate more NRCS programs like NRI, wetlands, climate data access facility, GIS, etc.
into conference.
Tie state programs into conference not just MO--taxonomy and correlation issues.

i Keep field crews from host state involved --have them participate via presentation, field
tours, etc.

I Act on recommendations.
Begin conference after noon on Monday (to reduce travel costs).
Hold business meeting earlier in the week.

1 Get on the World Wide Web. How do we do it?
Eliminate most of the welcoming speakers.
With new NRCS organization who are voting members?
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Hoffmann, Glenn - Soil Conservation Service, Orofino, ID
Hopkins, David - North Dakota State University, Fargo, ND
Hovland, Dwight - Bureau of Land Management, Anchorage, AK

Huntington, Gordon - University of California, Davis, CA
Ikawa, H. - University of Hawaii, Honolulu, HI

Indorante, Sam - Soil Conservation Service, Belleville, IL
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Janeway.  Mark - North American Green Inc., Evansville, IN
Jeppesen, Darwin - Bureau of Land Management, Idaho Falls, ID
Kehne, Jay - Soil Conservation Service, Ephrata, WA
Kelly, Gene - Colorado State University, Fort Collins, CO
Klink, Robert - Bureau of Indian Affairs, Portland, OR
Krapf, Russell - Bureau of Land Management, Phoenix, AZ
Kukachka, Bob - Soil Conservation Service, Soda Springs, ID
Kuzila, Mark - University of Nebraska, Lincoln, NE
Lammers, Duane - U.S. Forest Service, Corvallis, OR
Langridge, RUSS - Soil Conservation Service, Portland, OR
Linnel, Lyle - Bureau of Land Management-Retired, Coeur d'Alene, ID
Lockridge, Earl
Loerch, Cameron
Lubich, Kenneth

Madenford, Gary

Soil Conservation Service, Lincoln, NE
Soil Conservation Service, Lincoln, NE

Soil Conservation Service, Madison, WI
Bureau of Land Management, Boise, ID

Maurer, Dave - Bureau of Land Management, Medford, OR
Maxwell, Harold - Soil Conservation Service, Boise, ID
Maynard, Catherine - U.S. Forest Service, Helena, MT
Mccaleb, Nathan - Soil Conservation Service, Lincoln, NE
McCloskey,  Joe - Soil Conservation Service, St. Paul, MN
McDaniel, Paul - University of Idaho, Moscow, ID
McGrath,  Chad - Soil Conservation Service, Boise, ID

McVey, Shawn - Soil Conservation Service, Preston, ID
Meurisse, Robert - U.S. Forest Service, Portland, OR

Miles, Scott - U.S. Forest Service, Redding, CA
Miller, Chris - Soil Conservation Service, Selah, WA
Miller, K. Ed - Ohio Dept. of Nat. Res., Columbus, OH
Mitchell, Robert - Bureau of Land Management, Miles City, MT

Mokma, Delbert - Michigan State University, East Lansing, MI
Monger, Curtis - New Mexico State University, Las Cruces, NM

Moore, Joe - Soil Conservation Service, Anchorage, AK
Muckel, Gary - Soil Conservation Service, Lincoln, NE

Murphy, Dennis - Bureau of Land Management, Montrose, CO
Natsuhara, Charles - Soil Conservation Service, Olympia, WA

Nesser, John - U.S. Forest Service, Missoula, MT
Nielsen, Gerald - Montana State University, Bozeman, MT
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Oelmann, Douglas - Soil Conservation Service, Des Moines, IA
Olson, Dale - Soil Consultant, Pasco, WA
Olson, Kenneth - University of Illinois, Urbana, IL
Page, Richard - Bureau of Land Management, Salt Lake City, UT
Page-Dumroese, Debbie - U.S. Forest Service, Moscow, ID
Parham, Tommie - Soil Conservation Service, Albuquerque, NM
Peterson, Neil - Soil Conservation Service, Boise, ID
Radek, Kenneth - U.S. Forest Service, Okanogan, WA
Raney, Ronald - Soil Conservation Service, Okanogan, WA
Ransom, Mickey - Kansas State University, Manhattan, KS
Reedy, Thomas - Soil Conservation Service, Lincoln, NE
Renthal,  Jim - Bureau of Land Management, Phoenix, AZ
Robbie, Wayne - U.S. Forest Service, Albuquerque, NM
Robert, Pierre - University of Minnesota, St. Paul, MN

Rolph, Steven - Bureau of Indian Affairs, Nespelem, WA
Schaar, Jerome - Soil Conservation Service, Huron, SD
Scheffe, Ken - Soil Conservation Service, Albuquerque, NM
Schellentrager, Gregg - Soil Conservation Service, Des Moines, IL
Schlepp, Richard - Soil Conservation Service, Salina, KS
Schroeder, Darrell - Soil Conservation Service, Casper, WY
Schuler, Rick - Bureau of Land Management, Cheyenne, WY
Shetron, Stephen - Michigan Tech University, Houghton, MI

Sinclair, Ray - Soil Conservation Service, Lincoln, NE
Smeck, Neil - Ohio State University, Columbus, OH
Smith, Chris - Soil Conservation Service, Honolulu, HI

Smith, Dave - Soil Conservation Service, Davis, CA
Sobecki, Terry - Soil Conservation Service, Portland, OR
Swenson, Hal - Soil Conservation Service, Boise, XD

Thiele, James - Soil Conservation Service, Bismarck, SD
Thompson, Bruce - Soil Conservation Service, Columbia, MO
Tugel, Arlene - Soil Conservation SeNiCe, Portland, OR

Vogt, Kenneth - Soil Conservation Service, Columbia, MO

Waite, Don - Bureau of Land Management, Reston, VA
Walters, Alan - Soil Conservation Service, Naches, WA

Weisel, Charles - Soil Conservation Service, Coeur d'Alene, ID
Wettstein, Carol - Soil Conservation Service, Lakewood, CO
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White, Dean - Soil Conservation Service, Waterville, WA

1
Winward, Rulon - Soil Conservation Service, Rexburg, ID

Ypsilantis, Bill - Bureau of Land Management, Coeur d'Alene, ID
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Sunday, June 12

8:30

9:20 - 9:35

9:35 - 9:30

lo:oo - 1O:lO

1O:lO - 10:25

10:33 - 11:os

11:20 - 11:35

11:35 - 12:05

12:05 - 1:15

12:15- 1:15

1:30 - 2:oo

2:lO

3:oo

3:oo - 5:oo

Tour of Bunker Bill Superfund Area

Depart from Holiday Inn parking lot

BLX Haeardous Dust Abatement Project
- Bill Ypsilantia, BLM, Coeut d'Alene, ID

SC8 Plant Materials Trial
- Ron Payton, SCS, MOBCOW, ID

Silver Valley Soil Survey
- Chuck Weisel, SCS, Coeur d'Alene, ID

Grouse Creek SCS Erosion Control Project
- Dave Brown, SCS, Coeur d'hlene, ID

Pintlar Corp. Cleanup Efforts
- Trey Harbert, Pintler Corporation, Kellogg, ID

Discussion of BLM's Role in Gondola Project
- Scott Forsell, BLM, Coeur d'Alene, ID

Gondola Ride to Silver Mt. Ski Resort

Lunch at Silver Mt.

HiStOry  of Superfund Site (Luncheon Presentation)
- Scott Peterson, Idaho Dept. Health & Welfare,

Kellogg, ID
- Jerry Cobb, Panhandle Health District,

Silverton, ID

Gondola Ride to Base of Ski Resort

Depart for Coeur d'Alene

Arrive Coeur d*Alene

Registration
- Holiday Inn Lobby

J
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Monday, June 13

a:00 - 9:oo

B:OO-3:30

9:oo - 9:15

9:15 - 9:30

9:30 - 9:45

9:45 - 1o:oo

1o:oo - IO:30

10:30 - 10:45

10:45 - 11:oo

1l:OO - 11:15

11:15 - 11:30

11:30 - l:oo

l:oo - I:15

1:15 - 1:30

1:30 - 2:oo

2:00 - 2:30

Registration
- Bay 1, Convention Center, Holiday Inn

Exhibitor's Bession
- Foyer of Convention Center/Lobby, Holiday Inn

Opening Remarks
- Bill Ypsilantim,  Conference Chairperson, Bureau of Land
Management, Coeur d'Alene, ID

Welcome by Bureau of Land Management
- Del Vail, State Director, Boise, ID

Welcome by Soil Conservation Service
- Ed Burton, Deputy State Conservationist, Spokane, h’A

Welcome by Forest Service
- John Nesser, Region 1 Soil Scientist, Hissoula, MT
- David Jolly, Regional Forester, Hissoula, MT

Break

Welcome by University of Idaho
- Dr. David Lineback, Dean, College of

Agriculture, Moscow, ID

Agency reports:

Soil Conservation Service
- Dr. Richard Arnold, Director, Soil Survey Division,

Washington, D.C.

Bureau of Land Management
- Glenn Bessinger, Soil Program Lead, Washington, D.C.

Forest Service
- Wayne Robbie, Region 3 Soil Scientist,

Albuquerque, NM

Lunch

Western Region Agricultural Experimental Stations
- Dr. Gene Kelly, Colorado State University,

Fort Collins, CO

Midwestern Region Agricultural Experimental Stations
- Dr. Pierre Robert, University of Minnesota, St. Paul, HN

The Great Flood
- Brian Rowder, Farragutt  State Park, ID

Geological and Pedologio History of the Palouse

;r
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2:30 - 3:00

3roo - 3:30

3:30 - 4:15

4:lS - 5:oo

6:30 - 7:oo

7:oo - 9:oo

- Dr. Alan Busacca, Washington State University

Volcanic Ash Influenced Soils of Idaho
- Dr. Paul HcDaniel, University of Idaho

Break

Agency Meetings

Soil Conservation Service, Wsstam/Widuestem  Regions
- Bay 2, Convention Center, Holiday Inn

Agricultural Experimsatal Stations,
We#tem/bIidwcstarn Regions

- Boardroom, Holiday Inn

US Forest Service
- Conference Room, Comfort Inn

Bureau of Land Hanagament
- Coeur d'Alene Room, Shilo Inns

Soil Conservation Service, Western Region
- Bay 2, Convention Center, Holiday Inn

Soil Conservation Service, Midwestern Region
- Bay 1, Convention Center, Holiday Inn

Agricultural Experimental Stations, NCR4
- Small Conference Room, Shilo Inns

Agricultural Experimsntsl Stations, WRCC-30
- Boardroom, Holiday Inn

US Forest Service (continuation)
- conference Room, Comfort Inn

Bureau of Land Hanagament (continuation)
- Coeur d'Alene Room, Shilo Inns

Boarding time for cruise boat.

Conference reception on the Coeur d*Alene cruise
boat. Eric Thomson, BLM, Coeur d'Alene, ID will
provide commentary at points of interest about BLX
management on the lakeshore. spouses welcome!
(cruise departure at 7 p.m. sharp)



I
Tuesday, June 14

1
9:oo - 3:30 Exhibitor's Session

- Foyer of Convention Center/Lobby, Holiday Inn

8:OO - 8:20 Ecosystem Management Overview 1 Forest Xealth I
Assessment

- John Newer, USFS, Missoula, MT

a:20 - 8:40 Soil Relationships to Ecosystem Uanagement
I

- Robert Meurieee,  USFS, Portland, OR

8:40 - 9:00 Ecosystem Basis for Soil Survey II
- Jim Culver, SCS, Lincoln, NE

9:oo - 9:lO Field trip orientation
I

9:lO - 1O:IO Poster sessions
- Foxies Lounge area, Holiday Inn

Special Use Soil Survey for Desert Tortoise- Eddie Garner, BLN, Las Vegas, NV 1
Soil Survey Enhancement and Ecological Site 1
Correlation

- Al Amen, BLH, Denver, CO

Slashburn Effects on a Gpodosol in the Rain Forest of 1
the Humid Tropics

- Arlene Tugel and John Kimble, SCS, Portland, OR

Analysis Based on Ecosystem Happing Hierarchies
I

- Cathy Maynard, USFS, Helena, MT

Special Soil Surveys and Pigmy Rabbit I
- Jay Kehne, SCS, Spokane, WA

Riparian Area Management to Range Reform 94
- Ronnie Clark, BLH, Lakewood, CO I

Seasonal Occurrence of Perched Water Tables in the
Eastern Palouse Region

- Rod Gabhart, University of Idaho, Moscow, ID
II

Procedures for Proposing Changes to Soil Taxonomy
- Robert Engel, Robert Ahrens and John Witty, 1

SCS, Lincoln, NE

Biological Control of Noxious Weeds
- Robert Mitchell, BLH, Miles City, MT 1

IO
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1O:lO - 10:40 Break

10:40 - 12:oo Committee Meetings

The Role of NCSS in Sits Specific Soil Surveys
- Bay 1, Convention Center, Holiday Inn

Drastically Disturbed Soils
- Coeur d'Alene Room, Shile Inns

Ecosystem Based Soil Surveys for ReSOurce Planning
- Bay 2, Convention Center, Holiday Inn

Distribution and Access to Soil Survey Data
- Small Conference Room, Shilo Inns

Redefining the Cooperative Role in NCSS
- Boardroom, Holiday Inn

New Ways of Making Soil Survey InterpretatiOns
- Conference Room, Comfort Inn

12:oo - 1:15 Lunch

1:15 - 3:oo committee Meetings

The Role of NCSS in Site Specific Soil Surveys
- Bay 1, Convention Center, Holiday Inn

Drastically Disturbed Soils
- Coeur d'Alene Room, Shilo Inns

Ecosystem Bafed Soil Surveys for Resource P l a n n i n g
- Bay 2, Convention Center, Holiday Inn

Distribution and Access to Soil Survey Data
- Small Conference Room, Shilo Inns

Redefining the Cooperative Role in NCSS
- Boardroom, Holiday Inn

New Ways of Making Soil Survey Interpretations
- Conference Room, Comfort Inn

3:oo - 3:30

3:30 - 4:45

Break

committee Heetings

The Role of NCSS in Site Specific Soil Surveys
- Bay 1, Convention Center, Holiday Inn

Drastically Disturbed Soils
- Coeur d'Alene Room, Shilo Inns

Ecosystem Based Soil Surveys for Resource Plaoning
- Bay 2, Convention Center, Holiday Inn

Distribution and Access to Soil Survey Data
- Small Conference Room, Shilc Inns



1:oo - a:30

7:30-8:30

Redefining the Cooperative Role in NCSS
- Boardroom, Holiday Inn

New Hays of Making Soil Survey Interpretations
- Conference Room, Comfort Inn

NCR3 Nesting
- Coeur d'Alene Room, Shilo Inns

Idaho Soil Scientist Association Meeting
- Bay 1, convention center, Holiday Inn
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Wednesday,.lunelS

Qonference Field Tow

Bueaes Depart from Holiday Inn parking lot at 7:00 a.m.

stop 1 - Patterned Ground/Channeled Scabland Soil - Miller Ranch,
Washington (arrive 8:05, depart 9:05)

stop 2 - Palouse Paleosols - Ewan, Washington (arrive 9:25, depart
lo:201

stop 3 - Lunch stop - Steptoe Butte, Washington (arrive 11:20, depart
12:20)

stop 4 - Loess Soil on Forest Site Converted to Cropland -
Setters, Idaho [arrive 1:45, depart 2:45)

stop 5 - VolCaniC  Ash Soil - Fourth of July Pass, Idaho (arrive 3:30
depart 4:30)

Busses Arrive at Holiday Inn parking lot at 5:00 p.m.



Thursday, June 16

8:OO - a:20

a:20 - a;40

a:40 - 9tOO

9 : o o  - 9120

9:20 - 9:40

9:40 - 1 o : o o

1 o : o o  - 10:30

10:30  - 10:50

10:50 - 11:lO

11:lO - 11:30

11:30 - l:oo

l:oo - 1:20

1:20 - 1:40

1:40 - 2:oo

2:oo - 2:20

2:20 - 2:40

2:40 - 3:20

An Integrated Landscape Resource Analysis Approach to
Comprehensive Watershed Management
- Al Amen, BLH, Denver, CO

Variation of Surface Soil Salinity on Steep Wancos
Shale Ecosystems

- Dennis Murphy, BLH, Montrose, CO

Long Term Soil Productivity and Volcanic Ash Soils
- Debbie Page-Dumroese, USFS, Hosccw, ID

Ecosystem Mapping Rierarchies; Aquatic and
Terrestrial

- Cathy Maynard, USFS,  Helena, MT

overview of Forest Ecosystems
- Dr. David Perry, Oregon State University,

Corvallis, OR

Soil Invertebrates in a Forest Ecosystem
- Dr. Andy Holdenke, Oregon State University,

Corvallis, OR

Break

SWAPA
- Nathan HcCaleb, SCS, Lincoln, NE

Restoring Riparian Ecosystems
- Wayne Elmore, BLW, Prineville, OR

Water Quality
- Terry Sobecki, SCS, Portland, OR

Lunch

Conservation Efforts along the Coeur d*Alene River
- Frank Frutchey, Kootenai County, Coeur d'Alene, ID

Wetland Delineations
- A r l e n e  Togel, SCS, Portland, OR

Water Quality Issues and Related Soil Information
Needs in the Clark Fork-Pend Oreille Watershed

- Ruth Watkins, Tri-State Implementation Council,
Sandpoint, ID

Incorporation of Soil Information into Cumulative
Effects Analysis in Idaho

- Brian Sugden, Plum Creek Timber, Columbia Falls, MT

NASIS
- Harold Maxwell, SCS, Boise, ID

Break
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3;20 - 3:40 PM-10
- Jim Carley, SCS (retired), Spokane, WA

3140 - 4:oo The Role of the Soil Scientist in Land Use Planning -
A Consultant's Perspective

- Pierre Bordenave, InterMountain Resources,
Sandpoint, ID

4:oo - 4:30 A century Minus Five ---- and Counting
- Dr. Richard Arnold, SCS, Washington, D.C.



I

Friday, June 17
I
I
I

8:OO - 8:20

8:20 - 8:40

8:40 - 9:00

9:oo - 9:20

9:20 - 9:40

9:40 - 1o:oo

1o:oo - 10:30

10:30 - 10:50

10:50 - 11:lO

11:lO - 11:30

11:oo - 12:oo

12:oo

1200 - 3:oo

National Ecological Hierarchy
- Tom Collins, USFS,  Ogden, UT

Use of Soil Information for Assessing Ecosystem
li'ealth

- Phil Cernera, Coaur d'Alens Tribe, Plummer, ID

A Political Perspective on Ecosystem Management and
Its Consequences to Idaho

- Senator nary Lou Reed, Idaho state Senate, Boise, ID

Committee report5

Role of NC8S in Site Specific Soil Surveys
- Del Hokma,  Michigan State University,

East Lansing, M I

Drastically Disturbed Soils
- Sam Indorante, SCS, Illinois

Ecosystem Based Soil Surveys for Resource Planning
- Robert Heurisse,  USFS, Portland, OR

Break

Distribution and Access to Soil Survey Data
- Scott Davis, ELK, Lakewood, CO

Redefining the Cooperative Role in NCSS
- Paul McDaniel, University of Idaho

New Ways of Making Soil Survey Interpretations
- Arlene Tugel, SCS, Portland, OR

West Region business meeting
- Bay 2, Convention Center, Holiday Inn
- Dennis Heil, SCS, Portland, OR

Midwest Region business meeting
- Bay 1, Convention Center, Holiday Inn
- Nathan HcCaleb, SCS, Lincoln, NE

Adjourn

Steering committee mooting
- Coeur d'Alene Room. Shilo Inns
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FACILITATORS

pondav, June 13

morning

afternoon

Bill Ypsilantis, BLM, Coeur d*Alene, ID

Russ Xrapf, BLM, Phoenix, AZ

Tuesdav. June 14

morning Tommie Parhan, SCS, Albuquerque, NM

Thursday. June 16

morning Annie Greene, USFS, Dillon, MT

afternoon Mary Davarsa, BLN, Prineville, OR

Fridav, June 17

morning Dennis Heil, SCS, Portland, OR
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Exhibitor's Session

American Excelsior Company
Phil Davis, sales
609 8. Front Street
Yakima, WA 98901
206-462-7263

Decagon Devices
Grant Harris, Sales
AgVisioa Sales Department
P.O. BOX 835
Pullman, WA 99163
509-332-2756

Electronic Data Solutions
David Dean, Sales
P.O. BOX 31
Jerome, ID 83338
208-324-8006

National Society of Consulting Soil Scientists
Pierre Bordenave, President
111 Cedar Street, Suite 8
P.O. Box 1724
Sandpoint, ID 83864
208-263-9391

North American Green
Mark Janeway, Sales
313 NE 81st Street
Seattle, WA 98115
206-524-1273
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Western/Midwestern Regional
Cooperative Soil Survey Conference

Soil Survey in Ecosystem Management

Conference

Dennis U. Eeil, Permanent Chair
Soil Conservation Service
West National Technical Center
511 N.W. Broadway, P.m. 248
Portland, OR 97209-3489
(503) 326-2851

Alnn Buswzca,  Profwsor
Dept. of Agronomy C Soils
Washington State University
Pullman, WA 99164
(509) 335-2381

Toi Collie*, Soil Scientist
Forest Service
Federal Building
324 25th Street
Ogden, UT 84401
(801) 625-5357

Robart Klink
Bureau of Indian Affairs
911 N.E. 11th Ave.
Portland, OR 97232-4169
(503) 231-6751 ext. 313

Harold Maxwell, State Soil Scientist
Soil Conservation Service
3244 Elder Street, Rm. 124
Boise, ID 83705
(208) 334-1348

Steering Committee

Paul McDaniel, Professor
Dept. of Plants, Soils, 6

Entomological Sciences
University of Idaho
Hoecow, ID 83843
(208)885-7012

Ken Olnon, Professor
Agronomy Dept.
University  of Illinois, Urbana
1102 S. Goodwin Ave.
Turner Hall, Pin. W4Olc
Urbana, IL 61801
(217) 333-9639

Bill Yprilantis, Conference Chair
Bureau of Land Management
1808 N. 3rd St.
Coeur d'Alene, ID 83814
(208) 769-5025

James Carley, State Soil Scientist
Soil Conservation Service
Rock Point Tower II, Suite 450
W. 316 Boone Ave.
Spokane, WA 99201-2349
(509) 353-2339

Bruce Frazier, Professor
Crop Soil Science
Washington State University
Pullman, WA 99164
(509) 335-2381

Lyle Linnoll, Conference Secretary
Bureau of Land Hgmt. (retired)
E. 5305 French Gulch Road
Coeur d'Alene, ID 838144
(208) 664-2961

Nathan HcCsleb, Permanent Chair
Soil Conservation Service
Hidwest National Technical
Federal Building, Rm. 152
100 Centennial Mall North
Lincoln, NE 68508-3866
(402) 437-5315

Center

John Nester, soil scientist
Forest Service
P.O. 80x 7669
HisSoula, MT 59807
(406) 329-3412

Wayne Rabbi., Former Conformnco  Chair
Forest Service
517 Gold Ave., S.W.
Albuquerque,  NH 87101
( 5 0 5 )  8 4 2 - 3 1 4 2
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Welcoming Remarks

1994 Western/Midwestern Regional Cooperative

Soil Survey Conference

June 12-17, 1994

Del Vail

State Director

Bureau of Land Management

Boise, Idaho

I'm very happy to have this opportunity to welcome you to
The Gem State - Idaho. Idaho is truly the "Gem of the West"
with the deepest canyon on the North American continent,
many of the west's great untamed rivers, majestic mountain
ranges, and immense wilderness areas. Dramatic elevation
ranges in the state are illustrated by Mt. Borah at over
12,000 feet and the inland seaport of Lewiston at a mere 750
feet above sea level.

The uncompromising beauty of this state is reflected in the
clear waters of its over 2,000 lakes. In fact, Idaho has
the greatest concentration of lakes of any western state.
These lakes are a fisherman's paradise. A few months ago, a
local fisherman caught a record setting 43 pound Mackinaw
out of Lake Pend Oreille, the largest lake in the state
located just 18 miles north of Coeur d@Alene. And later
today, you will have an opportunity to enjoy a cruise on
Lake Coeur d'Alene which was rated as one of the five most
beautiful lakes in North America by National Geographic.

Idaho is a large, uncrowded state. With almost 53 million
acres of land, it is the nation's 11th largest state yet
only ranks 40th in population. Even though it is one of the
fastest growing states in the U.S., its population just
recently surpassed one million people. In fact, there are
more sheep and cattle in Idaho than people.

Idaho has a rich historical heritage. The Lewis and Clark
expedition crossed the Bitterroot Range at Lola Pass and
followed the Selway and Clear-water Rivers to the Snake River
in 1805.

Between 1842 and 1860, three hundred thousand emigrants
traveled west along the Oregon Trail. One hundred fifty
years later, wagon ruts are still visible along the 580

30
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miles of the trail crossing southern Idaho. The 150th
anniversary of the trail was celebrated in 1993 through the
successful cooperation of BLM and numerous other
organizations.

In 1846, Idaho was acquired by the United States as part of
the American territory agreed to in the Webster-Ashburton
Treaty with Great Britain. Idaho Territory was created in
1863. It included Montana until 1864, and most of Wyoming
until 1868. On July 3, 1890, Idaho became the 43rd state.

Almost two-thirds of Idaho is federally owned. The Bureau
of Land Management administers nearly 12 million acres or
about 22 percent of the land in the state. This land
encompasses a wealth of natural and historic resources.

Public land administration has come a long way since the
passage of the Taylor Grazing Act of 1934 and the inception
of the BLM in 1946. Demands on the resources are
continually increasing and becoming more diverse. Laws and
regulations that guide our management are infinitely more
complex than they were just a few years ago. The challenges
that face us are considerable, but the Bureau of Land
Management in Idaho is ready to meet those challenges in a
professional manner and forge ahead into new frontiers of
land stewardship thru Ecosystem Based Management.

To provide you with an idea of the scope of the task facing
BLM, let me acquaint you briefly with some of the unique
resources in our care and some of the critical issues we are
tackling. BLM administers almost 1,800 miles of spawning
and rearing habitat in the Pacific Northwest: 70 percent of
which occurs in Idaho. Sockeye salmon were listed as an
endangered species in November 1991 and three races of
Chinook salmon were listed as threatened in May 1992.
Listing requires federal agencies to avoid any further
losses and undertake actions to recover the species.
Section 7 of the Endangered Species Act requires federal
agencies to consult with the National Marine Fisheries
Service to determine if proposed actions comply with the
act. BLM has reviewed all ongoing actions, including
livestock grazing, recreation, mining, timber harvest, and
road construction and maintenance to determine which
activities "nay affect II the listed salmon species. Hundreds
of biological evaluations and assessments have been prepared
and consultation is proceeding. This is a tremendous
workload which greatly influences how these traditional
public land activities are conducted. I can assure you the
BLM is committed to protecting the habitat of these listed
species.
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The Snake River Birds of Prey Area, located just outside
Boise, has the highest known nesting density of raptors in
North America. Over 700 nesting pairs of 15 different
species of eagles and hawks occur within this area, most of
which is managed by BLM.

Major populations of deer, elk, moose, and Rocky Mountain
bighorn sheep winter on BLM land. Approximately 95 percent
of the California bighorns, 80 percent of the antelope and
80 percent of the sage grouse populations in the state are
dependent upon BLM land for habitat.

Threatened and endangered plants also are important
components of the ecosystem on public lands. The Coeur
d'Alene District has developed a recovery plan for
MacFarlane's Four O'clock, Idaho's only endangered plant
species.

A 119-miles stretch of the South Fork of the Snake River in
eastern Idaho has been identified by the U.S. Fish and
Wildlife Service as Idaho's most important cottonwood
riparian ecosystem. It is also one of the most significant
bald eagle nesting areas in the United States, producing
about one-half of the bald eagles born in Idaho.

BLM is cooperating with the Idaho Department of Fish and
Game, Ducks Unlimited, and the Idaho Nature Conservancy to
conserve and improve fish and wildlife habitat in the
Thousand Springs/Chilly Slough areas. These areas contain a
wide diversity of wildlife as well as a highly productive
trout fishery, and public recreational opportunities.

Recreational use of public lands has mushroomed in recent
years. The river management program involving the Lower
Salmon, Bruneau/Jarbridge, and Owyhee  RiVerE has received
national recognition. New programs, such as watchable
wildlife, cave management and management of BLM's Back
Country Byways, are rapidly expanding. Tourism is the
fastest growing industry in Idaho and BIN provides
recreation sites and unspoiled lands that draw travellers
from around the world.

Range Reform and changes in the mining claim fee structure
have had a profound impact on the workload of the BLM in
Idaho and elsewhere. Thousands of public inquiries have had
to be answered regarding these complex, ongoing issues.
Just last Wednesday, over 50 formal hearings were jointly
held with the USFS throughout the west to obtain public
comments on the administration's Range Reform 94 proposals,
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The Clean Water Act amendment of 1987 placed additional
emphasis on nonpoint source pollution control by requiring
ELM to meet the requirements of the State of Idaho Nonpoint
Source Management Program and the Idaho Antidegredation
Regulations.

Third-order soil surveys have been completed on
approximately 97 percent of the public lands in Idaho, with
Butte County the last major mapping effort in the state.
The soil surveys are being correlated with the range sites
and habitat types. New soil initiatives will center on the
assessment of ecosystem health.

Management of various programs, such as soil, water, range,
wildlife, forestry, minerals, lands, recreation, and others,
has been the traditional means of administering the wide
.array  of resources and uses of the lands the BLM
administers. However, the emphasis is shifting towards
Ecosystem Based management of the entire state.

Idaho BLM is at the leading edge of this conversion to
ecosystem-based management. The State of Idaho has been
divided into four ecoregions: the Upper Columbia River,
Salmon/Clearwater Rivers, Lower Snake River and the Upper
Snake River. These ecoregions have been further subdivided
into ecosystem management areas. At the present time, 10
ecosystem management areas have been designated. Additional
ecosystem management areas will be designated as the process
continues.

The ecosystem management process within BLM will rely
strongly on interdisciplinary teams to develop and implement
on-the-ground management. Cooperation between federal and
state agencies, user interest groups and conservation groups
will be essential to the success of ecosystem based
management. Ecosystems do not conform to political and
agency boundaries and they must be managed, to the greatest
extent possible, without regard to traditional
administrative lines on maps. However, that doesn't infer
that management of private land will be dictated by federal
agencies.

Hopefully, we can work together with private landowners to
build partnerships and develop a consensus about making good
land stewardship decisions that will benefit all interested
parties.

Soil has been described as the "Placenta of the Ecosystem"
since it nourishes all the other components of that system.
Protection of that placenta is critical to the preservation



of health, function, and inherent productive capability of
the ecosystem. Mush of the species richness and diversity
of ecosystems is encompassed in the soil mantle. Thousands
of microbial and macro-invertebrate species and associations
of these species are present in surprisingly small volumes
of soil. We need to discover more about how our management
of the land impacts these and other components of the soil.
Our prosperity, and ultimately our very survival, may depend
upon the answers to these questions.

I know you have a full and informative agenda for your
sessions this week. I hope you can tackle some of the
critical issues facing all of us as we move into ecosystem
based management.

Again, I want to sincerely welcome you to Idaho.
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Deputy State Conservationist

Soil Conservation Service

Spokane, Washington

Welcome to the West/Midwest Regional Work Planning
Conference. We extend a special welcome to our
friends/colleagues from the Midwest region and to the field
and area soil scientists who are able to be here this week.
We extend special thanks to the Coeur d'Alene division of
the Bureau of Land Management for their effort to host this
conference. We are anxious to show our geographic area to
you and to team up with our cooperators during this
conference to discuss ideas and strategies to take us into
the future. There are many new challenges for each of us
with downsizing, reinvention/reorganization efforts and new
and increased requests to meet our customer's needs.

We have a beautiful, unique area which provides the
classroom/laboratory for this workshop. Continental and
alpine glaciation created the U-shaped valleys and the lakes
of Worth Idaho and Northeastern Washington. The numerous
failures of Glacial Lake Missoula created the Channeled
Scablands of Eastern Washington and the volcanoes of the
Cascade Mountain Range have provided the unique parent
materials for the Andisols of this area. Your Wednesday
field trip will provide you the opportunity to see much of
this first hand.

There are about 360 million acres of Federal land and about
400 million acres of nonfederal land in the West. It is
often intermingled in complex patterns which provides unique
opportunities to partnership in our soil survey efforts.
There are numerous opportunities for resource inventory and
management, for developing and improving interpretations and
transferring technical data to our customers. With the
computer hardware/software technology that now exists and
our needs as partners, it is important that our data bases
are accessible by ALL cooperators in the National



-2-

Cooperative Soil Survey (NC%) program. In Washington, the
Forest Ecosystem Management Assessment Team (FEMAT) and the
East Side Forest Assessment Project are examples of new
opportunities for cooperation among agencies in the NCSS.

Not only is land use varied in the West, traditional uses
such as timber production, recreation, irrigated and dryland
crop production, and livestock grazing are now impacted by
new pressures and expectations, especially at the
urban/agriculture interface.
with new customers,

This provides soil scientists
new challenges and the need for

innovative resource management systems to protect these
resources. Water quality programs of some form are being
required or considered by all levels of government. Land
owners and users need current, accurate soils information to
make natural resource planning and implementation decisions.

There are about 127 active soil surveys in the west.
Ninety-five are on nonfederal lands and 32 are on Federal
lands. There are about 220 million acres yet to be mapped
in the West. For example, Washington State has about
700,000 acres of nonfederal lands not yet mapped for a "once
over". However, we have another 4 million acres that need
to be updated/remapped to meet customer needs. Several
million acres of other lands have the need to be updated or
make soil surveys to meet the NCSS standard level.

The lands of the West are varied and access is often limited
because of the ruggedness of the resource we are attempting
to inventory/manage. Landscape, climate, geology, and plant
community diversity also dictates the number of soil series
that are mapped and the number of soil interpretation
records needed to provide interpretations for our customers.
Of the approximately 16,000 soil series recognized in the
U.S., roughly 10,500, or 60 percent, have been proposed and
are used in the West. About 70 percent of the 30,000 soil
interpretation records (SCS-SOI-5s) are used in the west.
Again, this generates a lot of data to store, manipulate and
access. There is also a demand for new data from our
customers which needs to be supported by ADEQUATE field and
laboratory observations so that the data provided are
reliable and can be certified. There is no substitute for
quality data in any program.

The West, particularly AK, CA, ID, OR, and WA, have most of
the soils now recognized as Andisols. The need to properly
inventory these soils has created a tremendous workload for
the reclassification effort and a large workload exists to
quantify and quality the soil properties that need to be
entered into soil databases so that the data can be
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certified. This is an area where partnering with our
cooperators will be useful in generating this data.

Workloads generated by soil correlation, reclassification,
phase 1 National Soil Information System (NASIS),  emerging
issues (wetlands), along with downsizing, has created a
situation where many of our internal and external client
requests for information and services are no longer being
provided. The demand for soils information and, therefore,
soil scientists, if anything, is going to increase.

The challenges to meet our responsibility of the wetland
program will further tax our ability to provide timely,
quality, traditional services to our clients. This and
other new responsibilities will require some new levels of
cooperation among NCSS cooperators as this workload will
create shifts in priorities and staffing needs. This is a
time to build on what we have and look for new opportunities
for cooperation. This increasing demand for accuracy,
current data and more of it is a challenge to the members of
the National Cooperative Soil Survey to be creative in
addressing user/client needs and to expand and enhance
partnerships.

The National Cooperative Soil Survey and the partnerships we
have are a fine example of working together, making the best
use of available staff and resources to provide a product
that benefits society and our ability to manage for
ecosystem health. I commend you for your contribution.

Enjoy your stay here. If we can be of any help to you, let
us know. I wish you a successful conference and an
enjoyable week.
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On behalf of the Forest Service, let me welcome all of you
to Coeur d'Alene in beautiful northern Idaho. I appreciate
this opportunity to share some thoughts with you concerning
Ecosystem Management and the role of the National
Cooperative Soil Survey.

The Forest Service has managed ecosystems since its
inception; so have many other Federal and State agencies.
That management has often focused on selected parts of
ecosystems rather than on whole ecosystems or on the
processes that keep ecological systems healthy, diverse, and
productive. Our knowledge and thinking have evolved. We
are now embarked on a course of managing ecosystems to
sustain both their diversity and productivity while at the
same time laying the foundation for sound multiple-use,
sustained-yield management. I want to offer some thoughts
on what is different about management today as compared to
the past, define Ecosystem Management, and suggest some
principles for Ecosystem Management.

First, what is different today than in the past? Today we
find that:

1. people need and want a wider variety of uses, values,
products, and services from the land:

2. new information and a better understanding of ecological
processes emphasizes the role of biological diversity as a
factor in sustaining the health and productivity of
ecosystems and the need for integrated ecological
inventories at various scales to support ecosystem
management;
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3. people outside the Forest Service and other Agencies
want more direct involvement in the decision-making process:
and

4. the complexity and uncertainty of natural resources
management calls for stronger teamwork between scientists
and resource managers in all Agencies.

An ecosystem is a community of organisms and its environment
that functions as an integrated unit Ecosystems occur at
many different scales and change over time. They do not
have natural boundaries: they grade into others and are
nested within a matrix of larger ecosystems.

Ecosystem Management means the use of skill and care in
handling organisms and their environments. It implies that
the system is the context for management rather than its
individual parts. It is the means to an end, not an end in
itself. We do not manage ecosystems just for the sake of
managing them. We manage them for specific purposes such as
producing, restoring, or sustaining certain ecoiogical
conditions: desired resources uses and products: and
aesthetic, cultural, or spiritual values. Put another
ecosystem management means to product desired resource
values, uses, products, or services in ways that also
sustain the diversity and productivity of ecosystems.

way,

What them, are some key principles for Ecosystem Management?
I would suggest these:

1. Manage for diversity and sustainability: Multiple-use,
sustained-yield management depends on sustaining the
diversity and productivity of ecosystems at multiple
geographic scales.

2. Recognize that ecosystems are dynamic and complex:
Future conditions are not perfectly predictable and any
ecosystem offers many options for uses, values, products,
and services which can change over time.

3. Define desired future conditions: Descriptions of
desired future conditions for ecosystems should integrate
ecological, economic, and social considerations into
practical statements that can guide management activities.

4. Management must be coordinated: Ecosystem connections
at various scales and across ownerships make coordination of
goals and plans essential. Landscape and regional scales
are increasingly important in analyses and management
guidelines. However, this does not translate into a right
to regulate private property rights or dictate the actions
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of other landowners. We are partners and cooperators in
ecosystem management, not regulators.

5. Data needs to be integrated: In order to support
integrated management of lands and resources, inventories
and data should be integrated. This is one area in which
the National Cooperative Soil Survey can play a key role.

6. Management and Research should be integrated:
Monitoring and research should be integrated with management
to continually improve the scientific basis of ecosystem
management.

In conclusion, let me state that the knowledge and
understanding of soils has always been and will continue to
be integral to our understanding of ecosystems and how they
function. Scientific, integrated inventories are key to the
further development of our knowledge base.

Once again, welcome to Idaho. I wish you an enjoyable and
productive conference.
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Country-wide Forums. There are 2 kinds. One deals with
ideas for the 95 Farm Bill. What changes may be desirable
or needed? Conservation Reserve Program receives a lot of
attention as contracts are completed and land may go back
into production. Interest in soil and water quality, as
discussed in the recent National Research Council report,
addressed the importance of maintaining and improving the
quality of soil and water resources.

Another set of forums, we call then the Chief's Forums, are
concerned with how best to serve the needs of the country.
Should the mission be modified? Is a natural resource
conservation service, NRCS, an appropriate mechanism?

It is an opportunity for everyone to have a say. We are
interested in your comments, your suggestions, your
concerns. There will be meetings all across the country.
Tell us what you think. It is for employees of SCS, FS,
BLH, BIA, NPS and all other agencies. It is for university
folks, special interest groups. It is for individuals -
farmers, ranchers, foresters, wildlife specialists, energy,
conservation, production, protection, stewardship, urban
folks, rural folks, everyone who cares. Please take part;
in person, in writing, on the hotline, and encourage others.

Restructuring of USDA. Secretary Espy is waiting for
Congress to give its approval to re-organize the USDA, to go
from about 40 offices and agencies to something in the 20's,
to downsize even further, to close some offices and combine
others, to make USDA more responsive and efficient. Things
are somewhat on hold. After the buyout (about 1,000 of
13,000 employees), it is necessary to re-think how to cope
with our responsibilities. State realignments are
occurring. Will SCS have another buyout? I don't know - if
so it likely will be a directed effort to protect certain

3 I
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job series and encourage others to leave. No definite word
as yet. Most everyone is on an interim staffing plan; a
consolidation process, a time of re-evaluation, and thinking
about what we likely can do and cannot do. NHQ will
probably be re-aligned but not right away. Chief Johnson
wants to hear more of the Otheartbeatl' of America - then make
a move.

Suduets. Well, I've already told you the good news. The
bad news is the frustration of adapting to unwanted changes.
A subcommittee of the House did a mark-up of 95 budget -
OUCH! Do Wetland6 but we'll cut out other activities. For
example, greatly reduce river basin and watershed
activities. Soil survey is looking at a 1993-like budget -
no pay increase, no inflation, no $2.5 M for digitizing, no
$6 M for orthophotoqraphy. If that is to be our budget, we
will have to juggle priorities more than anticipated. We
fare better than some other SCS programs, but that makes us
a higher percent of the budget and that means covering more
off-set for the agency.

Soil Survey. We report to the Deputy Chief for Technology,
Richard Duesterhaus. Rich was previously the Assistant
Chief for the Northeast. He's a fine person and will very
capably lead us through the transition. The Soil Survey
Steering Team is functioning fairly well. A lot of tough
decisions now because of budgets, re-thinking of SCS
priorities, little stumbling blocks and the like. But they
are getting better all the time and we have a strong
commitment to a total Soil Survey program.

Based on your comments, suggestions, and criticisms, we have
started to flush out the Soil Survey Program Plan into a
real strategic plan that tells us our objectives, where we
are now, where we want to be, what we are doing to get us
there, and how we measure our progress. We currently have 5
strategic issues and 24 specific objectives. It is a
flexible document. It begins to meet the national
performance policies of the U.S. Government.

The Future. Our strategic issue number 3 is to provide a
basic inventory of soil information for the entire country

that is produced according to NCSS standards and procedures.
We really believe this. The people of the U.S. deserve the
best information possible that is consistent and relevant.
How should we achieve this? Are there things we could be

doing that we aren't doing now? The Federal Geographic Data
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is charged with making geographic data meet
readily available. This sounds OK but the
staggering - how to get U.S. soil surveys

in a coordinated, integrated database that everybody can tap
into - a big job - tough to comply with these new
regulations.

Please consider ways to do the right things for the right
reasons. Should USDA efforts in soil inventory be combined?
Only the mapping and GIS? Whole reports? What about data
application - technical soil services - keep separate or
handle jointly? Lots of unanswered questions - but some
truly interesting opportunities to serve the needs of
society.

What about coordinating surveys for the whole U.S.? All
private and all public lands. Would Congress entertain such
a request - do the people of the U.S. desire efficiency and
effectiveness for their tax dollars?

Think about it - talk about it - let us know. GO to the
Forums, write letters, get active, get involved. It's your
Soil Survey - where do you want it to go? Where should we
be in the 2ls.t Century? How can we best serve the best
interests of the folks of the U.S.?

We have proposed a number of alternatives for the SCS top
staff and our Assistant Secretary to consider - they are
doing that and will offer us their opinions soon. The next
century will surely be exciting - no matter which path we
follow.

Thanks.
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Ecosystem Management and Soil Surveys in the BLM

In the Bureau of Land Management, we're working towards
implementation of ecosystem management. And, like many
other agencies, our concept of ecosystem management is not
yet solid. There seems to be many ideas and perceptions on
how to approach the concept and, just possibly, we may never
adopt a single approach.

To better accommodate ecosystem management, we are going
through some significant changes in the BIN. Our
organizational structure, at all levels, is being revised.
And, probably of greater significant, our budget process is
changing from program specific to a project basis - a very
positive change in regard to our ability to manage the soil
resources on the public lands.

The common ecosystem management buzz terms I consistently
hear are capability, sustainability, diversity, and health.
And, the definitions for these terms are found, to a very
large degree, in the soil ecosystem.

As a result, I believe that ecosystem management provides
the soil profession an excellent opportunity to assume a
leadership role in public land management. Our knowledge,
and the analysis and application of soil information, is a
prerequisite to virtually all land use decisions; a fact
that becomes more and more apparent to managers and other
resource specialists as we begin to manage ecosystems and
not uses such as mining, grazing, and the like.

As all of you know, the traditional soil survey is the
premier process for identifying ecological baselines. The



survey provides more than just soil information. It
provides the ecological setting for the landscapes we
manage.

But, it seems to me, that the use of the information is
relatively limited. And, I'm not sure exactly why. Maybe
it's because we haven't adequately demonstrated and nor sold
it's utility to management and others. Is it because we've
been too focused on the collection of the data itself and
not the interpretation and on-the-ground applications?

Whatever the reasons, it is becoming more and more difficult
for us to get the priority and budget we need for soil
surveys. To help mitigate this situation, the soil survey
strategy being developed is that:

1. New soil surveys will be conducted only as part of an
interdisciplinary efforts to gather and apply ecological
information - ecological inventories vs. soil surveys:

2. Priority for ecological inventories within the BLM will
be based on more immediate management needs, consistent with
planning schedules, budgets, and other measures. We cannot
afford what I call a "blanket" goal like, "100% coverage by
a specific date." It just will not ever happen: and,

3. Established project management tools and techniques will
be used to plan and control inventories. We must:

- Have direct management involvement;
- Meet our schedules and budgets; and,
- Get the type and quality of information we need.

Other objectives that we are working towards that will help
us meet our goal for soil resource management in the ELM
includes:

- Modernization of our business systems, especially through
automation. Our information must be automated and the
professionals highly computer literate.

- Human Resource Development through training and
recruitment of a work force that is culturally diverse and
have new ideas. Knowledge and background in system ecology
must be stressed in training and recruitment.

- Outreach activities to increase internal and external
cooperation and coordination through education and direct
participation.

- New Science centered around soil ecological systems. We
need to go way beyond the relatively well known physical and
chemical aspects of the soil and increase our capability in
understanding the biological systems of soils.
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The bottom line, as I see it, is that soil resource
management will be even more critical with ecosystem
management. Soil surveys will become true ecological
inventories. The soil scientists will work in
interdisciplinary teams oriented towards total ecosystems.
We will conduct our work in a much more structured and
business-like manner to help assure our success. And, the
work environment will be more collaborative, modern and
automated.
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The Forest Service is pleased to participate in this
conference. Our agency has a long history of involvement to
the National Cooperative Soil Survey and looks forward to
maintain this involvement. The Forest Service is very
active in promoting the concept and principles of Ecosystem
Management. Therefore, the theme is most appropriate and
timely. Some of the activities that we, as an agency, are
currently involved in that relate to ecosystem management
include the development of the National Hierarchical
Framework for Ecological Units, continued advancement in the
design of a database structure for pedon and site
information and supporting environmental research with
emphasis on forest and rangeland ecosystems as related to
soil quality.

The National Hierarchical Framework of Ecological Units is a
product that assigned by the ECOMAP steering committee at
the Washington Office. It's development had the involvement
of many soil scientists within the National Forest Systems,
Forest Service Research and other Federal Agencies. The
purpose of the framework is to organize a multiscale
approach to the classification and mapping of terrestrial
ecosystems. This framework will be presented later in the
conference. The Forest Service will utilize this framework
for analysis, planning and research when considering
multiple factors in assessing ecosystem composition,
structure and function along with the frequency, magnitude
and extent of ecosystem processes.

The Forest Service has developed a database to store and
retrieve pedon and site information. SORIS (Soil Resource
Information System) is an Oracle application in a relational
format. It is currently being reviewed by our Regional Soil
Scientists. The design of its structure, and data elements
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and definitions are believed to be compatible with other
agencies efforts in database development. It is designed to
have portable features to ensure data transfer and exchange.

Concurrently, with the development of SORIS, there is an
ongoing effort to develop system-generated applications to
provide analysis and interpretations. This effort involves
the design and testing of models that process site or pedon
data. As this effort continues to evolve, additional
applications will be recognized and added.

The soils program of the National Forest Systems in
cooperation with Forest Service Research are continuing the
National Long-Term Soil Productivity Study. While primarily
focused on forest ecosystems and the types of management
activities associated with this environment, it is now being
proposed to expand this study to rangelands which would
include desert, grassland and Pinyon-Juniper woodland
ecosystems. Specific attention would focus upon the types
and effects of cultural activities and management practices
that include recreation, grazing and fuel wood harvesting.
These ecosystems occupy large areas of the landscape and are
significant with respect to production of products and
contain inherent values to local communities.

In closing, the Forest Service is advancing rapidly in
gaining knowledge, organizing our knowledge and distributing
our understanding about ecosystems and their management.
Our role within the National Cooperative Soil Survey will
continue to share information and contribute to the
advancement of soil science.
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WESTERN REGION EXPERIMENT STATION REPORT AT NATIONAL COOPERATIVE
SOIL SURVEY CONFERENCE, BURLINGTON, VT.
(This Report Compiled by E.F. Kelly)

A brief summary of the Soil Survey activities in the western
region was presented. This summary was compiled from responses to
a questionnaire submitted to each of the Agriculture experiment
station cooperators. Reports by individual states follow the
questionnaire summary.

1. Principle research activities at present:

Much of the focus of the applied research in the western
region relates to the environmental aspects and application of
soils information to water resources. Major areas of research
within the region include: 1) Wet soils research, 2) Water
quality of runoff from agricultural land, 3) Soil vulnerability
to ground water contamination, 4) Erosion control, and 5) Grazing
impacts on soils and the environment.

Basic Pedology research in the region related to the use of
soils in Climate Change and Global Change Research. Specific
projects include: 1) Changes in Soil Chemistry induced by
different plant communities, 2) Loess stratigraphy and landscape
evolution, 3) Geochemical mass balance, 4) Host of mineralogical
investigations, 5) Global Change, 6) Soils & Paleoclimate, 7)
Soil Response to changing C02, 8) Soil Climate studies, 9) Land
use Changes on soil biogeochemistry.

2. Principle sources of funding for your research:

Experiment station cooperators are under a considerable
amount of pressure to generate research dollars due to
reductions in Hatch Formula funds. Many cooperators receive
minimal support from the university to be directly involved in
NCSS activities other than travel to and from regional workshops.
The majority of money received comes from contracts and grants
with subject areas and funding sources aligned as follows:

Water Quality Global Change Other

scs DOE EGG TNC
EPA NASA Dept of Defense
DEQ NSF
Dept of AG
Water resources
USDA
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3. Number of graduate students:

Based on responses graduate students in the region were
listed as follows: MS = 19, PhD = 12. It would be interesting to
see how other regions compared. Funding constraints again seem to
limit the number of graduate students in individual programs.

4. Principle teaching Activities:

A re-orientation of the pedology positions outside of
traditional agricultural applications requires the experiment
station cooperators to develope and teach courses outside of the
traditional soil genesis, classification and survey and related
courses.

Traditional Courses

Introductory soils
Soil Morphology and Survey
Soil Genesis and Classification
Mineralogy
Soil Judging

New courses (Non-Traditional)

Biology of the Soil Environment
Agroecology
Environmental Applications of Soil Science

Environmental soil science
Wetland Science
Soil Ecology

5. What changes have you made in your curriculum or courses in
recent years that you feel meet the changing needs of the soil
science community ?

Many of the Universities are now designing curriculum which
addresses issues outside of the agricultural applications of
soils. Many cooperators indicated that emphasis is now being
placed on issues 6uCh as Global change, environmental application
of soils information and ecological applications of soil science.



6. Involvement in Soil Survey activities:

Many of the cooperators indicated limited involvement in
field soil survey
constraints and

activities (Field thR,;iews) due tFratiye
budget limitations influence

Cooperation in soil survey activities is now directed toward
areas that require little travel away from the university and
where university facilities and expertise can be utilized. These
activities include: 1) Education sessions, 2) Training Sessions,
3) Workshops, 4) Consultation on issues and Policy, 5) work
planning conferences, 6) conduct lab analyses for survey, 7)
Respond to information requests

7. What limits the extent of your involvement in NCSS:

Major limitations in NCSS activities as noted by respondents
were 1) Drastic cuts in Ag Experiment station budgets, 2) No time
for field reviews or manuscript review, 3) Little credit given
for service activities (This is how the NCSS activities are
perceived by higher administration), 4) heavy emphasis on
external funding (now salaries are being included), 5) Publish or
perish, 6) lack of active surveys nearby

8. Other general comments:

Many University cooperators indicated that budget cuts have
left little time to participate in NCSS activities. Most
Universities are now at a critical mass in terms of personnel
involved in NCSS and related activities. Under ideal
circumstances some cooperators noted that each university could
use another pedologist for service activities. At many
universities extension and research positions are being cut as
retirements occur. Clearly our involvement will be based on
creative ways to conduct basic pedology research, this will be
the direction of NCSS experiment station cooperators in years to
come. Many cooperators believe that increased cooperation with
NCSS could help strengthen develop new directions in soils
research.

Most cooperators agreed that the time is right for a re-
thinking of how the NCSS can become a highly publicized and
successful government program.



Dr. David Hendricks

Research projects are as follows: 1) concerned with comparing the
nature of soils on forested northern slopes with grass covered
southern slopes of Green's Peak, a high elevation cinder cone, 2)
A study is of the Andisols and related soils of the San Francisco
Volcanic Field near Flagstaff, 3) A study of soils along a
climosequence on the island of Hawaii in cooperation with the Jet
Propulsion Laboratory, CSU, the SCS and others, 4) Research
concerning the geomorphology, and genesis of soils formed on a
sequence of marine terraces near the Mendocino triple junction.

Served as co-chair for the Western Regional Soil Survey
Conference and led the field trip for the conference held in
Flagstaff in 1992. Occasionally participate in field reviews.

Teaching responsibilities included: Soil Chemistry, Soil and
Environmental Chemical Analysis, and Soil Genesis.

CALIFORNIA fU.C. Berkelevl

Dr. Ronald Amundson

Research activities center on the following: 1) use of Stable C
and 0 isotope research on soil and plant carbona  es and their
relationship to climate, 2) Processes controlling 54 C in soils,
3) Use of paleosols in environmental reconstruction. In terms of
direct soil survey activities I have served as an Informal
collaborator on genesis of soils as related to Fresno County soil
survey.

Teaching Responsibilities included: Soil Genesis (lectures and
field trips), Summer field course, Graduate Seminar. Actively
involved in training of graduate students in Isotope geochemical
analyses of soil organic matter, minerals and plants.

CALIFORNIA IV C.. Riversidel

Dr. Robert Graham

Research activities are as follows: 1) Weathered granitic rock:
hydraulic properties, plant utilization, genesis, geomorphic
distribution, and pedologic processes, 2) Decade-scale genesis in
a biosequence of native plants at the San Dimas Experimental
Forest lysimeter installation, 3) Climatic gradient (457-2795 mm
MAP) of mesic serpentinitic soils in the Klamath Mountains,
California, 4) Use of near- and mid-IR for mineral identification
across a plutonic contact in Baja California, 5) Pedologic and
geomorphic processes on a marine terrace sequence in central
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coast California. NCSS activity limited by the lack of active
soil surveys in area.
Teaching responsibilities included: Soils of Southern California
(each year), Soil Mineralogy (odd-numbered years), Soil
Mineralogy Lab (odd-numbered years), Pedology (even-numbered
years).

Department also created a viable soil science option in our
environmental science undergraduate program and established an
introductory soil science course with a choice of two labs, one
of which emphasizes soil survey reports and land-use planning;
the other emphasizes the fundamental subdisciplines of soil
science. A new course titled, OIBiology of the Soil Environment"
has been added. It emphasizes biogeochemical cycling,
bioremediation, and other soil-plant-microbe relations not
targeted by traditional soils courses.

COLORADO

Dr. Eugene Kelly

Research Activities Centered on the following: 1) the use of
stable C and 0 isotopes in soils research, 2) Holocene Paleosols
of the central Great Plains and their use as proxies for
paleoclimate, 3) Paleoclimate of the Pacific NW (with WSU-
Busacca), 4) Organic matter dynamics in Great Plains and tropical
environments, 5) Climosequence on the Island of Hawaii (develop
isotopic characterization of silicate clays w/JPL, UA, CASE
WESTERN RESERVE, SCS), 6) Isotopic composition of soil water
(JPL-Chadwick) an its utility in modeling the hydrologic regime
of arid and semi-arid ecosystems.

Soils survey activities are now limited to the publication of
8@Soil Survey of CPER", workshops, work planning conferences, and
conducting analyses for NCSS of Colorado. There may be an
opportunity to provide some basic pedological research and
technical support for the Soil Survey of Rocky Mountain national
Park. Past Chairman of WRCC-93, Currently serving on Technical
Advisory Committee to NSSC.

Teaching Activities included: Soil Genesis and Survey (fall),
Forest and Rangeland Soils (fall), Advanced Soil Genesis (w/Univ
of WY class is taught spring), Wetland Science (team taught by
hydrologist, ecologist, pedologist), Environmental Soil Science
(team taught), Soil Judging. Most courses now focus on the
environmental applications of soil science.

Department has decided to change name from Agronomy to Dept of
Soil and Crop Science. Department now offers an under graduate
concentration "Environmental Soil Science".
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HAWAIl

Dr. H. Ikawa

Research Activities included: 1) Determine tree performance
(native koa, loblolly and Caribbean pines) in a three-elevational
transect on island of Maui, 2) evaluate tree performance (native
koa) as related to chemical and biological properties of
Andisols, Oxisols, and Ultisols on the islands of Hawaii and
Oahu. Participate in the soil survey of the island of Hawaii
being conducted by the SCS--field review, sample collection for
selected laboratory characterization (15 & I/3 bar water,
mineralogy). Update the classification of Andisols, Oxisols, and
Ultisols of Hawaii.
Hawaii State Governor's Agricultural Coordinating Committee,
HcIntire-Stennis funds, Hatch funds, State funds, U.S. Forest
Service, U.S. Fish and Wildlife Service

Teaching Responsibilities: Introductory soil science (4 cr.);
soil formation and classification (4 cr.) Teaching now has more
emphasis on environmental awareness

LQ?i!iQ

Dr. Paul McDaniel

Research Activities include the following: 1) Influence of eolian
parent materials on genesis, classification, and properties of
Idaho soils, 2) Epiaquic conditions in fragipan-dominated
landscapes, 3) Genesis of E horizons in ash-influenced forest
soils, 4) Changes in soil chemistry induced by successional plant
communities in the Grand Fir Mosaic Ecosystem (We are studying
the effects o bracken fern/coneflower communities on soil pH and
potential Al+S toxicity in clearcut areas of central and northern
Idaho), 5) Aggradational and erosional history of the Radioactive
Waste Management Complex, Idaho National Engineering Laboratory.
Attend a limited number of field reviews and work-planning
conferences and have helped with organization of recent NCSS-
related field trips. University laboratory has also provided a
few analyses and chemicals to assist some of the active surveys.
I do not actively participate in review of materials such as soil
survey manuscript, proposals for new series, and other technical
documents, although these materials are circulated to me for
comment. New Chairman WRCC-93.

Teaching Responsibilities include: Soil Judging, Soil Development
and classification, Advanced Soil Genesis, Soil Mineralogy (team-
taught).

Recently changed our curriculum to offer 3 options under the Soil
Science B.S. degree: 1) Agroecosystem Management, 2)
Environmental Science, 3) Land Resources. We currently offer a
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soils course entitled 'Pesticides in the Environment' and will
soon offer one entitled 'Solute Transport in Porous Media'.

NEW MEXICO

Dr. Curtis Monger

Research Activities focus on Soil-geomorphic response to climate
change in the now arid regions of the Southwest. Act as the
Liaison to New Mexico National Cooperative Soil Survey.

Teaching responsibilities include: Soil Morphology and
Classification, Soils-Land Use, and the Environment, Soil
Genesis,
Introductory Soils

We have modified the Soils and Land Use course to emphasize the
environmental aspects of soil science

OREGON

Dr. Herb Huddleston

Research activities: 1) Wet Soils Research (we're one of the
national sites for monitoring of water tables), 2) Ponded Hydric
Soils Research (determine the distribution of ponded areas in
farm fields and their correlation with geomorphic surfaces and
hydric soils), 3) Evaluation of Soil Vulnerability to Groundwater
Contamination by Pesticides, 4) Environmental Applications of
STATSGO Maps and Databases - we're using STATSGO, in conjunction
with a comprehensive database on pesticide uses on crops in
Oregon, to prepare generalized maps of the distribution of uses
of specific chemicals. We're also using STATSGO to prepare maps
of hydric soils in Oregon, maps of soil-pesticide vulnerability
ratings, and perhaps to show the distribution of ponded soils, 5)
Water Quality of Runoff from agricultural land.

Soil Survey Activities include an occasional field review,
providing Leadership for education session for introducing new
soil survey reports, Participation in SCS soil scientist training
sessions and workshops, Communication and consultation with State
office staff on issues and policies, Participation in annual work
planning conferences.

Teaching Responsibilities Include: Soil Morphology and survey,
Soil genesis and classification, Environmental Applications of
Soil Science, Soil Judging workshops, Each year we prepare
students for competition in the regional contest in the fall,
then use the winter term to prepare for national competition,
which then occurs in the spring term. This year Oregon State
hosted the national soil judging contest.



We have made an attempt to integrate our teaching of soil
physics, soil chemistry, and soil biology, into a 3-term
sequence: Properties of Soil Ecosystems (Fall term), Soil
Ecosystem Processes (Winter term), and Soil Ecosystem Modeling
(Spring term).

Dr. Janis Boettinger

Research Activities include: 1) soil genesis and soil
chronofunctions related to Pleistocene glacial chronology of the
north slope of the Uinta Mountains, 2) Mechanisms controlling
concentrated flow erosion in gypsiferous soils: A pedologic
approach (collaboration with L.D. Norton, USDA-ARS), 3) Soil
characteristics and relation to on-site and remotely sensed soil
moisture, vegetation type and cover, and evapotranspiration in a
typical Great Basin valley,

soils
kyverside) 5 )

4) Zeolite occurrenceU;;t stability
(collaboration with R.C. Graham, . Calif.,

Ammonium absorption characteristics of
clinoptiloiite  (zeolite) from northern Utah (collaboration wit:
L. M. Dudley, P.T. Kolesar, UN).

Hosted the 1992 FY Utah Cooperative Soil Survey Planning
Conference and Field Trip, St. George, UT,. Involved National
Cooperative Soil Survey personnel and objectives in my research
program. Also respond to information requests, try to find
students for temporary jobs and student coops, etc. WRCC-93
representative to the NCSS Standards Committee.

Teaching responsibilities include: Soil identification and
interpretation (name change soon to be in effect: Soil Genesis,
Morphology and Classification), General Soils, Pedology.

Developing a new undergraduate curriculum in soil and water
sciences. The new major, called "Environmental Soil-Water
Science" is designed to replace part of the old "Plant and Soil
Sciences" major. This major is designed to give students a
strong background in basic sciences and math; an understanding of
the physical, chemical and biological processes and interactions
in the soil-water zone at the earth's surface; and a choice of
specializing in soil, water, or an integration of soil and water.

WASHINGTON

Dr. Alan Busacca

Research Activities Include: 1) Stratigraphy and interpretation
of pale06016  in loess, 2) dust entrainment and human health 3)
soil-landscape survey
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Minimal involvement in NCSS activities. Provided some soil
geomorphology assistance and NSSL lab sampling; state generalized
soil map

Teaching Responsibilities Include: Soil genesis and morphology
(undergrad and grad), World agricultural systems. Our Department
added an option in l'Environmental  Soil Science" to the B.S. in
soils.

NOMING

Dr. Larry Munn

Research Activities include: 1) Influence of soil properties on
forest productivity, 2) Vulnerability of groundwater to pollution
from nitrate and pesticides, 3) Use of RUSLE to estimate erosion.

Soil Survey activities involved coordination the distribution of
STATTSGO to GIS users at UW.

Teaching Responsibilities Include: Introductory Soils (Spring
semester), Soil Morphology, Genesis and Classification (Fall
semester), Advanced Soil Genesis and Classification (Spring,
alternate years), Agroecology (Introductory) (Spring, team
taught)

Dropped our undergraduate soil science major. We dropped
undergraduate degrees in Soils, Crops and Entomology and replaced
them with a degree in Agroecology. We have recently added courses
in Soils in Environmental Quality and Chemistry of Reclamation
Materials and Soils. We have hired a Soil Physicist starting in
August 1993 to emphasize soil water. We still offer a program
whereby a student can qualify as a Soil Scientist on the federal
register.
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MIDWESTERN REGION AGRICULTURAL EXPERIMENT STATIONS

REPORT

Dr. Pierre C. Robert, University of Minnesota

I. SOIL SURVEY PROGRAM STATUS. JUNE 1994.

Current status of state soil surveys compiled from NCR-3 reports:

II. SOIL SURVEY DIGITIZATION STATUS

IL.

IN.

IA.

l Three out of 102 counties are digitized
l One Survey was digitized by the IL Geo. Survey and another one by
Lake County. Both used hand digitizing, rubber sheeting, and DLG-3 file
format.
l The third survey was digitized by the county by re-compiling 1:12,000
maps on ortho l/4 quads, scanning, and storing in DLG3 format.
l SCS use the same procedure for 8 watersheds (about 100,000 ac.)

l No coordinated system
l Counties or parts of counties are digitized by various agencies and
various systems.

l Most counties by July 1994.
l Georeferenced soil maps by sections (USGS coordinates)
l ISOIL software or export to GIS
l Internet project



KS. l Statewide project W/ Agronomy, Geography, and SCS
l Completion by 1995
l Recompilation on USGS 7.5 quads, scan digitization
l SCS soil scientist for quality control
l Archival by Kansas Geological Survey

MI. l Nine soil surveys digitized
l Recompilation of 6 additional soil surveys
l Contracts W/ MI Dep. Natural Resources
l Nineteen digitized but need some editing to meet mapping standards

MN l Forty two surveys (Ag counties) are digitized in SSIS raster format
l Capability to georeference and use standard GIS formats

NE. l Recompilation on 7.5 quads of 2 nd generation surveys
l Digitization by NE Natural Resources Commission
l Updated survey (3 rd generation) at 1:12,0000  scale on ortho base
digitize by Conservation & Survey Division.

ND. l SCS digitizing center in Fargo has completed digitizing two county soil
surveys

OH. l Forty eight surveys are digitized in OCAP raster format
l Digitization by the OH Capability Analysis Program (OCAP) of OH
Dep. Natural Resources

SD. l Currently, there are 7 digitized county surveys available.
l Six additional county surveys are in process of editing
l Two surveys are in process of digitization and 3 are being recompiled
l Files are exported from GRASS to DLG3 format. Survey fomat is 7.5
min quads in UTM

III. RESEARCH ACTIVITIES RELATED TO SOIL SURVEY

Illinois. Ken Olson

l Soil productivity-erosion relationship.
l Evaluation of conservation tillage  systems for the restoration of
productivity of previously eroded soils.
l Crop yield prediction by soil.
l Quantification of erosion and sedimentation rates.
l New (about 230) and revised soil productivity indexes.



Indiana. Donald Franzmeier

l Monitoring water table depth, reduction, and water movement in
several toposequences. This is part of the SCS global change initiative.
l Compaction and cementation in C horizons of soils formed in glacial till.
l Soil formation in barrens (prairie remnants) within hardwood forest
areas.
l Detection and quantification of the amount of residue cover on fields
using remote sensing (AVIRIS) data.
l Geomorphology of the Flatwoods area of southern Indiana.

Iowa. Tom Fenton

l Erosion-productivity project including soil quality.
l Use of electrical conductivity in soil survey.
l Cooperative project with SC’S on stratigraphic relationships under loess-
covered benches in Lucas County.
l Cooperative project with SCS on soils of the Savan Terraces.
l Landscape evolution of the Des Moines Lobe.
l Hydric soil characteristics in Iolva.
l Cooperative project with SCS on water table of selected soils.

Kansas. Michael Ransom

l Clay translocation and carbonate accumulation in the 16-26 inch rainfall
zone of western Kansas.
l Distribution and properties of clay minerals in Kansas soils with
emphasis on application to soil fertility.
* Soil genesis and geomorphology on the Konza Prairie (LTER ), Soil
mapping at a scale of 1:2,000,  study of genesis for a 125 ha watershed, and
accumulation of carbonates, gypsum, and Na in polygenetic soils,
l Parent material stratigraphy and genesis of soils developed in eolian
materials in the Southern High Plains.
l Cooperative project with SCS on the hydrology and genesis of soils in
playas in southwestern Kansas.

Michigan. Del Mokma

l Impact of accelerated erosion on soil properties and productivity.
l Soil absorption of septic tank effluent and sand filter effluent.
l Impact of cultivation on spodic horizon properties.

Minnesota. Pierre Robert

l Landscape evolution in southeastern Minnesota (E. Nater)
l Wet soil monitoring 0. Bell)



l Soil-terrain modeling (J. Bell)
l Relationship of turf quality to management practices (T. Cooper)
l Describing soil and crop variability on a sand-plain landscape with
surface-collected data (J. Anderson)
l Method for the prediction and quantification of soil property variability
using GIS technologies (I’. Robert)
l Forest productivity index (D. Grigal)
l Soil productivity modeling of agricultural land (I’. Robert)
l Soil7 GIS (I’. Robert)
l Precision farming (I’. Robert).

Nebraska. Mark Kuzila

Ohio

l Comparison of sampling methods to determine map unit composition.
l Relationship of spectral reflectance to turbidity generated by the erosion
of common soil types.
l Carbon tetrachloride retention by modern and buried A horizons.
l Determination of the impact of landuse on soil organic matter in the
Sand Hills of Nebraska.
l Morphological and chemical changes in Moody and Hastings soils after
30-35 years of cultivation.
l Utilization of the soil survey database to predict pesticide mobility.
l Use of video camera to determine in situ soil color.

Neil Smeck

l Permeability and water movement in sediments, dominantly colluvium,
on a forested slope in southeastern Ohio In situ permeabilities were
measured using an amozemeter.
l Examination of the properties of colluvial  deposits in eastern and
southeastern Ohio.
l Study of fractures in glacial till deposits with particular interest in the
hydrology of till around land fill sites in northern Ohio.
l Comparison between properties of silt deposits on the upland and lower
landscape positions along an abandoned valley in central Ohio.

North Dakota. Dave Hopkins

l Water movement in landscapes, wetland hydrology, and geochemistry
l Wet soil indicators and their reliability in terms of identifying hydric
soils
l Organic matter/aggregate stability study of western ND agricultural
soils.

51
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South Dakota. Doug Ma10

l Technology transfer of applied/basic soils information for the
agriculture and environment of South Dakota:

l C sequestration in SD soils using lab data of the past 50 years;
l Data base of all soil series (lab and morphology data);
l Resampling of sites (1920 & 1937) for impact of cultivation and the
environment on C, N, P, Ph, etc.;
l Evaluation of various computer models used to define and
manage sensitive aquifer areas;
l Revise bulletins on soil classification, soil productivity, etc.

l In cooperation with SCS, testing of hydric soil indicators, gathering of
basic soil data, and soil productivity ratings for several MLRAs.
l Spatial distribution of soil selenium in south-central SD. (J. Doohttle)
l Erosion impacts on soil productivity and soil properties (T. Schumacher)
l Hydric soil identification and characterization in prairie potholes (D.
Rickerl)
l Site-specific farming (G. Carlson)
l Differences in herbicide adsorption/desorption  rates on different soil
series (S. Clay)
l Influence of soil parent materials on fertilizer and other chemical
movement (D. Clay).
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ABSTRACT

McDonald. E.V. and Busacca.  A.J.. 1990. Jnteracrion  beween  aggradinggcomorphic  surfaces and the formation  ofa Late
Pleistocene paleorol  in the Palouse loess of eastern Washinglon  stale. In: P.L.K. Knuepfer  and L.D. McFadden I Edi-
tors r. Soils and Landscape Evolution. Geomorphology,  3: 449470.

Variable rates of loess deposition contributed to dramatic regional variation in a soil-stratigraphic un11. the Warhtucna
Soil. in the Palourc loess deposits in the Channeled Scabland  of eastern Washington stale. Throughout most of the  Chan-
neled Scabland.  the morphology of the Washmctta  Soil is that of a single buried soil, but it bifurcates into two wclldcvcl-
aped and pedologically  dislinct burted  soils in areas tmmediately  domwtnd  of the maJor  source of loesr~al  sedtmcm.
Rcyonal  loess stntigraphy confirms that the two welldeveloped  soils formed during the same interval of time during
which only one soil formed in areas that are distal to loass  source areas. The variable and perhaps rapid rates of soit
formation suggested by the stntigraphy resulted from an interaction between variable rates of hoers deposttion  and the
formation of superimposed cakic soils. Pc1rocalcic  horizons uith weak Stage  IV morphology formed as the zone  of car-
bonate accumulation moved up inlo former A and cambic  horizons that had been profusely burrowed by cicadas. The
development of cicada burrows in one phase of soil development tha1 were subsequenrly  engulfed by pedogenic  carbonale
under a rising land surface seems to have yearly auclcmted  the development of the petrocalcic  hortzons.  Accelerated raw
of formation of the petrocalcic horizons occurred when extrinsic (pulses of loess deposition J sod iatnnsic (engulfmen  Of

burrowed horizons)  thresholds were ercaeded.  Strattgrapbic  cvideoce suggests that the roll  formation tha1  accompamed
the nse in 1hc land surface due 10 additional hoers  deposition may have occurred during the late Wisconsin glaciation when
yam gJacial  outburst Boods in the channeled Scabland triggered a new cycle of loeu depositton.

Introduction

Soil formation on an aggrading surface is a
competition between pcdologic and sedimen-
tologic processes, a competition that can lead
to very complex soils and soil-stratigraphic re-
lationships. Complexity results from the
compression or dilution of soil profile features
with variations in aggradation  rate and from
the sometimes extreme overlap of features
from different episodes of soil development.
Although the complexity can be great, we have

found in the loess of the Palouse and Chan-
neled Scablands of eastern Washington that the
opportunities for insights into soil and geo-
morphic processes can be equally great. This

paper  d i scusses  the reg iona l  re la t ionsh ips  of a
key late Quaternary  so i l - s tra t igraphic  un i t .  now

a buried soil, through the relationship between
the physical, chemical, and morphological
properties of this buried soil to its paleoland-
scape  position and to its location within the re-
gional distribution system of loessial  sedi-
ment. A key buried soil in our late Quaternary
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fluence subsequent episodes of soil develop- I
ment. Differences in the degree of geologic and
pedologic overlap can cause large spatial vat-i- ’

ation in morphologic propenies of soils across I
landscapes. Knowledge of the spatial variation
resulting from differential sediment influx is
crucial in estimating the duration of soil for- I

mation on landscapes and in avoiding miscor-
relation of soil units among exposures or geo-
morphic surfaces. Regional stratigraphic

I

correlations can be especially difftcult to make
when a superimposed soil separates laterally I
into two or more soil profiles (e.g., compound
or multi-story soils of Morrison, 1967). The
multitude of stratigraphic relationships and I
different soil-profile morphologies created by
differing degrees of pedogenic overlap, never-
theless, can provide useful knowledge about the I
interaction between soil formation and
geomorphology.

In this paper we examine the impact of vari- I
able rates of influx of eolian sediment (loess)
on the formation and the landscape and re- I
gional variation in properties of a buried soil.
The buried soil is the Washtucna Soil (Mc-
Donald and Busacca, 1990), an important re- I
gional soil-stratigraphic unit in the Palouse
loess of the Channeled Scabland and Palouse
regions of Washington state. The Washtucna I
Soil and the loess in which it has formed are
bracketed stratigraphically by two distinct lay-
ers of volcanic ash that provide age control and I

an independent means of stratigraphic corre-
lation across the study area.

The morphology of the Washtucna Soil in
I

most places in the Channeled Scabland  is that
of a single buried soil; however, in some placesI
it bifurcates, that is, it divides into two pedo-
logically distinct buried soils. Other occur-
rences of superimposed soils that change lat- I
erally into subdivided soils have been described
where each soil represents a stratigraphically
different or discrete time of soil formation that I
is superimposed upon a generally older, pre-
existing soil. Stratigraphic relationships be-
tween the Washtucna Soil and the bracketing

I

loess sections. the Washtucna Soil. actually di-
vides into two well-developed buried soils very
near the loess source. The regional strati-
graphic relationships of this soil suggest some
surprising insights into rates and processes of
soil development and implications for soil
stratigraphy and landscape evolution.

Depending on ( 1) whether an aggrading
loessial landsurface rises at a constant or vari-
able rate, (2) what the rate of rise is relative to
competing rates of soil formation, (3) whether
aggradation comes as a series of pulses sepa-
rated by stillstands of deposition, and (4)
whether erosional events also occur, the whole
suite of surface and subsurface soil-forming
processes move up through the sediment like a
rising elevator in a building. As a result, the
marks of pedogenesis can be weakly to strongly
impressed on the sediment, and the potential
exists for slight to severe overlap of different
periods of pedogenesis in the same sediment.

Bowman et al. ( 1986) have stated that in this
situation there is no fixed parent material: A
horizons upon first burial become B horizons;
these new B horizons begin to accumulate il-
luvial material eluviated from the new layer,
and as more layers are deposited on the sur-
face, these B horizons are eventually removed
from the active zone of soil-forming processes
and are preserved in the stratigraphic record.
As a result, it is the now-buried soil that forms
the “parent material” for subsequent soil de-
velopment. Many terms have been proposed
for soils that overlap vertically in such a way
that at least part of the profile has been af-
fected by two or more episodes of soil devel-
opment: compound soils (Morrison, 1967),
polymorphic soils (Simonson, 1978 ), com-
plex soils ( Bos and Sevink, 1975 1, welded soils
(Ruhe and Olson, 1980), and superimposed
soils (Busaccaet al., 1985; Busacca, 1989).

Superimposed soil profiles have important
consequences in studies of soil genesis because
the morphological properties of the former soil,
such as texture, pedologic and biologic struc-
tures, and chemical properties, can greatly in-
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tephras. however, indicate that at least two
distinct buried soils formed at some sites within
the same interval of time in which only one soil
profile was formed throughout most of the
Scabland and Palouse. In addition, the degree
of soil development of each of the two buried
Washtucna Soils is about the same as that of
the single Washtucna Soil profile, suggesting
that rates of soil formation were accelerated at
the dual-soil site relative to the single Wash-
tucna Soil site. In this paper, we propose a sim-
ple model for the interaction between loess de-
position and the formation of superimposed
calcic soils and discuss the effect of this inter-
action on soil stratigraphy and rates of soil
formation.

The Palouse  ioess

Loess in the Channeled Scabland  and on the
eastern Columbia Plateau beyond the margin
of the Channeled Scabland is known infor-
mally as the Palouse  loess (Fig. I). The Pal-
ouse loess, which covers more than 10,000 km2
and in places is up to 75 m thick (Ringe, 1970),
forms the deepest and most continuous loess
deposit in the northwestern U.S.A. In the west-
em and drier parts of its occurrence where
present-day mean annual precipitation is less
than about 450 mm, the deposit contains doz-
ens of buried soils, sheets of unaltered loess,
and numerous volcanic ash layers in vertical
sequence (Busacca,  1990). Buried soils con-
sist of cambic horizons and horizons of pedo-
genie accumulations of calcium and magne-
sium carbonates (hereafter referred to as
carbonates) and silica. Paleomagnetic mea-
surements indicate that the geologic record in
the loess spans at least the last I million years
(Packer, 1979; Kukla  and Opdyke, 1980;
Foley, 1982). Recent research has demon-
strated that the loess adjacent to Scabland
Coulees contains a record of multiple episodes

_ of giant glacial-outburst floods that coursed
through the Channeled Scabland  during Pleis-
tocene glacial maxima (McDonald and Bus-

acca.  1988). Repeating stratigraphic se-
quences within the loess consist of flood-cut
unconfomtities.  loess layers, and buried soils:
these sequences suggest that episodes of Scab-
land flooding triggered some periods of loess
deposition, which were followed by periods of
soil formation (McDonald, 1987; McDonald
and Busacca, 1988; Busacca, 1990). A thick
Cordilleran  Ice Sheet extending into southern
Canada or the northern U.S. is required to
generate these large-scale floods, so the strati-
graphic record in the loess may be one of the
best terrestrial proxy records of glacialcli-
matic cycles in North America.

The primary minerals in the loess are quartz,
feldspars,  and micas (Rieger, 1952; McCreery,
1954). The initial source of carbonate in the
buried soils is considered to be principally de-
trital.  derived from eolian redistribution of
weakly calcareous slackwater sediments that
accumulated in basins and valleys to the
southwest of the Palouse  and Scabland during
episodes of glacial-outburst flooding (Fig. 1).
Detrital  carbonate in unaltered loess ranges
from 2 to 5 percent (0.03-O. 10 g/cm’). Lack
of measurable carbonate in the upper part of
most surface soils indicates that the dettital
carbonate has been leached and reprecipitated
in the subsoil horizons.

The study areu

The four road-cut exposures described here
are located in loess deposits in the southcentral
part of the Channeled Scabland (Fig. 1). The
road-cuts are oriented normal to the long axes
of hills of loess.

The present-day climate is semi-arid due to
the rain shadow of the Cascade Mountains that
lie to the west of the Channeled Scabland. Be-
cause of the semi-arid climate and sagebntsh-
steppe vegetation, most of the surface soils that
have formed in loess in the area that we discuss
are Mollisols (Soil Survey Staff, 1975 1. Aridi-
sols occur in areas of the Scabland that receive
less than 225 mm of mean annual precipitation.
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Stratigraphic descriptions were made from
hand-dug trenches in road-cuts. Buried soils
and loess layers were described and sampled
using standard methods for soils (Soil Survey
Staff, 198 I 1.

The Washtucna soil-stratigraphic unit

The Washtucna Soil is a well-developed soil
that contains a weakly to strongly cemented
perrocalcic horizon (Fig. 2, Table 1 ). The pe-
trocalcic horizon, which is continuously ce-
mented and has a thin laminar cap, has the
general character of weak Stage IV morphol-

WA-5

-4,

ogy (Gile et al., I966 1; however. the petrocal-
tic horizon lacks strong K fabric. The Wash-
tucna Soil throughout the Channeled Scabland
is stratigraphically bracketed by two distinct
volcanic ash layers erupted from Mount St.
Helens (Fig. 2, MSH). Correlations between
the tephras and the reference samples from the
volcano are based on analysis of major ele-
ments in volcanic glass and in ilmenite and
magnetite phenocrysts. and on phenocryst
mineralogy (Foley, 1982; Nelstead. 1988 ). The
soil is underlain by the MSH set C tephra (Fig.
2). which has been radiocarbon dated at the
volcano at approximately 36.000 yr B.P.

Fig. 2. Schematic stratigmphic  column for the WA-S site showing representative soii  morphology, carbonate. sod panicle-
size distribution (carbonate free). Tehptas shown are Mount St. Helens set S (MSHS)  and set C (KSH C). Numberr
following the “b” in the horizon symbols designate the vcniul position within the sequence of buried soils. Brackets show
stratigraphic  interval  of buried soil-stratigraphic units: Sand Hills Coulee Soil (SK), Warhtucna Soil ( W), and the Old
Maid Coulee Soil (OhfC). (From McDonald and Busacca.  1990.)
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T.\BLE I

Selected morphology of the Washrucna  Soil(s)
I ’

Site Depth Nor&on’ Dry color S t r u c t u r e ’  DCb CYP Carbonate Total mass*
(cm) (VOl%) morphology’ carbonate

(g/cm:) m
WA-5

C O N - I

CLY-2

CLY-1

210-259 Bwkb2
259-295 Bkqmb2

IOYR 6/3 Icpr: lcsbk
lOYRl/2  m
1OYR 613’
IOYR 712 2csbk
lOYRll2  m

sh I5 d. Isf
vh 90 d. Sco. 2ss

295-328 Bkqb2
328-377 BCh2

sh 30 d. Sco. Iss
so 2 d

2 18-284 Bwkb2 IOYR 613 Icpr: lcsbk Sb I5 d
284-322 Bkqmb2 lOYRl/3  m eh 90 d. 5~0.2~~
322-409 Bkqb2 IOYR 713 lcsbk h 50 d. 5co. Iss
409-494 BCkb2 2.5Y 712 m so 5 d. lsf

444-495 Bwklb2 lOYR6/3  m sh 5 d
495-557 BwkZb2 lOYR6/3  m sh I5 d. ?sf
557-584 Cb2 2.5Y 112 m so 0 d

584-646 Bwkb3
646-670 Bkqlb3

sh I5 d. ?co
h 85 d. 5co. iss

670-737 Bkq2b3

IOYR 6/3 I csbk
LOYR 7/? 2csbk
IOYR l/3’
IOYR 614 2csbk sh 60 d. 5co

737-787 Bkqmb4 2.5Y l/2 m ch
781-822 Bkqb4 2SY 712 m so
822-882 BCkb4 2.5Y 712 m so
882-949 Ckb4 2.5Y 712 m so

d. 5~0.2~~
d. 4~0. Iss
d. Isf
d. ISf

400-451* Bwkb2
451-492 Bwkb3
492-533 Bwkqb3
533-581 Bwkqmb3

so
so
sh
vh

d. 3sf
d. 3sf
d. 5co
d. Sco.  2ss

581-622 Bwkqb3

IOYR 6/3 ?cpr:  lcsbk
IOYR 6.3 Icpr: lcsbk
IOYR  l/3 Icpr: lcsbk
lOYR7/3  m
IOYR 6/3’
2SY 712 Zcsbk
IOYR 6/4

so d. 5co

622-l 12 Bkqmb4 2.5Y 712 m
IOYR 6/3’
IOYR 7/2 m

eh

90
50
10

0

5
IO
IO
90

55

90
5

d. 5co. 2ss

712-772 BCkb4 so d. 2sf

16.14

22.34

4.31

5.78

18.47

II.5

16.56

I
I
1
I
I
I
I
I
I
I

‘Notattons moditied from Soil Survey Staff ( 198 1). Primary structure:secondary  structure.
bDry  consistence.
‘Volume percentage of cemented cylindrical nodules.
‘Notations for carbonate morphology: (distribution) d -disseminated: sf - tilamcntous:  co - coatings on nodules: ss

1seams.  Iabundance)  I=very few (~2%);  2=few  (2-25%): 3zcommon  (?5-50%);  J-many (> 50%): 5=new
contmuous.
‘Approximation depth of MSH S tephn.
‘Color of interior of cylindrical nodules. ITotal  mass of soil carbonate (g/cm’)  = (bulk density) (% carbonate) (horizon thickness in cm). Bulk density wlue
determined from multiple horizons (n-27) ranging from petrocalcic  to unweathered. Bulk density= I .40+0.06 g/cm’.I

I
I
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SOIL  FORMATION  ON AN ADGR*DING  SURFACE

(Muhineaux.  1986). The soil is overlain by the
MSH set S tephra. which has been radiocarbon
dated at Mount St. Helens at approximately
13,OOOyr  B.P. (Mullineaux, 1986).

The Washtucna Soil and the loess layer in
which it formed represent an interval of time
before the end of the Late Wisconsin episode
of giant floods in the Channeled Scabland,
which occurred between about 17,000 and
12,000 yr B.P. (Waitt, 1985; Atwater, 1986).
but after the next older episode of Scabland
flooding. Radiocarbon ages of the MSH set C
tephra at Mount St. Helens and charcoal from
Scabland  flood deposits that yields a radiocar-
bon age of about 40,000 yr B.P., and the age of
Late Pleistocene stratigraphy in the Canadian
Prairies (Fenton, 1984) suggest that this older
episode of flooding is early or middle Wiscon-
sin in age and occurred between 75 and 40 ka
(McDonald and Busacca, 1988, 1990). Stra-
tigraphic and sedimentologic evidence suggest
that the sand- and silt-rich slackwater sedi-
ments left by this episode of older floods
formed the primary eolian source for the loess
layer in which the Washtucna Soil formed
(McDonald and Busacca, 1990).

Spatial variability of the Washtucna Soil

Washrucna

The Washtucna Soil as it is exposed in road-
cuts across much of the Channeled Scabland
has the morphology of a single buried soil. We
use the Washtucna Soil at the WA-5 site near
the town of Washtucna, Washington (Fig. 1)
to represent the properties of the single buried
soil (Fig. 2, Table 1).

The top of the Washtucna Soil at the WA-5
site is defined by the position of the MSH set
S tephra. The horizon that contains the tephra
in its upper part seems to have formed the
original A and Bw (cambic)  horizon of the
buried soil (Bwkb2, Fig. 2 ). The typical dark
coloration of the A horizon caused by the hu-
mified  organic matter is conspicuously absent
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from the Washtucna Soil and other buried soils
in the Channeled Scabland. We attribute this
to oxidation of organic matter after burial of
the soil by younger loess. Because of the ab-
sence of organic matter and because of over-
printing by later pedogenesis, former A hori-
zons throughout the ioess  now have a similar
appearance to that of cambic or calcic hori-
zons; therefore, we label former A horizons as
B horizons because that is their appearance
today.

The cambic horizon (and former A hori-
zon) of the Washtucna Soil has a slightly higher
chroma and less pedogenic carbonate than do
buried soil horizons above and below it, and
has a weak to moderate blocky structure. Pe-
dogenic carbonates are common in the cambic
horizon of the Washtucna Soil (and nearly all
buried soil cambic horizons in the Scabland)
but are not generally present in cambic hori-
zons of the presently forming surface soils;
therefore, we attribute pedogenic carbonate in
buried cambic horizons to be due largely to the
overlapping of subsequent pedogenesis. Bur-
ied cambic horizons containing pedogenic car-
bonates are designated with “k”.

The dominant feature of the Washtucna Soil
is its light-gray petrocalcic horizon (Bkqmb2.
Fig. 2, Table I ) that has weak Stage IV mor-
phology (Gile et al., 1966). The petrocalcic
horizon at the WA-5 site is weakly to strongly
cemented, is about 35 cm thick, contains 12%
carbonate (0.17 g/cm’), and has vertical and
horizontal seams of carbonate and abundant
cemented cylindrical nodules (insect bur-
rows). The nodules make up about 90% of the
horizon volume. Thin ( <2 mm) vertical
seams of carbonate define polygons that are 50
to 100 cm wide. Horizontal seams of carbon-
ate form a weakly developed laminar cap at the
top of the petrocalcic horizon.

Cylindrical nodules are a conspicuous fea-
ture of most buried soils formed in the loess.
Nodules can range from 1 to 3 cm in diameter
and are weakly to strongly cemented by pedo-
genie carbonate. Cementation of the nodules is
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also enhanced by small amounts of silica such
that the nodules do not completelv  break down
when soaked in hydrochloric acid. The nod-
ules originated as the burrows of soil fauna such
as cicadas. Burrowing apparently occurred
within the A and cambic zone of the loessial
soils early in a cycle of soil development. The
burrows have become cemented at a later time
after continued loess deposition caused the
zone of precipitation of carbonates to move
upward into the position of A and cambic
horizons.

It is important to emphasize here the almost
universal presence of cemented cicada bur-
rows within carbonate-cemented zones in pa-
leosols  formed in loess in the arid parts of east-
em Washington. Because the burrowing of the
sediment by cicadas is a near-surface process
in uncemented loess (Hugie and Passey,
1963), the precipitation of carbonates within
the butrowed zone must occur at a later time
in a deeper relative profile position after the
land surface has moved up. Most petrocrdcic
horizons in soils such as the Wasbtucna Soil
must have formed during two phases of soil
development: The first phase forms the bur-
rowed zone and the second phase cements it.
These two phases may occur somewhat simul-
taneously during times of low rates of loess de-
position as the rising landscape causes carbon-
ate to precipitate in the deepest part of the early
formed burrowed zone; the remainder of the
burrowed zone is then progressively engulfed
by the rising zone of accumulation of
carbonate.

There are two transitional horizons below the
petrocalcic  horizon of the Washtucna Soil. The
Bkqb2 (Fig. 2) has discontinuous vertical
seams of carbonate and 40% cemented cylin-
drical nodules that have nearly continuous
coatings of carbonate. The nodules are in a
matrix of soft calcareous  loess. Tire BCb2 ho-
rizon (Fig. 2) is structureless and has only a
few percent cemented nodules and tilamen-
tous carbonate in former root channels.

Cottneli
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The morphology of the Washtucna Soil at the I

CON-I site (Fig. I ) near the town of Connell.
Washington represents soil formation in
thicker loess. The loess between the MSH S and I
C tephras thickens from about 2 m at the WA-
5 site to over 7 m at sites much nearer princi-
pal source areas for the loess. which were in the I
Walla  Walla  Valley and Pasco Basin (Figs. I,
3). Because of its intermediate location be-
tween these extremes (Fig. I), loess is almost I
3 m thick between these ash markers at the
Connell site (Figs. 3b, 4). I

WA.5 I

cLr-2 . .

NW cLr-i

I
0 I

MErERS

Fig. 3. Scbemrtic cross-sectional diagrams of road-cut ex-
posures for the four study sites: WA-S. CON-I. CLY-2. I
CLY-I. Position of the Wasbtucna Soil ( W) shorn by

I
symbols for horizontal and vertical seams of carbonate
(Fig. 2). Tbc position of the Sand Hills Coulcc  and Old
Maid Coulec soil~stratigrapbic  units shorn by line and

I
stipple pattern. Position of tcpbrar MSH set S (MSHS)
and MSH set C (MSH C) shown by heavy  dashed lines.
diagonal bachucc coven parts of the WA-5 and CON- I Iexposures not considered here.

I
I



I I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CON-l

Fig. 4. Schematic sctatigraph~c  column for the CON-I sire. Symbols used arc defined in Fig. 2.

The Washtucna Soil at the CON-I site (Fig.
4) is generally similar to that at the WA-5 site,
except that corresponding horizons at the
CON-1 site are thicker than at WA-5 site be-
cause of the slightly greater loess thickness.

The combined effect of greater loess thick-
ness and landscape position on soil formation
is shown by soil-stratigraphic relationships on
the outer flanks of the CON-I exposure where
layer thickness increases from about 3 m to
more than 4 m (Fig. 3b). There, the single pe-
trocalcic horizon bifurcates into two separate
petrocalcic horizons. Each petrocalcic horizon
is 30 to 40 cm thick, separated by a Bkq hoti-
zon that is 40 to 60 cm thick and has 30 to 50%
cylindrical nodules in a soft loess matrix. It was
at sites like this that we first began to suspect
that the genesis of tbe Wasbtucna Soil could be
complex and consist of more than one period
of soil formation.

Clyde

Two road-cut exposures, CLY-I and CLY-2,
are located about 30 km south-southeast of the
Connell sites (Fig. 1), near Clyde, Washing-

ton. These two sites are very close to the sedi-
ment source and as a result, the loess at these
two sites is 5 to 7 m thick between the MSH S
and C ash markers. Both sites have a dramati-
cally different sequence of buried soils be-
tween the markers than we saw at the Wash-
tucna or Connell  sites. Because of the very great
loess thickness at sites like Clyde. we refer to
them as proximal to the loess source, and sites
like Coanell  and Washtucna as distal.

At the two Clyde sites and at many other
proximal sites that we have examined. the
Wasbtucna Soil divides into at least two well-
developed buried soils (Figs. 3c,d,  5, 6). Al-
though the two sites are only about 0.5 km
apart, they show subtle differences in features
due to their different landscape positions.

The Wasbtucna Soil at the CLY-2 site sub-
divides into three soil profiles (Fig. 5). The
morphology of the lowest of the three soils
(horizons ending in b4: Fig. 5, Table 1) is gen-
erally similar to that of the single Wasbtucna
Soil at the CON- I site. The dominant feature
of this buried soil is a light-gray petrocalcic bo-
rizon that has weak Stage IV morphology. The
petrocalcic horizon (Bkqmb4, Fig. 5) is
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Fig 5. Schematic stratigraphic  column for the CLY-2 site. Symbols used are defined in Fig. 2.
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strongly cemented, 50 cm thick, and has 9%
carbonate (0.13 g/cm’). Vertical seams of car-
bonate 1 to 4 mm thick define large polygons
that are 50 to 150 cm in diameter. Horizontal
seams of carbonate 1 to 2 mm thick form a
weak laminar cap. Cemented cylindrical nod-
ules that have a nearly continuous coating of
pedogenic carbonate make up about 90% of the
horizon. Pedogenic accumulation of carbonate
decreases downward through the two transi-

tional horizons that underlie the petrocalcicI
horizon (Bkqb4, BCkb4, Fig. 5). The original
A and Bw horizons of this buried soil have been
engulfed by carbonate from a subsequent cycleI
of soil development (Bkqlb3, BkqZb3,  Fig 5).

The second soil of the Washtucna Soil sc- I
quence  (-b3: Fig. 5, Table 1) has been formed
partially in a loess layer that was deposited on
top of the underlying tint Washtucna Soil and I
partially by overprinting features onto the un-

I
I
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derlying soil. This layer is recognized by a sharp
increase in the sand content. The second soil
has Stage III morphology and is less developed
than the underlying soil. The Bkq 1 b3 horizon
(Fig. 5) is an incipient petrocalcic horizon that
has about 6% carbonate (0.08 g/cm’)  and ver-
tical seams of carbonate (2-3 mm thick) that
form large polygons similar to those in the un-
derlying petrocalcic horizon. Cemented cylin-
drical nodules that have a nearly continuous
coating of carbonate form 80 to 90% of the ho-
rizon volume. Although much of the horizon
consists of cemented nodules, the nodules have
not been continuously cemented together to
form a petrocalcic horizon. The overlying ho-
rizon (Bwkb3. Fig. 5) has weak blocky struc-
ture and scattered cylindrical nodules and is
considered to have been the original A and
cambic horizons of this soil.

The uppermost soil of the sequence is a
weakly developed soil that has formed in a
third layer of sandy loess (-b2. Fig. 5, Table
1). This layer also is recognized by its much
higher content of sand. This soil consists of two
structureless cambic horizons that have a
slightly higher chroma  than horizons above or
below, and scattered cylindrical nodules and
filaments ofcarbonate. The lowest horizon is a
C horizon that separates the upper soil (- b2)
from the middle soil (-b3). The MSH set S
tephra lies at the top of the Bwkl b2 horizon.

The Washtucna Soil at the CLY-1 site is sub-
divided into at least two soil profiles (Figs. 3,
6). The lower of the two soils (-b4: Fig. 6,
Table 1) contains a strongly cemented petro-
calcic  horizon that has weak Stage IV mor-
phology (Bkqmb4). The petrocalcic horizon
varies in thickness from 70 to 110 cm and has
11% carbonate (0. I 5 g/cm’ ) . Cemented cyhn-
drical nodules that have a continuous coating
of carbonate make up about 90% of the hori-
zon volume. Vertical seams of carbonate 2 to 5
mm thick define large 50 to I50 cm polygons.
Horizontal seams of carbonate 1 to 2 mm thick
form a weak laminar cap. The petrocalcic
grades downward into a transitional horizon
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that has just a few percent nodules and fila-
ments of carbonate (BCkb4. Fig. 6). The orig-
inal A and cambic horizons of this soil have
been overlapped by the upper soil profile of the
subdivided Washtucna Soil (Bwkqmb3,
Bwkqb3, Fig. 6).

The upper soil profile (-b3: Fig. 6, Table
1) that forms the subdivided Washtucna Soil
at the CLY-2 site also has a petrocalcic horizon
with weak Stage IV morphology (Bwkqmb3 ).
The morphology of the upper petrocalcic is
similar to that of the morphology of the lower
one except the upper is thinner, ranging from
50 to 80 cm thick, and has only 6% carbonate
(0.08 g/cm’). The original A and cambic ho-
rizons for the soil are the Bwkb2, Bwkb3, and
the Bwkqb3 horizons which appear to be cu-
mulic (Fig. 6). The interval between the upper
and lower petrocalcic horizons ranges from 40
to 150 cm across the CLY-I exposure (Fig. 3 ).

The thick zone of cambic horizons (Bwkb2.
Bwkb3, Bwkqb3) above the upper petrocalcic
horizon may also form part of a third subdi-
vided profile, similar to the uppermost profile
at the CLY-2 site (Fig. 5).

Geomorphic conrrol  on loess layer thickness

The bifurcation of the Washtucna Soil into
two well-developed soils primarily reflects the
impact of variable rates of loess deposition and,
secondarily, geomorphic position. The inter-
val of loess in which the Washtucna Soil
formed, as defined by the stratigraphic posi-
tion of the MSH set S and C tephras,  is signif-
icantly thicker at the two Clyde sites than at
the CON-1 and WA-5 sites. The greater thick-
ness of the loess at the Clyde sites indicates that
the rate of loess accumulation at those sites was
much greater than the rate of accumulation at
the CON-1 and WA-5 sites during the same in-
terval of time. The presence of two or three
buried soils in proximal sites resulted from a
series of pulses of deposition during which the
landscape surface moved up too rapidly for
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Fig. 6. Schematic stratigraphic column for the CLY-I site. Symbols used are defined in Fig. 2.

soils to form, separated by periods of lower
rates of deposition and relative landscape sta-
bility during which the multiple Washtucna
Soils formed. These discrete pulses of sedi-
mentation apparently did not occur at distal
sites.

Dispersal of eolian material by wind from
sediment source areas produces regional pat-
terns in the sedimentologic properties of loess
deposits. Regional transects of loess in the cen-
tral U.S. have shown that there is a general
thinning of loess layers away from source areas
due to a decrease in the conceotration  and size
of windblown particles (Frazee et al., 1970;
Kleiss,  1973; Ruhe,  1983; Fehrenbachet et al..
1986). The thickest (and  coarsest ) loess in the
central U.S. is found immediately downwind
of major river valleys. Thicker loess layers at
the Clyde site are due to the proximity of the
sites to the principal source areas for the loess.

The CLY-I and CLY-2 sites are located im-
mediately downwind of nearby areas of Scab-
land flood slackwater  sediments. The flood
sediments are thick sequences of mostly sand
and silt that were deposited in the WaUa  WaUa
Valley, Pasco Basin, and adjoining low-lying
valleys (Fig. 1 ) where cataclysmic Rood waters
pondcd before draining to the Pacitic Ocean
(Brett, 1969; Baker and Bunker, 1985). The
Clyde sites are virtually surrounded by valleys
that were backflooded during the largest events
of scabland  flooding; several tens of meters of
slackwater sediments were deposited in these
adjacent valleys. Regional stratigraphic corre-
lations among exposures of Late Pleistocene
loess indicate that loess layers associated with
Late Quaternary episodes of flooding thin and
fine with distance to the northeast of areas of
slackwater sediments due to eolian redistribu-
tion by prevailing winds (McDonald, 1987;
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Busacca. 1990). The distal positions of the
CON- 1 and WA-5 sites have thinner loess lay-
ers than those at the proximal sites because the
distal sites are located many kilometers down-
wind from the major areas of slackwater
deposits.

Hillslope position may also have had an im-
pact on accumulation of thick loess layers. The
two Clyde sites are excavated into hills that lie
below the crest and on the north (lee) side of
a major loessial ridge. Loess  layers thicken on
the leeward sides of hills in several places in
the Palouse  and Channeled Scabland, proba-
bly because increased deposition of eolian sed-
iment on leeslope  positions can result from a
decrease in wind velocity and an increase in
turbulence on the leeward side of topographic
highs.

The CLY- 1 road-cut bisects the long axis of
a steeply northeast-sloping hill that connects on
its uphill end with the main ridge, whereas the
CLY-2 road-cut parallels the long axis of a N-
S trending hill with a flat summit that is in the
lee of the main ridge but is not directly con-
nected to it. The wetter northern slope and long
run of hill above the CLY-1 site may have pro-
moted the stronger development of the calcic
features there because ofenhanced eluviation-
illuviation processes and greater throughflow.
The droughty summit position of the flat sec-
ondary ridge ofCLY-2 may have limited trans-
fer of carbonates and restricted development
of the Washtucna Soil.

Accumulation of loessial  sediment on hill-
slopes has probably also been enhanced by sec-
ondary transfer of sediment through slope-
wash and mass movement processes. Loess
layers thicken towards the bottom of each hill-
slope at each site (Fig. 3). Pockets of poorly
stratified silty sediment were found in the un-
altered loess above the MSH set C tepbra on
the right side of the CLY-1 exposure (Fig. 3d).
The stratification suggests deposition by water
or niveo-eolian processes (Koster and Dijk-
mans, 1988) instead of eolian processes. Newly
deposited loess on steep hillslopes could be
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easily eroded before soil formation or vegeta-
tion could stabilize it. Mass movements in the
loess might also form thick accumulations on
footslope positions. Shallow debris flows are
common on loessial hillslopes in the Palouse
from freeze-thaw cycles during late winter
(Garber, 1965).

Thicker accumulations on the outer hill-
slope position ofthe CON-l (Fig. 3b) site may
also have been the result of colluviation, or in-
creased deposition of loess on the sideslopes of
that hill. Thickening of the loess in these posi-
tions appears to have been responding to the
pulsed depositional cycles so apparent at the
Clyde sites, because two Washtucna Soils have
developed in the telescoped loess on the
sideslopes.

Pedologic development of an accreting
landscape

The bifurcation of the Washtucna Soil pro-
vides a means of examining the impact of de-
position of new sediment on soil-forming pro-
cesses, on the development of superimposed
soil profiles, and on the time interval during
which pedogenesis occurred. Our interpreta-
tion is based on two related principles of soil
formation in a rising landscape setting: ( 1) an
actively forming soil will have a systematic se-
quence of eluvial and illuvial zones, and these
will have upper and lower boundaries: and (2 )

superimposed soil profiles will form largely as
a result of episodic rise in the land surface be-
cause additions of sediment will raise the ac-
tive zone of soil development by the amount
of the additions, allowing zones of pedogenesis
to overlap. Our analysis of the physical, chem-
ical, and morphological data for the bifurcated
Washtucna Soil in proximal locations along
with our knowledge of regional geologic events
and bracketing  ages has led us to the rather sur-
prising ,set of conclusions or hypotheses pre-
sented below as to the age of the Washtucna
Soil and the very brief time necessary for its
formation.
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Loess deposition and initial pedogenesis in
proximal sites

The cycle of loess deposition in which the
lower Washtucna Soil formed was triggered by
an episode of glacial-outburst flooding that oc-
curred during the early or middle Wisconsin
(McDonald, 1987; McDonald and Busacca,
1990).

Rates of deposition generally exceeded min-
imum rates of soil formation during the time
that the first 5 to 7 m of loess were deposited
in proximal sites like CLY- I and CLY-2. This
is because most of this thickness is only very
weakly altered, although at least one slightly
reddened cambic soil named the Old Maid
Coulee Soil (McDonald and Busacca, 1990)
formed (Fig. 7a).

The first phase of soil development for the
lower Washtucna Soil at proximal sites began
when the influx rate of sediment slowed, which
in turn caused a slower rise of the land surface
and of the zone of active soil formation. Dur-
ing this period of relative landscape stability,
soil-forming processes began to dominate over
those of loess deposition. We conclude a slow-
ing of loess deposition rates occurred because
this would allow organisms such as cicadas to
more thoroughly burrow a given volume of
sediment. Buried soils in the loess that have
petrocalcic horizons, such as the Washtucna
Soil, commonly have fossil burrows in more
than 90% of their volume, whereas unaltered
loess (see, e.g., Fig. 7a) that we think must
have been deposited relatively rapidly gener-
ally has less than 5% burrows. The soil that
formed in the uppermost part of the loess dur-
ing this first phase of Washtucna Soil forma-
tion consisted of burrowed A and cambic ho-
rizons and a weak calcic horizon (Fig. lb).

We do not know why or when the slowing of
loess deposition began that led to the onset of
development of the Washtucna Soil. One pos-
sible explanation may be that the supply of
eolian sediment from slackwater deposits de-
creased because of substantial depletion of the

flood deposits by fluvial erosion and eolian
redistribution.

I ’
Formation ojrhe petrocalcic horizon

I
The formation of the petrocalcic horizon in D

the lower Washtucna Soil at proximal sites is a
direct result of a renewed rapid rate of loess
deposition that forced the land surface and the

I

zone of accumulation of secondary carbonates
to move upward into the position of the A and I
cambic horizons that had been heavily bur-
rowed by cicadas (Fig. 7~). This added layer
of loess at the CLY-2 site was coarser than the I
loess it covered having almost 15%  more sand
(Fig. 5 ); this added layer at the CLY-1 site is
also coarser than the underlying loess with sand I

content doubling to almost 50%. Micromor-
phology of calcic  and petrocalcic horizons ( E. I
McDonald, unpubl. data) indicates that the
interiors of individual cicada burrows were tint
cemented with pedogenic carbonate to form the I
cemented cylindrical nodules. Cementation
probably began when the burrows were ini-
tially engulfed by the rising zone of carbonate I
accumulation. As the accumulation of pedo-
genie carbonate continued, carbonate was then
preferentially precipitated as nearly continu-I
ous coatings on the exterior surfaces of the cy-
lindrical nodules. Vertical seams formed by ac-
cumulation of pedogenic carbonate along I

prismatic ped faces. The transfer of much of
the carbonate downward along prismatic ped
faces appears to have been instrumental in

I

forming petrocalcic horizons because the de-
gree of carbonate cementation decreases away I
from the vertical seams. The petrocalcic hori-
zon was completed when the abundant cylin-
drical nodules became cemented together. A I
weak laminar cap of thin horizontal seams
formed over the top of the now-impermeable
horizon. During the formation of the petrocal- I
tic horizon, new A and cambic horizons with
prismatic and blocky soil structure and cicada
burrows were forming in the overlying loess I

(Fig. 7~).
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At distal sites such as WA-5 (Fig. 2 ) and ia-
deed over the majority of the loess area that
receives less than 400 mm of annual precipi-
tation today (Fig. 11, only a single Washtucaa
Soil is seen, and it has a morphology and car-
bonate content much like that of the lower
Washtucna Soil in proximal sites.

Bifurcation of the Washtucna Soil

One or more additional cycles of loess de-
position occurred during and after the forma-
tion of the lower Washtucaa Soil at the proxi-
mal sites but apparently did not occur at more
distal sites such as WA-5. Renewed deposition
of sand-rich loess buried the A and cambic ho-
rizons that formed with the petrocalcic hori-
zoo of the lower Washtucaa Soil. As a result.
this cicada burrowed zone of the A and cambic
horizons was also engulfed by the zone of car-
bonates (Fig. 7d). Cicada burrows in the for-
mer A and cambic horizons of the lower soil
first became cemented to form cylindrical
nodules, then carbonate preferentially precip
itated along the exteriors of the burrows. De-
velopment of seams of carbonate completed
superimposition of the upper Washtucna Soil
over the older A and cambic horizons of the
lower Washtucna soil. A petrocalcic horizon
formed as part of the upper Washtucaa Soil at
the CLY-1 site, whereas at the CLY-2 site, the
soil only has an incipient petrocalcic horizon.
Exposures of the upper Washtucna Soil at other
proximal sites indicate that the upper soil often
contains a petrocaicic horizon.

Continued deposition of sand-rich lotss
caused the laadscape to rise once again, result-
ing in the formation of a third, very weakly  de-
veloped soil. At the CLY-2 site, the third soil
formed within a meter of very sandy loess
( > 65% sand, Fig. 5 ). The MSH set S tephra
occurs in the loess that overlies this uppermost
Washtucaa Soil (Fig. 7e), providing a miai-
mum age estimate of 13,000 yr B.P. for the last
phase of development of the Washtucna Soil.

E.“. McDONALDAND  A,]. BUSACC

Timing o/soil/ormation

Determining the age of the Washtucaa l
Soil(s), and in turn, the rates of pedogenesis.
is problematic because of a lack of numerica

fage control for the onset of soil formation and
because regional stratigraphic relationships
among exposures of Late Quaternary lees

SIsuggest different lengths of time for the for-
matioa of the Washtucna Soils.

Development of the Washtucaa Soils mad
have occurred during much of the time iater-
val after the early or middle Wisconsin epi
sode of flooding (75,000 to 40,000 yr B.P.) and
before the end of the Late Wisconsin episode
of flooding ( 17,000 to 13,000 yr B.P. ). An iai
tiaI  period of relatively rapid loess depositioJ
and formation of the weaMy developed Old
Maid Coulee Soil prevailed for perhaps 500

gto 10,000 years following the older episode o
flooding. The remaining balance of time would
provide as much as 57,000 or as little as 13.000)
years for the periods of landscape stability that
led to the development of the Washtucaa Soils
depending on whether the older episode oii
flooding occurred during the early or middle
Wisconsin. If formation of the Washtucaa Soil
was constrained to this period of relative land1
scape stability, it is unclear what caused addi-
tional cycles of loess deposition at the proxi-
mal sites. I

An important question is what was the ori-
gin of the pulses of sandy loess at the Clyde  sites

Ithat are associated with the dual Washtucaa
soil in proximal locations. Development of the
superimposed soil profiles resulted from ma-
jor influxes of sand-rich loess sometime duringI

Washtucna-Soil time to force the single soil of
more distal sites to separate into two or more
at proximal sites. The combination of an in-

I

crease in the coarseness of the loess and the
pulses of renewed deposition indicate that aI
significant change occurred regarding laad-
scape stability and processes controlling loess
deposition. I

Different possible origins of these sediments

I
I
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suggest different age constraints on the timing
of the formation of the Washtucna Soil. Stra-
tigraphic relationships observed across the
Scabland between episodes of flooding and
cycles of loess deposition suggest our favored
explanation for the origin of the sandy loess. A
layer of sandy loess overlies the lower petrocal-
tic horizon of the lower Washtucna Soil at the
Clyde sites (Figs. 5, 6). The basal layer of
sandy loess at each site was the parent material
in which the A and cambic horizons of the
lower Washtucna Soil formed and was proba-
bly the principal source of the carbonates that
were translocated to form the petrocalcic ho-
rizon of the lower Washtucna Soil. As such, this
sandy loess had to be emplaced before the pe-
trocalcic horizon of the lower Washtucna Soil
could form.

The sandy texture of the loess implies that
eolian deposition occurred mainly by sahation
and modified-saltation processes from a nearby
source of sediment (Pye, 1987 ). At many sites
in the Scabland  system and in several ages of
loess from Holocene to Early Pleistocene, we
have found that episodes of Scabland  flooding
occurred with and perhaps triggered cycles of
loess deposition (McDonald and Busacca,
1988 ) . At many of these sites, the basal bed of
sediment that overlies flood-cut unconformi-
ties is sand-rich loess or dune material that was
deposited by saltation and modified saltation
from nearby flood channels. These sand-rich
layers, in turn, fine upward into silt-rich loess.
Abrupt coarsening of the loess that we attrib-
ute to the onset of late Wisconsin flooding oc-
curs within the Washtucna Soils at 6.2 m in
CLY-1 (Fig. 6) and 7.4 m in CLY-2 (Fig. 5),
and these sand-rich layers fine upward gradu-
ally (CLY-1) or in a series of pulses (CLY-2)
through the position of the MSH set S tephra
and above it. We think that the sand-rich lay-
ers in the Washtucna Soils were carried by sal-
tation from flood slackwater sediments that
had been deposited in adjacent valleys. The
gradual fining from sand-rich to silt-rich loess
occurred when the supply of coarse near-source

sediment in adjacent valleys decreased or was
stabilized. but eolian transpon (suspension  ) of
finer materials continued from the much larger
areas of thick slackwater sediments that are
upwind in the Walla  Walla  Valley and Pasco
Basin. The proximity of the Clyde sites to areas
of slackwater sediments from giant floods (Fig.
1) and the relationship between episodes of
flooding and cycles of loess deposition strongly
suggests that the beds of coarse loess here were
triggered by the onset of late Wisconsin floods
in the Channeled Scabland.

The sandy-loess  layers have been incorpo-
rated into the lower Washtucna Soil, so if this
hypothesis is correct, formation of the soil at
the proximal sites would have started with the
onset of late Wisconsin Scabland  flooding. This
latest episode of flooding in the Channeled
Scabland is thought to have begun about
16,000 (Atwater, 1986) or perhaps 17,000 yr
B.P. (Waitt, 1985) when the Cordilleran Ice
Sheet first impounded late Wisconsin glacial
lake Missoula. This interpretation suggests the
startling conclusion that the major develop-
ment of the lower and upper Washtucna Soils
(stages c to e, Fig. 7) may have occurred over
only about 4000 years between 17,000 and
13,000 years B.P. This suggested origin of the
pulses of sand-rich ioess thus requires very
rapid rates of formation for the Washtucna
Soil.

That the single or dual Washtucna Soils
could have fotmed in a few thousand years is
supported by the very weak expression of other
kinds of pedogenesis in these soils, such as low
amounts of secondary iron oxides from min-
eral weathering, and lack of even incipient de-
velopment of argillic horizons. These acces-
sory features of soil development are almost
absent in the Washtucna Soils. For example,
the upper and lower Washtucna Soils at CLY-
2 have only 0.45 and 0.50% dithionite-extract-
able Fe, respectively, as compared to about
0.37 and 0.44% Fe in the unaltered loess be-
neath each soil. Soil development completed
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in a few thousand years would provide one ex-
planation for these observations.

An alternative hypothesis for the origin of the
coarse loess layers is that they were triggered
by changes in climate or vegetation that af-
fected landscape stability and the supply of
eolian sediment at the onset of Late Wisconsin
glaciation in the Pacific Nonhwest. A pollen
record from Carp Lake in south-central Wash-
ington suggests that the Columbia Plateau was
colder and more arid between 2 1,000 and 8 500
yrs B.P. These changes at the start of late Wis-
consin glaciation may have caused a decrease
in the vegetative cover on loess deposits across
the plateau, and in turn triggered the initial
cycle of eolian deposition. Additional incre-
ments of sandy loess may have been added by
eolian redistribution of late Wisconsin flood
sediments beginning at about 17,000 to 16,000
yr B.P. This interpretation also requires rapid
rates of soil formation, although it does allow
more time for the formation of the Washtucna
Soil at distal sites between the onset of degrad-
ing climate and the end of the late Wisconsin
Scabland flooding. This interpretation also
would provide for continued loess deposition
for the bifurcation of the Washtucna Soils. Al-
though it is plausible that cycles of deposition
of sandy loess that are incorporated in the
Washtucna Soils resulted from vegetative or
climatic changes, this linkage remains to be
documented in the Scabland loess deposits.

Other hypotheses may explain the origin of
the pulses of sand-rich loess and provide dif-
ferent constraints on the timing on the devel-
opment of the Washtucna Soil; however, the
scenarios presented here best explain our cur-
rent knowledge of linkages among flooding,
loess deposition, and soil formation in the
Channeled Scabland. We are testing the pro-
posed time intervals for the formation of the
Washtucna Soil by ( 1) applying a model that
estimates the accumulation of pedogenic car-
bonate (Mayer et al., 1988), and (2) numeri-
cal dating by the thermoluminescence method
of the loess in which the soils formed.

E,V McWNiA!_D  AND A.,.  BUS~4CCA

I
Implications and conclusions

Rates ofsoil development I ’

The stratigraphic relationships of the Wash-
tucna Soil among the sites discussed in this pa- l
per indicate that in areas of deep loess accu-
mulation, two welldeveloped  soil profiles were
formed during the same time interval in which I

only a single soil profile was being formed
throughout the rest of the Channeled Scab-
land. Evidence for this is the consistent strati-

I

graphic position among the Washtucna Soil(s)
and the two MSH tephras at all sites. This in-
dicates that the base of the Washtucna Soil
where it consists of two soil profiles is not time-
transgressive to the degree that soil develop- I
ment began much earlier in areas of thick loess
and continued for a period of time signifi-
cantly longer than in areas where only one soilI
profile was formed. In addition. it seems un-
likely that a longer period of landscape stabil-
ity and soil development would occur in areasI
close to the loess source area where loess accu-
mulation is very rapid and deeper than in areasI
of thin loess at greater distances.

The formation of two well-developed soils in
proximal areas during the same time intervalI
in which only one well-developed soil was
formed in distal areas indicates that, at the
least, rates of soil formation were much differ-I
ent between distal and proximal sites. The dif-
ferences in the rates of soil development per-
haps can best be explained through the conceptI
of pedologic thresholds. The development of
the Washtucna Soils represents the combined1
effects of extrinsic and intrinsic thresholds
(Schumm, I979 ). An extrinsic pedologic
threshold was created when an external event
caused pulses of eolian sedimentation that
forced the landscape to rise, which led to the
formation of overlapping soil profiles. An in-I
t&sic threshold was crossed when the rising
zone of carbonate accumulation engulfed for-
mer A and cambic horizons of the previous,I
now-buried soil that had been profusely bur-

l
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rowed by cicadas, leading to rapid formation
of the petrocalcic horizon. The initial tianslo-
cation of carbonate resulted in the cementa-
tion of the cicada burrows. Continued translo-
cation of carbonate caused the carbonate to be
preferentially precipitated on burrow exte-
riors: because of their great abundance, the
burrows, in turn, quickly became cemented to-
gether, forming a petrocalcic horizon.

An imponant aspect of the development of
the cemented cylindrical nodules is that they
decreased the surface area-to-volume ratio in
the horizon, therefore decreasing the quantity
of pedogenic carbonate required to cement the
horizon together. Evidence for this is the small
amount of carbonate measured in the petrocal-
tic horizons (generally only 6 to 12%). Car-
bonate content for the Washtucna Soils is
nearly two to six times lower than the carbon-
ate content in soils described in the southwest
U.S. that have Stage III or IV morphology
(Machette, 1985). The small quantity of
translocated carbonate in the petrocalcic hori-
zons of the Washtucna Soils is consistent with
our suggestion that they formed in a very short
time.

The role of cylindrical nodules in the for-
mation of soils in the loess is similar to that of
gravel in coarse-textured soils, where the gravel
decreases the amount of carbonate required to
cement the interstitial matrix. Gile et al.
( 1966) have suggested that the pedogenic ac-
cumulation of carbonate proceeds at a faster
rate in coarse-textured soils than it does in fine-
textured soils.

It has been disturbing to us that the single
Washtucna Soil at distal sites is only about as
strongly developed as one of the two Wash-
tucna Soils at proximal sites, sometimes even
less so (compare Figs. 2.5,6),  even though the
single soil would have been forming on the land
surface for about the same period of time as
the dual soil. We think that the threshold con-
cept applies to explain this as well. At the dis-
tal sites, only one burrowed zone was engulfed
to trigger the formation of the single petrocal-
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tic horizon. At the proximal sites during this
same time interval. deposition of additional
loess caused a second zone of cicada burrows
lo be engulfed. The translocation of carbonate
from this new sediment allowed the second
Washtucna Soil to quickly form at proximal
sites; conversely, the absence or additions of
only small amounts of sediment at distal sites
added little more carbonate to the Washtucna
Soil in those areas away from the sediment
source.

Impact on soil stratigraphy

The different and perhaps rapid rates of pe-
dogenesis exhibited by the bifurcated Wash-
tucna Soil has important implications for the
Paiouse loess as well as for soil-stratigraphic
studies in general.

Soil formation during periods of glacial cli-
mate is important to soil-stratigraphic studies
because of the wi_despread  belief that condi-
tions favorable for rapid soil development oc-
cur only during ioterglaciations (cf. Birkeland
and Shroba, 1974; Morrison, I978  ). An inter-
esting hypothesis first proposed by Foley
( 1982) was that at least some of the buried
soils in the Palouse loess may have been formed
during glacial stages. Stratigraphic relation-
ships suggest that the Washtucna Soil may have
developed during the late Wisconsin, or a time
of glacial climate. Recognition of other soils
that may have formed during glacial periods
would provide a powerful tool for linking the
Palouse stratigraphy to the deep-sea oxygen
isotope curve. That the Washtucna Soil and
others in the loess may have formed during
times of glacial climate is in opposition to the
concept of soil-forming intervals (Morrison,
1967 ), which holds that soil-forming pro-
cesses are relatively inactive during times of
glaciation and that unique and optimal cli-
mate conditions during the brief times of in-
terglaciations arc responsible for the bulk of soil
formation.

Soils that can form very rapidly if a pedol-



ogic threshold is exceeded could lead to very
incorrect estimates of the age of that soil and
of its geomorphic surface, or in incorrect soil-
stratigraphic correlations. For example, calcic
soils in the southwestern U.S. that have Stage
III to Stage IV morphology are generally found
on surfaces thought to be Middle to Late Pleis-
tocene or older than 100,000 yr B.P. (Gile et
al.. 1966; Machette,  1985). The ages of these
soils. however, are poorly constrained. The
weak Stage IV morphology of the Washtucna
Soil has formed in a considerably shorter time.
We are not suggesting that all calcic soils
formed this fast; however, there is still a great
deal we do not know about rates of accumula-
tion of pedogenic carbonate and of soil for-
mation. especially once threshold conditions
are established. The results reported here do
suggest. however, that extreme caution is re-
quired when estimating ages of geomorphic
surfaces based on the stage of carbonate mor-
phology because of the possibility that rates of
soil formation can be very different under dif-
ferent circumstances. The concept of pedol-
ogic thresholds is not new (Birkeland, 1984:
Busacca, 1987),  but little is known about what
types of geologic and pedologic environments
can be conductive to promoting rapid soil
formation.

Many soils form in dynamic environments
where, as a result of episodic sedimentation, the
morphologic propenies of a pre-existing soil
may have an important impact on a subse-
quent period of soil development. The devel-
opment of a zone of cicada burrows in one
phase of soil development that was subse-
quently engulfed by pedogenic carbonate un-
der a rising landsurface, along with the rapid
development of gravel-like cemented cicada
burrows. seems to have greatly accelerated the
development of petrocalcic horizons. Rccog-
nition of the effects of overlapping periods of
soil development is always a concern in strati-
graphic investigations of buried soils: how-
ever, continued eohan additions to surface soils
are more difficult to detect and evaluate.
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The deepest and most continuous loeen  deposits in lbe oorthweslern  U.S.A.
we centered on eastern Washington state  in a region n&d “The Palouse”.
The Pubwe loess may help us lo belter understand lh( Qusternary  history 01
North America hecause  it is very near the aoutbern  margin  of the Cordillemn
Ice Sheer (Fig. I) and because scone of the cyclea  of lees..  deposition were
triggered by cataclysmic glacial outbunt floods fmm Cbrial lake Missoula  in
wmtern  Monlana  (McDonsldand  Bueaccn.  1988:  Busncra.  1989)  that creeled
the Channeled Scabland  in central Washington (Bskw and Bunker. 198.5).
Recent research has demon?llmted  that there  were at least six and perhaps
more episodn  of giant flooda  during glacial maxima ol the Pleistocene Epoch
(Mclhmnld  and Bosnrca.  1988).  A thick Cordillersn  Ire Sheet extending into
southern Canada  or the northern U.S. ia required to block drainagea  nod gen-
erate these large-scale lloc&. M the stmtigmphic record in the loess one day
rosy  he one of the best terrestrial proxy records of glarial~climalic cycles in
North  America.

Pakomagmtic  measurementa  prove that the&c rword in the lows  spans
at least the last one million years  (Pracker.  1979: Kokla end Opdyke. 1980;
Foley. 1962: Busncca.  unpublished data ). Thin layers of volcanic ash from the
Cascade volcanic mountain chain to the west are inter~trati&d in the loew.
and .wne  of these have been correlated to known and abated erupliuns (Foley.
1982;  Mclkmsld and Bu~cca.  199& Nelatead. 1988).

Within lhe Pslwse  I- awe intemtmtifii  dozens *+I buried ancient soils
(paleoeols  ). The pakoaola  we the record of episodea  ol relative lsode.cape  sta-
hility and the beds of I- me the record of epiwden  of rnpid eolian sedimen-
tation. Early work on the stmtigmphy  of the Palouse  Iana  conducted hy Rordd
Fryxell (Fryxell  et al.. 1965; Richmondet  al.. 1965) ww wt offhy his untimely
death is 1974. It is known. bcwevcr.  that pleosols in 1.~9~  sequences can be



excellent indicator  of pad climate (see. for example. Liu. 1985  ). cnn he wed
as stratigraphic  markera  for regional correlationa  (e.g. &he. 1976).  and.  in a
few asen. paleosol-and-loens  wquences  have been used  to reconst~ct  glncial-
inlerglaeial  cyclical patterns (e.g. Kukla. 1975. 1977:  Kukla et al.. 1983).  JO
further work on the laces  of the Palowe is cknrly  warranted.

A new phme  of march on the hi*lory and origins of loens  and paleosols  in
the Pnlaae region has been undcrwsy  for several years, and a picture ia begin-
ningtn takcshapeolthe  natureof  thepalcwols  in the loess and theirclimatic
snd atmligmphii signiticance.  The purpose of thin paper  is to show aamc of
the resulta  of this recent work  and to dixuss  new ideaa and hypotheses.

One deep slmtigraphic  exposure in the drier part of the region and thm
surface pedonr from prognssively  wetter zones  were atudicd and #IV dincuased
below. The large mlion wan aelected  hecause  it is one of the dqwst  excwa-
lions in the loens.  Thedesetiption was made from a hand-dug. stepped  trench
in (I roadcut  3.3 km northrcst  of the town of Washtucna.  Washington ( W in
Fig. I ). The sitl ia at the crest of a north-mulh  trending hill al an elevation of
490 m. The m&ut crposn the upper  26 m of 8ection.  The hill is part of 4
“krssisland”,~rrmnantofthedrryloasntverthstissurroundcdbychanmls
ofthe Sesbl~ndsystem,Thttnnchinbel~ndcd05-1.5  mback from the face
of the mdcvt CO eqxme  &oh material. Individual kwsa  strata  and pkoml
horimnn  were described using etandard methods for soils (soil Survey  Staff,
1981) that were ~kmented with additional terms  to deacrihe  scdimento-
logical features.  tephm laycrn  and unusual morphologic fesluum  that resulted
from biiurbation.

Pedons  of Ibe surface soils  dinox& helmv  were selected to illualrale  the
great changes in pedogenic  character acmsa the P&use  region. They welt
described fmm freshly l xcwMed backha  pits. The mils  were described  wing
atnndard  methods for soil= (Soil Survey Stall.  IS81 ). The Oliihsnt.  Thatuna
and Santa sites  are 45 km east,  113  km e-t-northeast.  and 137 km east  of the
Wanhtucnasitc,  rrspcctively  (Fii. I). Eachorthcthrresitesasson  theconvex
upper part of a locss  hill with southwesterly (Oliphant se&a).  northeasterly
(TImtuna  I and mterly  I.Santal  aqecta  and slops of km than rseven  degrees
The three  sitea  are all within the main body of the Paloux loeas  geographically
and arc therefore not nest,  any Scabland  channels.

Rulk mmplcs ofcach  n&l and p&owl  horizon and Ions layer were mllected
for analysis. Sampling intervals at the Washtwna  and other siten  ranged from

IO tn 100 cm. Oriented undiaturhed  blocks of paleoml~ :~nd 1oe.w 1ayr.m  were
collected fmm the Wnahtucna  r&e. These  were impregrwted  with resin and
thin sections were made and then examined with m petrographic micrmcope.
P&genie calcium and magnncsium  carbonates were anal~red  by treating aam-
plen for 30 min with a sodium acetate huller solution (11.5 M NsOAc in 13%
14OAc  I heated lo 90°C.  the calcium and magn&um  were  analyzed by alomic
ahsorption  spectroscopy. Samplea  forthe&t.ermination  ~~lpmtick-sizedistri-
bution  were pmtrented  trke wing the same procedure 111)  above to remove
carbonate cemcntn.  The 8ampks  *r-e then dispemed  hy mnimling them for
15 min in a 3% Na,CO>  a&lion in m cup-typr ultmaonic  vihmtor (Busacca  et
sl.. 1984).  Sands were first eepamted  from silt and clay by wet sieving. then
dried and weighed. Clay  conknt was  determined by pipette method (Jackson.
1975) and sill hy 9ublmcting  the weight  ofaand  and clay  Irum the oven-dry
weight al the pretreated sample. Orgmdc  carbon content of the pedona  of sur-
face rails V(IB determined by an acid-dichmmatc  diption  pmxxdure  (Soil
Survey Stall.  1984.6AlC);  extractable iron was determined for the Oliphant
nndThatrrna~nshyadithionite-citra(eproerdurr  (SnilSurvey  Staff, 1984.
6C2I.

Deep  ronrkuts  in the Palorme  expose multipk paleoeols  interstratified  with
sheetnollaw.  Omoflhednpstandmostextcnaively~tvd~madcvtsis  3.3
km northwest of Washtwna. Washington. Twentyok  meters  of stmtigmphic
.seclion  is cxFoBed;  the total depth appears  to be 40-60 m based on inlerpre-
tatianoftqmgvaphic  maps.Tbeacdimentain  theloweronc-halfoflheexponed
section are reversely msgrwtiud  (Fig. 2) (Kukla and Opdyke. 19IQ  Foky.
1982; Buaacca.  19f1!9). implying deposition before the Bmnhea Normal Polar-
ity Chmn snd therefore sn age greater  than 790.000  yr B.P. (Johnson. 1962).

The paleowlr in this oection  have cambic. cakk. petrocakic  and duripan
horizona. a~ da palcosds  in other crpawre~ in the semiarid we&em  Palouse
and Channeled Smblsnd.  Present&y  mean  snnual  precipitation (MAP 1 and
mean  annual sir temperature (MAT) at the Washtucna  site are 2130 mm and
10.5”C.  respectively. The native vegetation in the men surrounding the nite
WM wgehnmh  steppe h&m  settlement  IDaubenmire.  1970).  H&ccnc wr-
lace soils are Molliwls  that are intergrading  to Aridisols  (Soil Survey Staff.
1975).

Calcium nnd ms.qnesium  csrbonatea  in relatively unnlteml  Inew lapn range
from 1 to 5% (Fig. 2); grains of detrital  limcatone or marble me awn in thin
section. Pedogenic  horizona  have 7 to almast  40% mrbomtn.  The carhonatn
occur  m thin filaments, mft manses.  cemented in-1 burrwva  Iearthworm  and



paleosols  st Washtwns  andother sites in the semiarid purl  ofthe I’ahnwe  even
though amounts rarely exceed 1.5% on m carbona(c-free  basis (S.A.  Feldman
and A.J. Busacca.  unpublinhed  data).  Strongly developed paleowls  can have
dominantly carbonate cements, both carbonates  and silica. or in a few cases.
dominantly silica. The p&owl  at 24 m. for example (Fig. 2). has low cerbon-
ale content yet apparently because  of siliia cemcntniiw ie one of the most
slrungly cemented paleosola in the exposure.

Camhic horizons are present  abow about one-half ol the celcic and petm-
cslcic horizonaandduripans.  Cambic  horizons have highercolorchromaa  than
do horizons above and below them; in thin section.  they exhibit greater  weslh-
ering of primary minerals and more aecondmy  imn oxide coatings. Iambic
horizons also hnve slightly higher amounts of dithionite-extractable iron than
do non-cambic horizons (about 0.6% ve_ about 0.3%. nn II carbonate-free
basis). Even though the amounts me small. the relaticmship  between Fe., and
csmbii horizons is consistent enough that it is probably the rewlt  of pedogen-
esis in most cases. Although there  are variationa  in clay content with depth
f Fig. 2 ). field morphology and study of thin nectiorw  suggest srgillii  horizons
in this stratigraphic  section only for the paleosols  at 13 ad 24 m. The varia-
lions in clay content. therefore, are due principally to dqrositional  pmcesws.
perhap  with some  contrilxrtiin  by in-place  weathering in nome  horimns.

Zones  darkened by humitied  organic matter or other buried plant remains
nre not found at this site. and in fact  me extremely rare even in the areaa  of
higher precipitation to the east. There is evidence al some sitea that A and
cnmbic horimns have been &ripped down  to duriprms  and cskic horizons by
alope erosion and. in the Channeled Sesbland. by flood  erosion. More eom-
manly.  however, the zonea that were the A horizone  when  soils were nctively
forming probably are still present in the stratigraphic  sequence. They now
have the eppesrance  of being part of C horizons. caml+ic  horizons. or calcic
horizons of the next overlying p&osola. A horizons  may have simply lost their
organic matter by oxidation after burial in this dry environment, or. in this
lundscspe  that has risen episodically by deposition of n-w loas. each incre-
ment mey have been. in turn. the A. then the cambic. t.hen  the calcic horizon
fUr euccesvive  soil profila

Particularly when incremen(s  of new loess have beera  less than about I m.
the calcic or duripan  01 the newly forming surface aoil  bus overprinted ita Tea-
111rm  on the former  A and cambic horizons of the previous aoil. For example.
at 5 m in the Wsshtucna profile. the carbonate enrkhrd horizons from two
different episodes  of soil  development are closely superimposed and the pan of
the upper apparently has been formed in the former A horizon of the lower one
(Fig. 2). Chemical data. lield morphology and micromaqrhology  support this
interpretation of partial overlap of aoil development for about half of the pa-
lwsols at the Wsahtucna aitc (Busrrcca  and Feldman. IYeS).  Several terms
such as welded soil (Ruhc and Olson. 1980).  compound and composite g-1
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fMorrison.  1978) andnupwimpowdmil lBum.wcactal..  1965) hsveheen pro-
pmedforvari~formslhstovcrlspcat~  takcin~~cif~g~l~icsnd~enic
cletlingn.

Soil  structure formed hy burrowing organisms such a8 earthworms and ci-
endas is very camnon in paleowls throughout the acmiarid  and arid climatic
ronmofthcPalanc~ndScnhland.Them~t  hcevilyburracdhorirons.vhich
I &&he as having a “cylindriul”  soil slructure.  rrould  seem lo &line&e  the
positions of former A and mmhic horizons  becnusw of the known  life hahik of
theseorganisms (HugieandPaeaey.  196nJ.butlhy~~aImoatinvsriahlyalso
part of the moat &on& cemented horizons in the pskcaln Root casts  of
~~asscsandshrubsthatarrnorstronglyrrmentedbycsrbona~arralsorom-
man. Tbeae dmervations am consistent with a complex genesis  of the soils  in
which the Aandambii  ho~~ofemils~eventuallyen~lfed  by carbonate
and silica cewnb  m the zone of pmcipitntion  ofcarbonatea  and silica r&s in
an epiwdicrdly secreting  laeas  Isndacape. As individual loess lxds thin to the
north and east  of amwce meno in the Pssco Basin and environs (McDonald.
1997; B-a. 1969). the overlap hecomes more severe  and the problem of
diwtinguishing  individual palcoeols  becomes more never. Much remains un-
known about the exact oeqwnceand  timingofepiwdeoofsoildevelopmcnl  in
the Paknme.  yet thcec observntionm  tell w thst  the origin of the ~aleosolr  has
been compkx_

Particle-aia arulysia of &mtu at the Washtucna m&cut and at other sites
vithin and near the Charm&d  Sublrnd ahow  much wider  ran- in texture.
end in par(iculmr  higher sand contents. than ie typical of loess.  The sand con.
tent of loe~ in the Smhland (dominantly very tine und) rangea  from 10 to
mmc than 75% (Fii.  2 ). In crmtti.  Franc et al. t 1970) reportEd  sand to be
ksa than 6% for Peoria bin Illinois. except within I km or the Missine.ippi
and Rlinois  riven. Even in these very near-emrrce  amas, sand -1111  less than
16%. Loees in the main Pslouse  is tiner in texture.  ranging from rbout 2 to
20% sati  and 25 to 6% c~a~. and is m01c t-1 d la9 rrported  eimhcm.
prewmably  because  of much gmater  dimtnncen  from cawce mwm.

Giant tlwds in the Chmmekd  Scabland  may have been reapmwsibk  in pert
for the coarse  texture of the loem then by triggwingcyclea  of laces  dcpaition
when llood  aedimenb  cmdd  have been remobiliccd  and winnowed by stmng
prevailing wmthwe&rly rinds it is known that floods  deposited  gravel. sand,
and silt in and adjacent to channels or “coulcca”  within the Scshlmrd  and
depceited  silty and bc yey quiet-water acdiment  in the Parr0  R&n and wr.
rounding valleys (Fig. I ). where  llwdwatim  ponded  before  draining to the
Pacific Ocean Uimkcrmd  Bunker. 1965). It is&o known that then have been
several episodes of flooding during the Pkistocem  (Patton and Bnktr.  1978;
McDonsld nnd B-a. 1988). each episode consisting of rnsny  individual
fimd humts  from Glacial Lake Mimnoula  and  spanning perhaps rveral thou-
sandyeanduringaglacial  maximum (Waitt. 1985:Atrater. 1966). Lassheds

associated with late Quaternary episode8  of flooding thin and tine with dis-
tame srny from the Psaco  Basin and surrounding valleva (BUSMCS.  196%
McDonnld  nnd B~wcea.  1989).

large crrmional  unconformities  cut into loess  adjacent to flood coukcs  haw
heen  correlated to earlier epimdca  of tkaia  by stmtigmphic  pwition within
the lu?ls. hy flwd wdimente  that overlie -me unccmformiticr  and by marker
beds of volcanic sah  t McDonald  and Busacm.  1666).  Al many  sites. lonu that
overlies thew unmnformitiea  g&en upward in trxturr from conme (0 fine
fMcDonsld  and Bumcca.  1966). This auggeab  II ahifting hulanc~  of IIC+I~CCB
through time after epimdcs  of flooding: ccarca  ssltated wdimtnt from nearby
rnukesdominating~ndrtcr~.andlimragpndedrr~imcnt  (tnnl0nnl
from distant ~urce arean  dominating later. The marse baaal  prtn may be a
highly locslized  form of cover sands or sand  sheeta reported from a vsricty of
ancient and modern environments (e.g. Ruegg, 1963; Kocurek  and Nielson.
1966; Schwan.  1966). Palcosola  that cap these beds  mqgwt a return  to land.
scapestahilitynndvcry  Immtesoflassdcpoeition  som~time.pmbahly  thou-
sands to perhnpa  ten thwaand  yema. aRet each flood epi.wde.

At Washtucna  and other such aitm in the S&land that do not have ohvimrs
unconformities. wme of the lass hedn also an very nandy (e.g. at 4.6.14. and
16-IR  m, Fig. 2). These appeclrtobebclativetosome  of the flood-triggered
Iwasked3dnrribed&we  wtusaan. 1969).

Skcawe the Chmmekd  Scabland  consinta  of 8 system of anastomosing  or
hrnided channels that covere  thouMnda of km2  (Fi. 1). region-ride patterns
of partick aim and thickness for loem be& within the Scahland  that -era
triggered hy fhwdn. nwh IIJ Holanc Luas,  me guikcompkx (E.V. McDonald
and AJ. B-a.unpublinheddab)  nnd reprrscnta  atrikir.gcontrasttnmt
other loess  regions that have line nowren  such es major rivers.

It is not known how many of the kwm-palermol  cycles in sections such aa
Washtucna  could havelxent+credby  epiwksofcatacl~mk  Rooding.Tbere
have  been  II minimum of nix episodea  of fknnia  during the Pkistccene (MC-
Donald and B-s. 1966). however. @a flooda  have probably generated at
least six loess beds. including the Hcdwxw loess  cap that fomw the makm
surfsee soil. which wte dqmited  follaing the last glacial flooda.  The exis-
tence of such a large total number of loem be& and p&onola at silrs such 1)s
War+htwna  (Fig. 2) atggesta  that climatic cycks or o&l&ions  may have ex-
l rted an influence on loeva depmition  through neveral other pmxisq ouch ds
changn, in vcgetstinn  or in rind direction or intensity. in nddition to glncirr-
dammed Inkrs.

Soils developed in the layer of Holocene or “past-Scnhlnnd fled” l0e.w  in
the ChsnmledScnhlandand  P&USC  reflect  the l xirtencr ofclimatic  and veg-



etationnl  g&ii& across  the region during their development, because  ochric
l pipedons, cambic horizons, and cakic horizons have formed in the driest area
that is centered on the Pasco  Basin and these features ore progressively R-
placed by mollic  epipedons.  cambii and then  west  srgillii horizons. albi  ho-
rizonn,  and fragipmm  with increasing distance to the north and cast into mea,
of higher precipitation. Paleoaoia  across the arune  region shotv grossly similar
trends.  nrggesting  that gmdiinta of climate and vegetation rlsn existed during
the Plcietacem Qmch. There ir neither sufficient rtratigmphic  control nor

b&n of reconatructin~  p&c&m& for individual time per&; bow&er. I
will present data and  interpret&ions from three pe&ru that span (odsy’s  cli-
matic range and discuea  the potential for eventual palnwlimstic  reconstrw-
tkma bawd on l reconnrissance  of ntratigmphii  expowm of p&omls.

The geographic and physiogmphic setting of the loese  is important to un-
derstanding tlwclimaticsnd  pedogenicgmdients.The  MioceneColumhia  Pla-
terw BansIt aerven  aa n gently eloping platform on which the las wao depos-
itwI;  lhe ekvnl.ion  of the lowcsl part of the Pmxo  Ihsin is about 150 m above
sea level end tk elevationa  of the tops of the loess hills increase from about

2 MO m on tbe muchrat  to more than 900 m on the northe&.  Present-day
mean mnnml precipitation ia m low au 150 mtn in Columbia Basin and in-
E~BL=U  norChm&wmd  to more than  IMX)  mm in the Biiterrmt  Mountains of
north Idaho due to rm orograpbii effect on the cyclonic  atomu that are csrried
by westerly rinds. Pmaentday  menn  annual air and soil temperatures  de-

crranralo~~ietnn~dwtoincrr~ngekvatjon.  Natiwvegetntionbelore
arrival of large numben of American eettkm in the kte nineteenth century
was a eagebrwh  steppe  in the driest  aouthwestem  part of the region, II steppe
consisting of perennial lnmchgmsaea  in the main body of the Palouse. and
conifer forest along the eastern edge of the loess fkld in northern Idaho
(Daubenmim.  1970).

Cambic.  calcic. petmc&ic  and duripan horizons dominate in prdeoeols  that
occur to the west  and swthwest of the 450 nun imhyet  (Fig. I ) of present-day
mean  munml precipitation; albic. umbic.  argillic end occasional  week cskic
horimnn  occur in pleovols  (hat lie geographically approximately between the
450 and  700 mm isohyets: and slbic. srgillic  nnd  fmgiipan horizons dominate
in e. zone about  ‘20 km wide to the east  of the 700 nun is&yet.

Because of the camplea  landscapes. varinble  thieknea of the youngest layer
of IUCM (Holocene and l&eat Pki&ocene  in age or about IXUc!4J  yr old; Mc-
DunnId. 1987: Busscca. 1989). and the ubiquitous presence of p&owl  hori-
zons beneath this cover  of young lams.  about one-half of  the upland soil series
mapped in the Scabland  and Psloune  have aupcrimposed  pmfilee  (Busecca  et

~ al.. I!%!!).  Mollicorochricepipedons,enmhicand/or  rcakcakic horizons have
been formed in the young lomn  layer and these feature  overlie and merge in
development with cambii. eakie. petmcskic. duripsn.  albie. argillic.  or fragi-

pen horizons of palw.ols. Superin~posed  protilee  sre a tid~~spread  feature  of

soils  in a thin loess cover in which the solurn  of the surface soil forms through-
out the ent  ire thickness of the cover and into the solurn  of II buried soil formed
in an older material. Huhe  and Oleon (1960) called thia proceea”aail  welding”
oud such soils “welded soils”.

I selected the Dliphant.  Thatuna. and Santa series 61s (Fig. 3; Table I) to
represent welded soil prolilee with components oflmth  Holocene and earlier
episodes of mil development snd to illuatrste  dominant pedogenic  pnxeesm
in the low-orecipilation  mwt  of the bunchrnsn  mne. the hieh-ore&it&ion

The Oliphant i&s and (I rambii ho&on that
have been formed in the layer or youngeat  loees.  A ealcic horizon appears to
have formed into former A and cmnbic horioone  of the buried paleowl (Fig. I.
Tahlc I). Underlying these  ho&ma  is e petrocalcic  horizon of the paleowl.
Carbonates we in the form of horizontal laminat.  vertical scams.  soft rnase.es
and filmnenta.  No tmnslocstion  of clsy is evident from Iahorntory  data fTahk
I ). although the A and cambic horizons have  larger amwnts  of extractsble
iron thnn deeper horizons. presumably due to gmatcr  wentbering  of the near-
surface zone.

The Thatuna  series soil  has a higher org.enic matter coutent  than dam the
Dliphant soil (Table I). which is a rewlt of the higher mc.w  mmual pmipi-
tation and greater biomam  pmduction on the Thatuna site. A cambic  horizon
underlies the mollic epipedon.  As with the Oliphant &I. the upper sequence
of horizona  in thought to have been formed in Holocene and latest Pleistocene
loesa.  Carbonates  generally have been fully kached from noila ouch as thm of
the I’slouse  series  in this precipitation zone, except that they are not com-
pletely removed from thin soils on hill summita  that shed waler.

Even in thk part of the Palouse  where  present-day MAP is 560 mm. IO-
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I I5.000  yr nl~pnrenlly  is insufficient lime to form a” ar$lor  hrwixon  in the Hot-
ocene  lees% under  a xeric  climate. although the cambic horizon shows  macro-
and micmriwrpbologic  evidence in the form of weak sr+v~s  and interstitial
p~ure  tillirw  thnt  clay transformation nnd tranrdocation  nrc Inking  place in the
mnteri”l.

A strong nlhic  and argillic horizon sequence  underlies the young loew in the
Thaluns  soil. The albic lwrizcm  ban been formed by lateml water flow over the
upper  surfnr-e  of the lens prmeahk  s~illie  horimn (Rieper and Smith. 1955).
The ar&c bnrizon has thick or pmmimnt  argillans on ped face@ and lining
t~rbtdsr  paws.  Imn-manganese mmretions  up to aweml  millimeter  in diam-
cterarec”~~o”  i”thealhicanda~illichorizona.Tm”~kso!ionofeatr~(able
iron (L(I well as clay is evident from a comparimn  of the albic and paleosol
or,+c horimns (Table I ). The albic and srgillk  horimns are d exampln
of the welding process (Ruhe and Olson, 1980)  because contemporary pm-
cessm m.wcinted with the modem land aurface  have extended into what prob-
ably wss the former  A horizon of the paleosol  tn fom~ the albii (Fig. 3). Llqv
radstion of the upper part of the argillic horizon (Fig. :I) and possibly  clay
transl”cnlirJ”  appear also to be contemporary pmeessea.

The Santa series  soil has s” ahric  epipedo”  becauw  it has been formed
un&ramixnlco”iferes~inateadofunderpcnnnial~assn.ltisa”Al6?lol
fFragixcrslf) that is part of a belt of Alfmols and Inceptisolola  that formed in
for& “Ed the forest-steppe boundary in the dint4 psrt oflhe lass field. The
ochric  epipedon and cambic  borixm have been formed in young loera.  They
overlie II stmng  albic horizon and s” srgillii  horizon of II palroeol.  The albic
nnd fmgipsn horizons apparently formed  during the Ilol.vzene  as a” overprint
on the A snd argillic horizonr. reqnxtivcly.  oftbe  p&owl. The albie end frs.
Ripan  horizons serve  lo “weld” the p&owl to the surfacr  &I. They have im”
mottles and m”“gs”ese  cvncntions.  indicating (~Iternati~rg  conditions of oxi-
dartinn  nnd reduction in thm horizons.

Fm~ipnns are dense. brittle. reversibly cemented w&nil horimna (Gross-
mnn and Carlisk.  1969; Soil Survey Staff, 1975). In northern Idaho.  an else-
where, frwipans hnve  a distbwt  morpbolo~y  but a poorly nndentood  genesis.
llere they occur  in m zone  only about  20 km ride (Barker.  1981) that is ap-
proximately parallel (0 precipitation ieohyets.  temperattme  is&berms. and
nstride  a psrticular  forest  habitst tm. The steppe-foresl I ramition zone may
have  heen mincident  with the zone of fragipmw  during thv driest phases of the
lluloce”r (H.W. Smitb,pern.eommu”.. 1984 ).Thepamll~lismoftbe  fmgipa”
mne end iwlines of climate and vqetation  suggest a cn~rual relstionrhip  but
tbc nwchsnism(r)  nre unknown st thislimc.

It is the fonc~  of transition or “l&genic  lension”  lu ~ween  lbese areas nf
duminant  sail~forming  process (e.g. calcic  to argillic. &llic to frmgipan)
that have the beat potential for mcmtstructing  paleoclimntes.  Have the eli-
mntw during q&x% of soil developmtnt in lowra  been : iwilar  f”r wme or aI\



of I he p&owl  units? The1  is. for exruuplc.  have ell of the wits in I he strali-
graphic sequence of the P&use loesa formed under similar climates during
interglacial slagen  or might some of the soils have formed under very different
climeles  during glacial alages?  One way to address questions such as these
would Ir to determine whether the geographic position of the key pedogenic
trnnsition zones  stayed the name  or changed between cpiti  of soil devel-
uppment , PS rem&d in lhe pmpertieaofpaleosob  in theatratigraphic  sequence
of the Ioesa.  Two examplea  fmm the Palour  will serve lo illustrate this point.

A reconnaiue.ance  of mmkuta  acmse the zone of fmgipans showed an many
as seven  buried palmsol fragipans in vertical sequence.  with more of them
likely to be prewwd  beneath the deepest level of the madcuts.  This obwrva-
lion points lo a recurrence ecrae a narrow geogrephie  zone.  through al leas1  a
part of the Pleistocene. of n rather specitic  though unknown eel of pedogenic
or environmental conditions during episodes of soil development. A beckhoe
trmch near the townofCsrfiild.  Waahingtoncrposed  a pkosol  fragipon  nearly
20 km wed of the zone of fragipans  delincaled  during soil survey  (Barker.
1961). which would be the fragipansdevelopedduring  the Holocene. Given  the
large gradients of moisture. temperature. nnd elevation on the c~lcrn edge of
the P&use. this would represent a lnrge ehifl in the location of the steppe-
fomt boundary during al kwl one episode of ooil  development if my assump-

~ lion is correcl  that this ecological boundary is involved in the development of
_ fragipmns  in northern Idaho.  The lopographic position of the soil site new

Garfsld suggested  the pakosol fmgipan  wan near the bottom of the lass slrs-
ligraphic  section and might have represented a period of mil development dur-
ing the Middle or even Early Pkislocene. One pouibilily  is lbat this soil and
olhcrsofgresl agein theloessfonnedun&rawetterEarly  Pleialuceneclimale
lhal might have caused climatic and vegelalion  zonts  lo have been situated
fsrther to the west  than they are today.  This could have been caused by a
signilicsntly  reduced rain shadow  effect (and therefore higher precipitation)
from on ancestral Cawade  Range whose  crest hod not yet been uplifted to its
late Pleistocene and Ilolocem  elevations. or perhaps by II postulated global
secular  change from warm and moist to cookrand drier from the late Pliocene
to the presen1  w&mov. 1979.19tx).

Heconnaisssnce  of sites IIcroen the “pedocal-pedalfer”  (calcic-argillicl
boundary in the central part of the Palou* produced sequences of pnkowla
that ore transitional in character. i.e. buried profiles that have both argillic
horizons and cakic horizons. Here also. examination of exposures on both sides
01 the transition zone pmducee  crone pskosols  that appear to be anomalous in
development compared lo other soils in lhe erpoaure?l.  suggmling  limes when
critical soil-climatic boundaries had shifted significantly during development
of several  p&owls within II stratigraphic wquence.  Al present. the detailed
slraligaphii and ehrcmologii  controls me lacking and fresh modcut  l qxxwres
are generally loo infrequent lo be able lo postuloie a chmnology ol climslic

I swings in t,he I’alouse;  however. research is in progress to estnhlish  these  con-
trols (McDonnld. I~RJX?;  Nclstead.  19fl& Bu.wcc..  198%  Mcl~cmnld  and Busaccs.
l!l89), at firs1 for late Quatemsry toes%

1 P&osols in exposures in the driest  zones of the Palouse  and Scablend. such
as at Washtucnn.  are somewhat similar in their key pedogenie  feature% Ry this
I rnmn that the commonly observed  pattern is II cambii  horizon over II cakic
horimn.  e pet rocakii. or a duripan. large differencea  do exist in the degree of
dweiqunent  uf these features (Fig. 2). but these differences may be due lo
differing lengths of time of soil development M well  as differencea  in climate.
P&osols  in the lower port  of this slraligr~phi  eeclion and deep in other  8e~-
tinus  that appear  to he Middle or Early Pleistacne  generally have smaller
nccunudations  afcorbonatrs  (Fig. 2). larger nccumulnti~ms  of silica. nnd red-
der color hues then paleosola  higher in lbe neclion.  and some have cnmbic
horizons that horder on wgillic chsracter.  a few we argillic.  It cauld be spuu-
Inled.  wilhout conclusive evidence at this lime, lhal the+ae soils ala~  reflect  II
generally higher rainfall during their development ae part of a secular change
from welter to drier climate during the Qualemary. The lnck of well developed
nrgillic  horizons in any paleoaols  in the exposure at Wnshtucna.  whiih today
hna an MAP of ROO  mm. suggesta  that lbiasite has not experienced any signif-
icant periods of soil development when effective precipitation was w much as
twice what  it is today because  srgillii  borirana  would he expected lo have
formed.

Aluul nineteen paleod~ em be recognized in the 2G~m section sl Wash-
tucna based ou physical. chemical. morphological (Fig. 2) and microscopic
date;  some of the less strongly devclopcd soils have hees  ohscured  by overlap
of soil devrlopn~enl  in this episodically rising loess landscape (Busocca  and
Feldmnn.  1985).  Attempts to date lephra layers in the middle and lower part
of the Wnshlucna section (Fig. 21 and other deep cxposurer  by the tirrsion-
lmck  method have been unsuccessful (Foley. 1982;  A.J. Husaccs.  unpublished
data); neverthelew.  the exposed prt of lbe eeclion  et Washtucna  must apan
more than one million yesra  bawd on magnclosiraligraphy  and based on the
fact that  es many ns 15-35 m of lala may underlie this exposure.

The very gresl  number of peleowls in the loese  and the complex erosional
and deposilionnl histories of individual hills within the loesn  M far have
lhwnrtnl  attempt*  to establish correlations among deep expowres. For ex-
nwple. b deep exposure WAS studied sboul40 km (0 the nort hmstof Washtucna
hwsusp it was thought that the section might be mrrelative  in ewe and ae-
yumce  lo lhal al Weshtucna.  Although lhe 23-m section has about 25 buried
p&owls oi grossly similar character to those at Wasbtwna.  the entire 23-m
section is normally magnelized  (Busncea.  1989).  whereas  the Washlucna set
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tion is revencly  mnmetized  below 12 m (Fig. 2). I tentatively interpret this
entire normally mametimd  section a8 having been deposited during the
Bronhee  Normal Polarity Chmn.  At best. the section in only partially mrrel-
atiw with that at Waahtocna.  &cause  of the tymt thicknew  of normally mag-
net&d  lass at this second scction  compared to that at Washtucna.  LX further
implication is that the normally nm~ctired  part  of the Woshtocna  section
may have  subtle dixonformitiea  and that sn unknown portion of the geologic
record  may be miming  from this interval. This points forther  to the need for
caution in trying to establish correlations amone  sitea.

Greater soccess  has been obtained in younger loew  because there me more
erposumandthe~lgierrcordianotasfrcymntedasitisinol~r~s:l~s
and psleosols  that spnn  about the last ~OO.OIJO  yr hsve  been correlated among
siten  within a radius of shout 70 km amond Washtocne  (McDonald. 1997;
McDonald and Bwncca.  1987;  McDonald and Busacca.  1989). be.4 on rec.
qnizeble  pedostratigmphic  units and correlated tephras.

Clearly. based on e potential age  of I-2.000,ooO  yr and on its cxtrmrdinary
pedoatrativphic  record.  the P&use  loem must be ranked among  the most
signifiiant  deposita  for undemtandin~  the Qoatemary  of North America. but
much work remains  to bring thii record to light.

The aomewhnt  consistent diatribotions  of climstically  controlled pedogenic
featum  within loens-stmtigmphie  sntion8  (based on reconnaissance obser-
vations 1 st sites acrom  the region eqgeste  to me not that the Pafoowr  csesped
aevere  chanw  in climate during the Pleistocene. but rather that many of the
epiwwlee  of &I dwelopment  may have taken place during II consistent part of
each  glacial-interglacial climatic cyck. If thii is true. one of the key qumtions
hecvmes:  which pert of each cycle  experienced stable landscapes. low mtn of
low3  deposition. and soil development.

I acknowledge the grant support ofthe  National Science Foondation  (EAR
8818909and  EAR87075271.  ThanksgotoShsmn  Feldman and Monica En&.
rho snalyzed  the sampks  fmm the Wsahtucna  roodcut  Eric McDonald. Henry
W. Smith and Sharon Feldman have  been valoed  comrken  sod much of any
success  in doe to their efforts. Tlmnk you aleo to the USDA Soil Conservation
Sewice  for the analyses of the Oliphant and Thatuna  pedons.

This work  forma seientifii  paper number 8901-30  of the Department of
Avonomy and Soils. Washington  State University.





Soil-Plant Community Relationships in the Selkirk Mountains of
Northern Idaho

Introduction

Inwrelalionships hklwen soils  and IhP vegelation

Ihe! support are oftrn  obspr\ed by field soil s&v-

lists and plant erolo$~. In recognizing  ~hc claw

relationship bctwwn plans communities and soil-

forming processes. Jenny (1911) included organ-

isms (primarily vegetalion)  as one of the live suil-

forming  iac~ors in hi- n.idely used modrl of soil

genesis. Major (I 951 b used a similar se, of in-

dependent variables  IO define a climax plant com-
rnunily.  Thus soil- and clima\ plam communifies

c a n  bolh be lhouphl  of as produes  o’f \he samr

set of environmental \ariabl~.s-clima\e. organisms.

relief. pawn\ material. and time- and an inwr-

dependence there& ais& between a sp4Iic  soil
body and iLs climax vegelalion  (Hironaka c( ol.

1991). Considerable research in forests and range-

lands of the western  U.S. has been direrled a~ iden-

t i f y i n g  a n d  ewn atlempline  IU quamif!  Ihr

relationships befwen soils and IhP naliw climax

communi&s Ihey supper!  lDaubenmire  1 9 7 0 :
Steel? CL ol. 198 1: Hironaka er al. 1983: T&d&

and Bramble-tlrodahl  1983: Cooper e/ al. 1991 I.



high-eletaion  environmems  are not utilized by Soil
Taxonomy for classification purposes. Neiman
(1986) examined 89 forested sites  throughout
northern  Idaho and found liltle quantitative rela-
tionship between h.t.‘s and soil physical proper-
ties and wonomic classes. These studies suggest
that within some environmenml  settings.  soil clas-
sificaGon  does not emphzxize  or consider charac-
lerisfics thal are important lo Ihe distribution of
plant communilier.  Furthermore. Hironaka et al.
(1991) have cautioned that a~ any scale beyond
a very localized application. a universal correla-
tion does not  exist  beween  soil properties and
vegetation altribures.

In nonhern  Idaho. volcanic ash has had a sig-
niticanl impact on many soil properties and is be-
lieved to strongly influence Ihe distribution of
vegetation  (S&e CI al. 1981). Recem changes in
Soil Taxonomy (Soil Survey Stall 1975) have
placed more importance on the unique properiies
of ash-influenced soils. Once ash has been
deposited across a region, it is exposed 10 various
soil weathering environmenrs  and surficial
processes such as erosion. As a resuh.  Ihe impact
of the ash on soil properties may be quite variable
*ithin  a relalively  small  geographic region. Accord-
ingly. the Andisol order has been added along with
Andic  and Vitraodic  intergrades  of other orders
10 beuer  reflect a range  in ash-influenced soil
proper&s (Soil Survey Slaff  1992).

Given the importance of volcanic ash as a soil
parent  material in many forested areas of Ihe Pa-
cific Northwest and the increased laxonomie  sen-
siGvity  10 ash-influenced soils, the objective of this
study is lo illuslraw  some of the inlerrelalionships
that  exist  belween  soils and plan! rommunilies  in
this  region. SpecificaLly.  this paper compares Ihe
pro&es  and classification  of soils and vege(alion
along a south-facing elevational  Kradient  in ihe
Selkirk Mountains of northern Idaho.

Methods And Materials

Study Area

The study  area is localed  in Ihe Trout  Creek drain-
age of the Selkirk Moumains  in northern Idaho
(Figure 1). Trout  Creek flows from Pyramid Lake
to the Koo\enai  River, dropping approximawly
1300 m in elevation over a distance  0120 km. The
general lopography  of the drainage becomes
sleeper  a~ lower elevaGons  as Trout Creek has in-
cised more deeply into  Ihe underlying subswale.
Two  conwaing geologic substrates occur  in this

area of the Selkirks  S~wply  dipping Precambrian
me~asedimen~s  flank the range on Ihe east  side and
granilic  rocks of the Kaniksu Batholith make up
Ihe core  ofthe  range (Connrrs  19761. Pleirmcrne
glacial deposits overlie both subwales  and thus
con&we one of Ihe major soil parenl  maerials
oflhe area. During Ihe Holocene.  large quanUies
of volcanic ash from the ca~lysmic erupGon  01
Mount Mazama  (approtima~ely  6700.6800 yn BP)
were deposited throughoul  Ihe region (Fry&l
1965: Fosberg CI al. 1979; Bacon 1983). Some
of this ash has been retained  in modern soils ei-
ther as a r&ively  undisturbed surf&d  ma& or
as a n  admixlure  with coarser-textured  granilic
male&&.  The 1800 AD eruption  of Mount SJ.  He-
lens added an additional l-3 cm of ash (Layer  TI
10 many soils of Ihe area (Smith et al. 1968:
Okazaki  el al. 1972: Smilh  et al. 19i5;  !&direau
1986). This thin ash layer has been presened  in
many ofthe  soils, indialing relatively lisle  surface
disturbance has mken  place over the pas,  200 yrs.
Ash from Ihe 1980 Mount Sk.  Helens eruption ~a5
no,  observed in Ihis area.

The climatic regime of the Truu~  Creek area
is an inland expression of Ihe Pacilir  Coanl  mari-
time climate. The closest weather slatioo  is localed
approximately 1 I km south  of Ihr stud! area al
1677  m elevation.  Data  from this staiotl  indiratr
annual prrcipiMon  averages 1180 mm and mean
annual air lrmperalure is 2.6Y (Cooper  CI al.
1991). Along the Trouf  Creek ele\afional  gradient.
precipitation is eslimaled  lo range from 560 10
2000 mm and falls primarily in ttrr spring. f.4.
and Gnter ~Houston  1988). Summer+  are grwr.
ally warm  and dry.

Sludy sites within  Ihe Trout  Crrek drainapr
were selected 10 represcnl  the variation ill soils and
habitat l.cpes  observed along ele~aGooal  gradients
in this part of the Selkirk Mounlaini.  Sites chosen
for sampling were  restricted  IU ihosr  having  ma.
IUW vegemlion  s t a n d s  Ihal wre relatively  un.
dislurbed  by logging or  fire. Of the 30 sites
sampled and described by Howon ( 1988). we will
repor, data from four siles  which collec~ivcly  en-
compass the range in observed soil charac\crisGcs
and pole&al  climax plan! communities (Figure 1).
AU four sites are located on south.fariop.  rrlakly
stable ridge slopes.

SOlIS

Within  each olthe climax plans  communities. soils
were examined using road cuts and shallow
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Site 101 Site 104 Site 107 Site 112

m  altered glacial drifl

&j relalively  unallrred  glacial drift

migration ol organic and inorganic metal corn.
plC&

The Site 112 soil is thp most strongly  arid and

contains the largesl quantities oforganic  rna~r or
any of the soils in this study (Table 21. NaF pH
values > 10. high P retenlion. and comparatively
high glass contents  in the very tine sand lractions
all indicate a strong volcanic ash influence and re-
sub in classification of this Haplocryod  as an An-

die intergrade. Relatively  l a r g e  q u a n t i t i e s  cd
oxalate-extractable Fe and Al in Ihe 6s horizons
reflect  the great intensity of weathering and pod-
zolizalion  processes in this soil  compared to thus?
al the other sites.

Site 1Oi is located on a 35%# slope at an ele-
vation ol 1450 m.  Vegetat ion fils the T. hefern-

ph&-Clinronia unr$7ora  (queencup  beadlily) h.t..
Clinronio  un~JIora phase. The presence ol Abieb
lariocorpa a n d  Pireo engelmonnii  (Engelmann
spruce) at this site suggest  it occupies the cooler.
moister end of Ihe T. hmrophph?lla  series. The soil

has formed in similar parent materials 10 those 81
Site 112. as high NaF pH values. high P reten.
fian. and comparatively high glass conwn~  all in-
dicate a song volcanic ash influence (Figure 3.

Table 21. Th? major morphological difference is
that podzolizalion  processrs have not been sulli.
cient 10 produce an E-Rs horizon sequence. The

Rw h o r i z o n s  do. howwr. rrhihit  suffiriem de
velopment  IU meet the rrquirements  of a rambic

I
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I
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SM II2 medtal uw loam!.slrfctaf  Andic Haplw~od
oi. Or 5.0
C O-f 2~5Y 51.2 IOYR :,2  1% Hclcnr T &
E 1-6 IOIA 47 IOYR 6!, x3 56.2 5~5 3.7 7.3 a
Brl 6-13 7.5YR  4'S IOYR 515 39.3 54.5 6.2 4.7 10.8 4~2
il.2 13-29 7.5YR  4!5 IOYR 6:5 39.1 55.6 5.4 54 10~9 2,7
Br3 29-62 IOYR 4;s IOYR 615 45.0 51,O 4,O 5.2 IO,8 1.4
2RC 62-83 2.51~414 2.51'714 51~7 45,I 3,2 5.3 10.6 0.7
2Cd 83.95+ 2.5Y 4!2 2.5Y 5i2 680 29.3 2,: 4.9 10.3 0.6

Stlc 107 ah! over sand!.slrfc~al.  mixed Typic Vitrirgand

oi. oc 5.0
C O-1 2.5Y 5i2 IOYR 712 ,SI~  ficlrns  T rrhl
A 1-S 7.5YR 3;4 IOYR 4i4 63,8 31.0 4.1  5.0 10.4 2.9
8.1 S-18 7.5YR 314 IOYR 414 62,O 34.6 3,s 5~2 10~6 2,a
R.2 18~30 IOj~R 3!5 IOYR 5'5 65.6 31.2 3~1 5.2 10.5 1.8

__R__

20. I <0.1 0.1 38
96.4 1.3 2,l 24
95.9 0.i 1.8 28
86.6 0.5 1.2 22
553 0.2 0~6 2
30.5 0.1 0.3 I

54,2
70~9
64.1
62.8
23 8
,;,i

0,s 12 31
0,6 1.S 32
04 I.4 32
0.4 1~4 3:
0.2 O,Q 4
0.1 01 0

Steep slopes and greater suscepribilil>~ tu 17rt

and subsequen:  erosion associated with Ihis drier

site may have resulted in removal of.much  of the

volcanic ash. There is only moderaw ash influrnre

on this coarse-tcxtured  soil as evidenced by inter-

mediate NaF pH values. Iw P retention. and small

quantik  of glars in the ver) fine sand fraction.

resulting in classification ai a Vilrandic  Lidonhenl.

This classification indicates the soil has some of

the characteristics associated with volcanic ash.

derived soils, but they  are too weakly rxpresaed

for inclusion in the Andisol  order ISoil  Sune! Staff
19921. D~rlopmrnt  ol Bw horizons we& in clan

s&cation  a~ rilhrr  an Enlisol  or Inc~p~isol.  depend-



examined in this study. There is also suffwient  B
horizon development IO meet  the requirements for
a cambic  horizon. resulting in placement of the soil

into the fncepfisol  order. There is little or no WI-
canic  ash influence and the soil is therefore classi-
fied as a Typic (rather than Andic or Vitrandic)
Xerochrept  (Soil  Survey Staff 1992). Throughout
this region. it has been observed that Mazama  ash
is usually absent in soils associated with Douglas-

fir h.t.‘s (Barker 1981: Weisel 19821.  During the
warmer. drier conditions that existed at the time
of the cataclysmic eruption of MI. Mazama. lhese

sites most likely did not have sufficient canopy
cover to prevent erosion of the ash that prrsuma-
bly was deposited uniformly throughoul  Ihe area.

Conclusions

In the Trout Creek drainage of northern Idaho.
Spodosols formed in volcanic ash are associated
with the A. lasiocarpa  series a~ \he higher eleva.

tions. Class&cation of these soils is determined by
the albic-spodic horizon sequence. These soils are
also classified as intergrades  to the Andisol  order
because olthe strong volcanic ash influence. Hab-

itat types of the T. herrroph)lla  series  occupy lhe
middle elevations. Andisols are the dominant soils
at the moister and cooler end oi this IO~P. A! the

warmer, drier end of the weswrn  hemlock zone.
there has been less influence ol volcanic ash on
soil properties. Accordingly. soils are classified as
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‘ECOSYSTEM MANAGEMENT: PRINCIPLES AND APPUCATtONS
John A. Nesser

Correlator, Northern Region, USDA-Forest Service

Ecosystem management involves the maintenance of sustainable ecosystems while providing for a wider
array of uses, values, products, and services from the land to an increasingfy diverse public (Overbay,  1992).

Overbay (1992) proposes that the following principles be used to describe the initial components of ecosys-
tem management:

. Multiple-use, sustained-yield management of lands and resources depends on sustaining the
diversity and productivi of ecosystems at many geographic scales.

. The natural dynamics and complexity of ecosystems means that conditions are not perfectly
predictable and that any ecosystem offers many options for uses, values, products, and services,
which can change over time.

. Descriptions of desired condnions  for ecosystems at various geographic scales should integrate
ecological, economic, and social considerations into practical statements that can guide manage-
ment activities.

. Ecosystem connections at various scales and across ownerships make coordination of goals and
plans for certain resources essential to success.

. Ecological classifications. inventories, data management, and analysis tools should be integrated
to support integrated management of lands and resources.

. Monitoring and research should be integrated with management to continually improve the scien-
tific basis of ecosystem management.

Land Evrluatlon

Ecological land units (EL&) are based on ecosystem components which do not change readily following
management. These components include landform, geology and macro climate. Ecological land units are
basic, bio-physical units which delineate similar landscapes with respect to ecosystem function, composition
and structure. They may be delineated at dierent scales dependent on analysis  needs. As an example,
geology may be important in characterizing landscapes at the Ecoregion scale while soils may be more
appropriate aqhe  plot level. Ecological land units also provide the basic biophysical template for interpreta-
tion of ecosystem processes such as fire regimes, historic  vegetation patterns and succession, hydrologic
function, and habitat  relationships. Ecological land units also serve as a template for interpreting change in
those ecosystem components that display great temporal variability such as existing vegetation and wildlife
populations.

The effects of management practices can be assessed by contrasting the existing condition of a site to other
managed or unmanaged sites that occur on the same ecological land unit. The  dflerences  observed are then
attributable to management, not site variability.

93



EM Framework

The following steps describe how the land evaluation process may be used to achieve ecosystem manage-
ment:

.

.

Determine the desires and requirements of people who will be influenced by the planning outcome.

Describe the ecological potential d the land for meeting stated societal needs. Such de-scriptlons
must include a description of the range of conditions required to malntain long-term system
sustainability, a description of current condiiions, and a description of desired landscape condi-
tions that achieve societal needs.

lf desired landscape conditions fall outside the range of conditions required for long-term system
sustainability, inform the people who will be affected. Public awareness of ecosystem potential ls
critical In developing achievable ‘desired future condition’ strategies for land management. Public
desires are refined through this process, based on an understanding of sustainable ecosystem
criteria.

Once a socially acceptable, sustainable vision of the landscape is achieved, if is then contrasted
against available technology to determine if it can be implemented. For example, in many instances
the desired landscape condition may dtfer from existing conditions. In these situations, factors
such as system design and equipment availabilii must be considered to determine if k is techno-
logicalfy  feasible to move the existing landscape to some desired set of conditions.

Determine what parts of the stated human desires can be fulfilled g’Nen  economic factors. lf
resources (economic and technological) are not available to construct the desired landscape, the
public should be notified and altemathe strategies developed. In most situations, short-term
economic reasoning and large management fmpacts contribute to situations that violate land
ecological and human vafues.  Accordingly, they should be avoided in the development of strate-
gies for ecosystem management.

These steps refine human desires baaed on land ecology, technology, and economic considerations. Such
refinement requires that the public be informed of land evaluation findings and that public opinion be solicited
throughout the process. The maintenance of sustainable ecosystems (as a basic tenent of ecosystem
management) requires constant public input; however, ecosystems (in and of themselves) do not require
management, The ability of our planet to sustain  ftseif  through periods of major climate change (glaclatlon),
tectonic activity,  and other disturbance events (biblical ftoods)  indicates that the earth fs quite capable of
maintaining ltsell  without our assistance. Instead, we manage ecosystems to ensure that desires and
requirements of people are met now and In the future. Managers must understand the ecological potential
and interactions of the land lf they are to provide sustainable ecosystems for future generations.

LandacaPe Ecoloav Prlnclplea

ment are summarized below:

. Hierarchy theory-the development and organization of landscape patterns (e.g., vegetation corn
munities)  is best understood in the context of spatial and temporal hierarchies. Disturbance events
that maintain landscape patterns and ecosystem sustainabllii  are also spatlaf-temporal  scale
dependent phenomena Acknowledgment of these facts is critical to the development d manage
ment strategies for ecosystem sustafnabilky.  Applying  these prtnciples  requires that land evalua-
tion be conducted at multiple scales of ecological description rather than at traditional detailed
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scales such as stands or stream reaches. The temporal variabilii (e.g., vegetation succession
dynamics) of landscapes also needs to be addressed in land evaluation.

Natural variability-all ecosystems vary across time and space, even wkhout  human influence.
Knowledge of this variability Is extremety  useful in determining fl the current condirion  of a land-
scape is sustainable given historic pattern and process criteria. Descriptions of historic landscape
disturbance regimes (e.g., fire magnitude and frequency) and the ecosystem component patterns
they malntained (e.g., vegetation composkion)  provide an initial  template for assessing ecosystem
health. Such descriptions are useful in broad-level resource ana@es  of risk as well as k-r more
detailed Identification of watershed restoration treatment needs. These descriptions also provide
information for forest plan fmplemenation  and monitoring.

. Coarse-fifter  conservation strategy--the conservation of diiersfty  (e.g., species, ecosystem pro
cesses, and landscape patterns) is the prtmary  method for maintalning the resilience and produc-
tivity (health)  of ecological systems. Traditional approaches to conserving diversity have relied on
a species-by-species approach (i.e.. fine filter) which emphasized maintaining habitat for threat-
ened, endangered, and senskive  species. A more proactive approach to species conservation is
the ‘coarse-fitter’ approach to biodiversity  maintenance. This approach assumes that if landscape
patterns and process (similar to those that species evolved with) are maintained, then the tull
complement of species will persist and biodiversity will be maintained. Application of this concept
requires an understanding of the natural variability of landscape patterns and processes. Land-
scape ecology principles provide this understanding and are the foundation for experiments in
ecosystem management. Such experiments are effect’hrety  implemented through an adaptive
management approach to land management.

Summary

Ecosystem management may be implemented through the current planning process and should
consider management strategies based on various scales as appropriate to the analysis.

Landscape ecology and conservation biology principles provide a framework for our ecosystem
management philosophy which is an experiment and should be implemented based on adaptive
management concepts.

Bourgeron, P.S.; Jensen, M.E. 1993. An oveffl&v of ecologlcal  principles for ecosystem manage-
ment. In: Jensen, ME.;  Bourgeron, P.S., eds.  Eastslde  Forest Ecosystem Health Assessment-Vol.
II: Ecosystem Management: principles and applications. Portland, OR: U.S. Depanment  of Agrfcul-
ture,  Forest Service, Pacific Northwest Research Station.

Jensen, ME.;  Everett, R. 1993. An overview of ecosystem management principles, In: Jensen,
ME.;  Bourgeron, P.S., eds. Eastside  Forest Ecosystem heakh Assessment-Vol. II: Ecosystem
management: principles and applications. Ponland,  OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station.



SOIL RELATIONSHIPS TO ECOSYSTEH  HANACEKENT

Robert T. Meurissel

I. INTRODUCTION

A. Our dilemma is one of communicating knowledge and ideas about complex
systems. Questions needing answers are: What are ecosystems? What is
ecosystem management? what is soil?

B. Objectives:

1. Review concepts of Ecology, Ecosystems and Soil
2. Describe and discuss some Principles of Ecosystem Management
3. Describe a “Model” of Soil Science-Unifying Concepts
4. Issue some challenges to Soil Scientists

II. SOME CONCEPTS ABOUT ECOLOGY, ECOSYSTEMS AND SOIL

A. Concepts of Ecology and Ecosystems:

Ecology: The science that deals with the interrelations of organisms
and their environment. (Glossary of Science Terms, Soil Science Sot.
Amer. 1975) Term coined by Ernst Haeckel,  German biologist, circa
1866.

Ecosystem: Any unit including all of the organisms (i.e., the
“community) in a given area interacting with the physical environment
so that a flow of energy leads to a clearly defined trophic  structure,
biotic diversity, and material cycles within the system. (E.P. Odum,
1971) Term proposed by A.C. Tansley, British Ecologist, 1935.

While ecology is literaly the study of organisms at home, for many people, the
focus has been on the organisms themselves. But, it is clear that the emphasis
needs to be on the relationship of organisms with their environment, especailly
the soil. From the definitions, the concept of ecosystems rest on the
following: The importance of spatial and temporal scales; material cycles;
energy flows: dynamic interactions and connectivities, and the interaction of
organisms with their environment.

B. Concepts of Soil: Humans have a natural affinity to the soil as a
result of the long history of tilling it for growing food and fiber, But
soil is more than a medium for plant growth. Soil genesis, hence pedology,
gained a prominent place when Jenny (1941) published his classical work on
the factors of soil formation. Where: Soil- f(climate,  parent material,
organisms, relief, time). This concept can also be expressed as state
variables, where, given certain state factors, predictions about soil can
be generated as a function of another variable. For example, soil-
f(Climate)

pm, 0, r, t

Regional Soil Scientist, Pacific Northwest Region, USDA Forest Service
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Soil also is an open system, where energy and material moves into, within
and through it. Some examples are: gains and losses of water: biocycling of
materials; erosion and deposition; and leaching losses.

C. Ecosystem function is an important concept that inixtricably links soil
with the notion of ecosystems. It is exemplified in the concept of
bioenergetics and cycles where soil plays a crucial role in regulating
ecosystem composition, structure and function. ~A graphic illustration is
provided by Richards (1987).

Soil plays an important role in the regulation of the type and magnitude of
producers, the storage of potential energy as organic carbon or inorganic
nutrients, and the decomposers that are largely soil organisms. Soil
organisms are important not only for their functional roles in carbon and
nutrient cycling, but they represent a major portion of the earth’s
biodiversity. We need to know more about the population of organisms,
their functions, fluxes with management, and distribution in soils.

Soil biota exhibit wide diversity. For example, soil meso fauna in a cool
temperate grassland have a wide range of population densities. They range
from several hundreds of ant? to many thousands of mites and springtails to
more than millions per meter of nematods  (Richards, 1987.)

III. ECOSYSTEM MANAGEMENT PRINCIPLES (Following are six principles developed by
the Forest Service and are elaborated on in the proceedings from a
national workshop in 1992, “Taking an Ecological Approach to Management.”
However, the principles are applicable elsewhere)

A. Manage  for Sustainability of Ecosystems:
Sustain vitality, productivity and diversity of ecosystems.
Sustainability is a function of bio-physical, economic and
social -pol i t ical  interact ions.

B. Ecosystems are Dynamic, Complex and Have Multiple Options:
They are shaped by pertubations from fire, wind, floods, insects,
pathogens, volcanoes, glaciers, and human activities.
They have various opportunities and limitations based on capabilities
and resi l iencies .
Some, such as wetlands and riparian systems have disproportionate
importance to their size and extent.

C. A Desired Future Condition Expresses Integrated and Pragmatic Ideas
about Ecosystems:

Resource plans establish direction.
Management prescriptions must be based on physical and biological
capabilities of the land.
DFC’s  are described in terms of composition, structure and patterns of
important ecosystems/components.

‘.Q 7
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D. Ecosystems ars Connacted at Various Scaler:
Ecosystems occur at various scales and cross ownership boundaries.
Consider linkages among terrestrial, riparian and aquatic ecosystems.
Analyses must consider spatial and temporal scales for direct,
indirect and cumulative effects.

E. Planning and Management Utilizes Integrated Data:
Classify, map, inventory, and analyze both abiotic  and biotic
components at various &ales.
Integrate components for “holistic” view.
Spatial analysis (GIS) and data management systems are essential
tools,

F. Integrated Eonitoring  and Research Provide a Science Base:
Research must be interdisciplinary, long-term and focus on system
function/processes.
Adaptive management is based on scientific knowledge and new
technologies.
Monitoring must be integrated and assess progress toward the Desired
Future Condition.

It is clear that the relationship between soil and ecosystem management is a
necessary and dependent one. An understanding of the nature and properties of
soils is essential for determining the composition, structure and function o f
ecossytems. Interpreting capabilities, suitabilities and resiliency of the
soil is fundamental to ecosystem management. The National Cooperative Soil
Survey is in a unique position because of its extensive, standardized data base
that crosses agency and political boundaries throughout the United States. The
soil surevy also provides a critical scientific basis for ecosystem management.
This interagency data set will be invaluable for implementing ecosystem
management.

Soil maps, derived from in-place sampling, are important tools for assessing
landscape characteristics in terms of pattern, composition, structure, and
function of ecosystems. Natural soil-landform bodies portray characteristic
shapes and patterns that allow for analysis of ecosystem processes at a
landscape level. We need to ask ourselves how well we characterize these
patterns and shapes of natural bodies. Can we improve our analysis of them? I
think we can.
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IV. AN INTEGRATED MODEL OF SOIL SCIENCE-UNIFYING CONCEPTS

Heurisse and Lammers (1993) described a framework of five models for
communication and understanding knowledge of the complexfty  of the soil
system. These  models, or viewpoints, are a basis from which we examine a
pool of facts, formulate and test hypotheses, and make interpretations.
They are not mutually exclusive or independent from each other. An
illustration of these models follows.

ECOSYSTEM OR COMPONENT J-x WATER-TRANSMITTING MANTLE
o Dynamic in teract ions/ ra tes  of change 0 Hovement/storane of wster/eneravI_
o Nutrient cycles/transport processes o Soil physical properties
o Decomposition/Trophic  relations o Erosion processes
o Environmental filte o Pedotransfer func ions
o Time scale 10 to 10 'i yrs. o Time scale 10 to 10 5

'~~~~~~~

yrs.

MEDIUM FOR PLANT GROWTH ' 7 STRUCTURAL MATERIAL
o Available moisture/nutrients/heat o Mechanical properties
o Aeration/anchorage (strength/plasticity)
o Plant physiology o Drainage/porosity
o Response to managemfjnt
o Time scale 10 to 10 yrs.

o Conductivity--hea~/water/energy
o Time scale 10 to 10 yrs.

The model should be viewed as a means of integrating multiple aspects of
soil science. It also needs to consider the various technologies and tools
for analysis and interpretation for each of the individual models. Soil
science teaching, research, extension, and management prescriptions need to
be structured to incorporate these or similar models.
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V. SUMMARY AND CONCLUDING CHALLENGES FOR NCSS SOIL SCIENTISTS (To implement
ecosystem management principles)

It seems clear that the soil is is not only a component of ecosystems, but are
ecosystems in themselves. Thus, the role of soil and soil scientists in
ecosystem management is integral to implementing the basic principles as
described above. In order to provide for a sustainable planet, society must
have access to timely and accurate soil information in a readily accessible
form. I suggest the following challenges as a means to success:

A. Wisely use technology: to enhance data and information analysis,
interpretation, and availability at multiple spatial scales.

B. Enhance mapping unit characterization by strengthening: multi-factor
composition, component variability, and soilscape patterns.

C. Increase understanding of soil organisms--their distribution,
populations and functional roles,

D. Improve characterization of: soil processes, and magnitude and rates of
change of carbon, and nutrient pools, and hydrologic processes.

E. Develop criteria, test them, and rate soils for their resiliency to
specific management impacts.

References cited

Jenny, H. 1941. Factors of Soil Formation: A system of quantitative pedology.
McGraw  Hill Book Coompany.  New York, NY. 281 pp., illus.

Meurisse, R.T. and D.A. Lammers.  1983. Use of Soil Survey Information for
Management of National Forests and grasslands. In: Proceedings of the Eighth
International Soil Management Workshop: Utilization of Soil Survey Information
for Sustainable Land Use. J.H. Kimble, ed. USDA, Soil Conservation Service,
National Soil Survey Cneter.

Richards, B.N. 1987. The Microbiology of Terrestrial Ecosystems. Longman
Scientific and Technical, Longman  Group UK Limited. John Wiley and Sons, Inc.
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Western/Midwestern Regional Cooperative
Soil Survey Conference

Coeur d’Alene, Idaho
June 12-17, 1994

Ecosystem Basis for Soil Surve$’

The Steering Team for this joint Western-Midwestern Regional National Cooperative
Soil Survey Conference has developed a timely and excellent agenda. I om  pleased
to address some of the positive issues pertaining to the increased interest and
demand to utilize the concepts of ecosystem in our preparation and use of soil
surveys.

This morning I would like to share with you some of the guides in the nsw Soil
Survey Manual pertaining to doing business according to ecosystems, review some
current activities being driven by the ecosystem approach by the agencies with .
which we are employed and discuss current trends and ectivities toward e
coordinated ecosystem soil survey.

Collectively, as we look across the United States, Alaska, Hawaii, and Puerto Rico,
the members of the National Cooperative Soil Survey have a responsibility to
prepare soil surveys for a diversity of landscapes and user demands.

The “Soil Survey Manual’, one of our long-awaited documents concerning the
preparation of soil surveys, has recently been released. This is the third revision of
our guide for making soil surveys. I have taken the opportunity to carefully review
several sections in this manual. Even though this manual does not discuss
ecosystems as such, many of the principles end techniques included in this manual
on how we make and interpret soil maps are based on principles of ecosystems.

The term “Soil Survey” as defined by the Soil Survey Manual, refers to the National
Cooperative Soil Survey. Thus, this document provides a common source of
information and guidance on how we go about our business of making soil surveys.

A review of a few basic concepts end definitions as stated in the new Soil Survey
Manual which have bearing on the ecosystem approach to soil survey are
appropriate. Soil is defined as ‘all natural bodies that contain living matter and are
capable of supporting plants.” The knowledge of soils at the end of the nineteenth
century was gained from 1) farming, 2) agricultural chemistry, 3) biology, and 4)
geology. The first soil surveys in the United Stetes  were made in different parts of
the country to test the proposed mapping technologies and applicability for use.
These surveys, in Pecos Velley, New Mexico; Selt Leke City, Utah; Connecticut
Valley, Connecticut; end Cecil County, Maryland, provided our first look at a long
line of soil surveys mapped and published by the United States Department of
Agriculture.

I/ Jim Culver, Assistant Director of Soil Survey Division, SCS-USDA



In a sense most of the early soil surveys indirectly observed and used many of the
current principles of the ecosystem soil survey. An observation mad8 in the 1904
Tama County, Iowa Soil Survey is illustrated in the Soil Survey Manual. It was
recorded the soils formed under forest were contrasting different then soils formed
under grass even through the parent material was similar.

Hans Jenny’s “Factors of Soil Formation,’ as applicable to making Soil maps, is
discussed. The formation of the soils is treated as an aggregate of several
interrelated  processes, such 8s physical  processes, chemical processes, and
biological processes. There are several references on the importance of the
correlations between vegetation and soils in making quality maps. Vegetation is
closely related to the soil and its genesis. The three main relationships discussed
are a better understanding of soil genesis, assistance in recognizing soil boundaries,
end assistance in predicting from soil maps ebout the kind and amount of
vegetation produced.

The Soil Survey Manual contains 8 number of comments on how wa make soil
maps, and the skills of the soil scientists, which utilize the ecosystem principles.
Soil mapping iS 8 technical art! It requires 8 sound traininp in soil science with 8
familiarity of the earth science principles.

A skilled soil scientist who makes a quality ecosystem soil map is one who

-- is a perceptive observer

-- understands significance of t8ndSC8p8S

-- is able to visualize the pattern of the soils

__ is able to associate sets of landscape features with sets of internal soil properties

-- is able to abstract the essential pattern of the soil

-- is able to express soil patterns and relationships on 8 map

-- strives for accuracy

-- is truthful about reliability of the maps.

Some of the consideration the soil scientist uses in making a ecosystem map are:

-- looks ahead on the projected route or traverse and predicts the kinds of soils on
the landscape 8h88d

- observes breaks in slope gradient

-- notes change in landscape, i.e. change in convex to conceve slope configuration

__ observes any change  in kind or vigor of vegetation

-. makes a view of landscape from a new vantage point.
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Tardy, a Botanist in 1935, defined the concept of Ecosystem as en epgregate  of
plants, enimsls, microbes, plus the environment in which they live.

Within the past few years several Federal agencies have developed pdicies and
have an increased awareness towsrd an ecosystem approach. The Soil
Conservation Service integration of soil, water, air, plants and animals (SWAPA)
approach has evolved into the current ecosystem-based essistance  concept. The
Forest Service, in their “National Hierarchical Framework of Ecdogicel Units,’ gives
priority to the fectors  of climate, physiography, water, soils, air, hydrdogy, and
potential natural communities. The Bureau of Land Management tBLMI  has
prepared some excellent documents on the importance of identifying and mapping
riparian ereas.

The principles of these systems have much in common with the discussion given in
the ‘Factors of Soil Formation’ section included in most of our published soil
surveys. These factors are parent material, climate, plant end animal life, relief,
and time.

Current m vrtv end ti rends toward ep

A number of major soil survey activities are directed toward using ecosystem
principles in making and maintaining quality soil surveys. Some highlights are:

-- doing e project soil survey based on a major land resource area or physiogrsphic
area rather than by strict political boundaries. The concept of soil surveys by Major
Land Resource Area (MLRA)  is now included in the National Soil Survey Hsndbook.
All updates or maintenance soil survey projects now require that work on them be
done by MLRA or its equivalent physiographic area. Presently, there is some level
of update maintenance for 60 MLRAs,  and 12 have been approved by the Director
of the Soil Survey Division.

- proposals have been put forth to fund soil survey projects by physiographic or
major land resource areas instead of by traditional state area.

- techniques have been developed and are being tested to map riparian areas as
part of soil survey field operations.

-- develop a national strategy for Soil Conservation Service, Forest Service, and
Bureau of Land Management to collectively agree on one common eco-mapping
scheme and one given scale -the suggested scale is between 1:2,500,000  end
1:7,500,000.  The Environmental Protection Agency and National Biologicel Survey
(NBS)) have also been invited to join in this endeavor.

__ increase interest in temporal soil properties. Bob Grossman. research soil
scientist, NSSC, hes developed a number of field techniques to measure and
evaluate temporal soil properties.

-- greater concern in soil mapping and soil correlation procedures. Examples include
wetlands and hydric soil indicators, emendments in Soil Taxonomy comPlementhI
ecosystem soil surveys, broader options to separete  map units that are distinctly



different for some uses or potential future uses, i.e. similar or the same tsxonomic
pedons on uplands and terrace landscapes need to be separate map units.

Several models on how we view soil science have been proposed over the years.
An excellent brief summary of five models is included in ‘Use of Soil Survey
information for Man

3
ement of Natural Forest and Grasslands” by R. T.

$
eurisse

and D. A. Lammers. One of the references in these concepts is Clin , who was
the original principal author of the Soil Survey Manual. I hold the opinion that en
ecosystem-based soil survey is en integration of these five soil science models. A
brief overview of each model is es follows:

Soil es e natural erea.

- Pedon

-- Classification

- Spatial variability

Soil as a medium for plant growth.

-- Agronomy

-- Forage

- Forest

Soil as an ecosystem or ecosystem component.

-- Nutrient cycles

- Energy flows

-- Organisms

Soil es e vegetated water-transmitting mantle.

-- Hydrologic cycle

Physical properties.

- Vegetation

Soil as a structural material.

-- Soil strength end plasticity

-- Liquid and plastic limits

-- Porosity

21 R. T. Meurisse end D. A. Lammers. 1992. Use of Soil Survey Information for
Management of National Forests end Grasslands.
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a/ Cline, M. G., 1961. The Changing Model of Soil Science. Soil Sci. Sot. Amer.
Proc. 26: 442-446

The Federal Geographic Data Committee provides national oversight in terms of
consistent definitions of data elements, a control base map, etc. for effective use in
a Geographic Information System. The Soil Conservation Service for the soil data
layer, while the Forest Service has responsibility for the land use data.

We will collectively plan future strategies for quality ecosystem soil surveys. As
one looks et the cover of some recent soil surveys, it is apparent that, outwardly,
our products will take on e different look. At the same time, we must ensure that
the soil map we prepare adequately documents the special and attribute data that
records the ectual  observed, measured, and inferred properties we know about each
soil map unit we design.

I am excited. There is a tremendous interdisciplinary opportunity to improve our
capacity to provide our users quality soil information in e wide variety of
presentations.

lo 5’
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An Integrated Landscape Resource
Analysis Approach to

Comprehensive Watershed Management
By Alan E. Amen, Jacek Blasczpski,  Jim Harte,  and Dick Page,

Bureau of land Management

ABSTRACT-TheBureauofLandManage- resource analysis approach. Digital soil maps
ment is using Geographic Information System are interpreted for the parameters of precipita-
(GIS) analytical techniques to assist with the tion, soil salinity, soil hydrologic groups ,

developmentofcomprehensivewatershed and presence or absence of vari-
management planning on rangeland ous percentages and sizes of
and wildlands. The Sagers Wash coarse fragments on the sur-
Watershed near Moab. Utah, face and other interpreta-
has been proposed as a proto- [ions. Overlays are made
type watershed for the reduc- for the various data themes
tion ofsalt input intoColorado and analyzed to produce a
River. Soil erosion prediction treatmentopportunitiesmap
(using the RUSLE/GIS  inter- showing areas appropriate
face), sediment yield, and salt for various erosion control
input are being modeled under and grazing management
various erosion control and practices, that could be uti-
grazing management practices lized on the watershed. The
to provide for best manage- final step in the process in-
ment alternatives. Data used valves  selection of treatment
include: digital soil survey in- priority areas for the watershed.
formation; Digital Elevation The public lands survey theme is
Models; remote sensing imagery; veg- used to identify precise locations of
etation: surface geology; and resource condi- streams and channels, proximity to path-
tion information. Geographic information sys- ways of sediment transport, and to locate
tern techniques are used for enhancing resource archeologicalsites,whereerosionpracticesmight
inventoriesgeneratinginterpretationsandanaly- impact the cultural resources. The methodology
sis maps with accompanying records data to is also effectively used to display and communi-
support resource management decisions. The cate resource information and comprehensive
methodology incorporates a strong landscape - planning activities.

For additional
information:

Alan E. Amen
Soil Scientist; BLhl
Division of Resources (SC-2 IO)
Service Center, P.O. Box 25047
Denver, CO 80225-0047
Phone (303) 236-0154

Jacek Blaszczynski
Physical Scientist; BLM
Branch of Geographic lnfomration
System Services (X-344)
Service Center, P.O. Box 25017
Denver ,  CO 802250047
Phone (303) 236-6253



GIS
Terrain/Resource Analysis

(Sagers  Wash Walershed Comprehensive Plan)

Climate (Precipitation)

Topography (DE&)

Geology (Soil Parent Materials)

Soils (Physical LL Chemical Properties)

Vegetation (Type, Cover, and T&E Planb)

Surface Hydrology

Land use

Resource Condition (Soils h Range)

Archeological Sites

Existing Treatment & Structures

Research lnlormation

.

l

l

.

.

ii

l

l

4
Exlstlng CondIllon  Evrlusttonr

Soil Erosion Prediction
Sedimenl  OuanMy  & Ouality
Salt Transport

Mansgemrnt Opporlunltles
Site &Practice Selection
Practice Effectiveness Prediction

Cost-BeneM  Evaluatlonr

t Soil Survey  Mapping, Modeling h Enhancemenl
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SOIL SURVEY ENHANCEMENT AND
ECOLOGICAL SITE CORRELATION

by: A/on E. Amen, Jocek  Bloszczynski,  Dick Page, andJock  She&
Bureau  of lond Monogement

The soil survey enhancement ond ecologi-
col site correlation process uses Geographic
lnformotion Systems (GIS) technology to in-
tegrote digital elevation  doto, orthophotos,
Londsot Thematic  Mopper, ond other support-
ing doto [&mote,  geology, vegetation, ond
adjoining soils doto) for improved definition
of toxonomic soil components within mop
ping units. This methodology emphosizes o
landscope ond geologic onolysis opprooch.
Use of GIS londform/hydrologic  chorocter-
izotion methods, ond odditionol geologic in-
terpretotion provide m ore detoiled informo-
tion on the spotiol voriobility of soil proper-
ties within mopping units. This approach  hos
been effective in wildlonds ond rongelond
oreos in Utoh, Arizona ond Wyoming thot
hove large oreos of shallow ond medium-
depth soils ond occomponying exposures of
geologic formotions. The enhanced soil doto
provides odditionol interpretotion ond anoly
sis copabilities for specific needs, e.g. wo-
ter quality, riporion Oreo and grazing mon-
ogement on public lands.

information and technology provided by this
methodology is effectively used to enhance
existing soil surveys ond also for disploying
and communicating soil information.

Application -

The soil survey enhancement and ecologi-
cot site correlation process provides oddi-
tional detoil, interpretation ond onolysis co-
pobility for land management such OS:

1.

2.

3.

4.

5.

6.

Wotershed onolysis . woter quolity

Riporion  orea identification and
monogement

Ecological  site identification ond
grozing monogement

Archeological  ond cultural

Threotened ond endongered species

Monitoring site selection

(6 a;<,



Soil Survey
Modeling, and

f-XT--j/
Climate Data

Mapping,
Enhancement

Topogmphy (slope, bF,, ~,~,,~h’~~)

l Digital Elevation Model (DEM) Data

Geology and Soil Parent Materials
l Geolwic formation, member.

8 sedilment  properties
l Geomorphoric recesses
l Spectral data (PM)
l Geologic interpretations

Vegetation (Types 81 Cover)
l Spectral dato (TM)

Ex’isting  Soil Information

Land Use

/Procesrj

Soil Pro-Map Preparation
l Composite resource and ancillary information

by overlay process
l Extropolate soil informotion from selected

sampled oreos ond existing soil data
l Mop unit design (bared on needs)
l Delineate soil ma units
l Aerial  photogtap R (stereo and interpretations)

Field Verification and Pro-Map Refinement
l Field observations ond sampling
l Refine delineations
l Record field notes
l Complete soil map unit descriptions

Final Sol1 Map 81
Accompanying
Attribute Data
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VARIATION OF SURFACE SOIL SALINITY ON STEEP MANCOS SkIALE TERRAIN

DENNIS M. MURPHY

ABSTRACT: Rising salinity concentrations in the Colorado River are a threat to

municipal, industrial, and agricultural users of the water. Salt loading to

the river occurring from nonpoint sources is greatest from diffuse source

runoff on erodible saline soils derived from the Marx08 shale formation. This

study was undertaken to define salinity concentration differences of eurface

soil derived from Hancos shale, and to define lrndform descriptors to be used

in a GIS system to identify high salinity concentration areas. With millions

of acres of Manccs shale terrain in the Colorado River Basin, a process to

screen acreage for salinity -hot spots" would benefit ongoing salinity

management efforts. Surface soil salinity was evaluated in the Elephant Skin

Wash watershed of western Colorado over a wide range of geomorphic

environments. It was found that southern aspects in steep Hancos shale terrain

exhibited soil salinity at least 2.2 times higher than northern, western, and

eastern aspects. This is attributed to southern aspects exhibiting drier soil

moisture regimes, less plant cover, and higher erosion and runoff rates.

Depositional areas, primarily alluvial valley floors, averaged 9.2 times less

salinity than that measured on steep eroding terrain.

{KEY TERXS: Salinity; Hancos shale: geomorphology; nonpoint source pollution;

land use planning; water quality.)

INTRODUCTION

The Bureau of Reclamation estimates that rising salinity concentrations in

the Colorado River st Imperial Dam could reach 963 mg/l by the year 2010 (USDI

- BLH, 1987). Rising salinity concentrations are a threat to the varied water

uses (municipal, industrial, and agricultural) both inside and outside the



Colorado River Basin. In a" effort to check expected increases in salinity,

Congress, in 1974, passed the Colorado River Basin Salinity Control Act (PL

98-569). Amendments to this act in 1984 direct the Bureau of Land Management

(BLM) to develop a comprehensive program for minimizing salt contributione to

the Colorado River from BLM-administered lands (public lands).

Salinity yields from public lands occur from both point and nonpoint

(diffuse) eourcee, with the latter being the greatest contributor. The primary

salt eource ie highly erodible saline soils derived from the Hancos Shale

formation, a Cretaceoue  sedimentary marine deposit. It ie estimated that

within-the Upper Colorado River BasinIstetes  of Colorado, Utah and Wyoming-the

salinity yield from diffuse sourcea on public lands spprowimatee 700,000 tone

ennuelly (IJSDI-BLM,  1978).

Past studies, summarized in Schumm and Gregory, 1986, have conclusively

demonstrated that salt production ie greatest from steep Mancos Shale terrain

when compared to salt production from other land forms such a8 pediment

surfaces  and alluvial valley floors, unless these lens steep landforme are

highly dissected or contain visible salt deposits (efflorescence).  The high

production of salt from steep terrain is mainly attributed to high rates of

eiosio"  from soils formed directly from Hancos Shale. Variations of salinity

on steep Hancoe Shale terrain have been documented (Schumm and Gregory, 1986;

Jackson and Julander, 1982; Johnson, 1982; Ponce, 1975; Laronne, 1977; White,

1977; and Thorne et al, 1967), but responsible factors (lithology, topography,

microclimate, and biological and physical soil formation processes) have been

weakly defined.

Therefore, the objective of this study is to define soil salinity

variations on steep Hancos Shale terrain and determine the primary responsible

factors. Also, the study was designed to define landform descriptors to be

used in e geographical information system (GIS) to assist in identifying high

salinity concentration ereas. With millions of acres of Wancos Shale terrain

in the Colorado River Basin, e process to screen acreage for salinity "HOT

SPOTS" would prove valuable for salinity management efforts.

STUDY AREA

The study is based on a saline soil inventory conducted by the Bureau of

Land Hanagement l4ontrose District, Colorado during the 1990 field season. The
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four management areas that were inventoried have been identified for future

salinity reduction (USDI-ELM, 1989). Inventory efforts were concentrated in

the Elephant Skin Wash area (figure 1) because previous monitoring showed

runoff waters from different subbasins yielded different salinity

concentrations, and because of visual observations of variable salt

efflorescence on badland terrain (figure 2). Thus, the remainder of this

report concentrates on inventory results from the Elephant Skin wash srea.

Elephant Skin Wash is located approximately 5 miles northeast of Honteom,

Colorado, lying west of the Black Canyon rim. The drainage is 3.70 square

miles with the mainstem-ephemeral channel flowing in a westerly direction.

Relief varies from 5,720 to 7,0?6 feet in a distance (basin length) of 4.9

miles. The climate is semi-arid with annual precipitation ranging from 9 to 12

inches. August is the month of heaviest precipitation with most coming from

high intensity thunderstorms.

The Elephant Skin Wash Drainage was formed from erosional dissection of a

pediment surface into underlying, undivided Hancos Shale. The resultant

topography is characterized by steep badlands, occasionally capped with

remnants of the pediment surface, and an alluvial valley floor (figures 3).

Steep badland terrain dominates the area. This terrain is unstable as

evidenced by mass wasting and the formation of dense rill networks.

Instability is especially visible on southern aspects where slopes can exceed

90 percent and watershed cover is often less than 1 percent. Soils are largely

undeveloped except for inclusions of shallow, clayey Chipeta and Persayo soils

on north BlOpSS  (USDA-SCS, '1981). Vegetation is dominated by mat and fourwing

saltbush, yucca, and bunchgrasses (Stipa, Elymus and Oryzopsis).

The alluvial valley floor, adjacent to the mainstem channel and larger

tributaries, was formed from deposited sediment, eroded from the steep upland

terrain. The alluvial valley floor averages 400 feet in width, has an overall

down-valley gradient of 2 percent, and is erosionally stable or depositional

except for areez of active gullying. Soils are predominantly Billings silty

clay loam (USDA-SCS. 1981). Common vegetation consists of shadscale, winterfat

and, western wheatgrass.

Land uses include seasonal sheep grazing, off highway vehicle use (OHV) and

hunting. surface disturbance from OHV use has resulted in some accelerated

Il d
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‘Figure 1. Study Area Location
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Figure 2. Elephant Skin Wash - Southern (left) and Northern (right) Aspects, Showing
Differences in Watershed Cover and Salt Efflorescence.
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Figure 3. Elephant Skin Wash - Alluvial Valley Floor with Incised Channel
and Steep-eroding Terrain.
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erosion. Present management limits OHV use to designated roads and trails

(USDI-ELM. 1989).

The Elephant Skin Wash drainage is currently managed under a watershed

activity plan, with the goal of determining effectiveness of structural

measures for reducing salt yields from steep Hancos Shale terrain. At present,

three subbssine

The salinity

have functional salinity reduction structures in place.

HETHODS

inventory included both field and laboratory procedures.

Field measurements were made in erosional environments (steep terrain) and

depositional environments (alluvial villey floors) at a ratio of about 3:1,

respectively. Sampling was thus concentrated on the steep erosional terrain in

order to define soil salinity variability. Additionally, the steep terrain was

inventoried at mid-slope including as many aspects as possible. Sampling

transects were established by extended a 100 foot tape along the contour, and

elevation, and topographic location (hillelope  freeface, debris slope,

alluvial valley floor ) were recorded. A visual determination was also made as

to whether the local environment was erosional or depositional. The hillslope

aspect and slope were determined using a compass and clinometer, respectively.

A composite soil sample was collected by coring and combining 10 evenly

spaced soil samples along the tape. The samples were cored to a depth of 4

inches, which was estimated to be representative of soil surface salinity

(rill development from large runoff events can approach this depth). Two soil

cans were filled with the soil sample to determine electrical conductance (EC)

and moisture content. Watershed cover was estimated along the transect using a

quadrat frequency frame (USDI-BLM, 1985), recording bare ground, persistent

and non-persistent vegetation litter, rock, basal cover, and canopy cover

(noting whether the canopy hit had underlying cover), until 500 points were

documented.

Laboratory procedures included determinations of soil EC, soil moisture

content, and watershed and basal cover. soil EC was measured from liquid,

extracted from a saturated soil paste, using a CLA 1433.1 Instant EC Salinity

Drop Tester. Variation in soil salinity can be indirectly measured by

electrical conductance due to its direct relationship with ionic concentration

(salinity). Since only relative differences in salinity were needed, absolute

lf6’



values of salinity concentrations were not deemed necessary. Watershed cover

was calculated by summing all "on bare ground hits (litter, rock, and canopy

and basal vegetation cover - canopy hits with underlying cover were not

included, as this would result in a double count) and dividing this by total

recorded points. Total live perennial vegetation basal hits were divided by

total recorded pornts to calculate basal cover.

RESULTS

Extreme drought conditions prevailed prier to and during field data

collection. Co"segUe"tly, soil moisture content "ever exceeded 7 percent. Due

to such low and static soil moisture Conditions, thie variable was dropped

from further analysis.

Analyses of soil EC showed differences between values for steep Mancos

Shale terrain (erosional environment) and the alluvial valley floor

(depositional environment). Soil EC means (table 1) for erosional and

depositional sites were compared using the t-test, and found to be

significantly different at the 0.001 significance level. That is to say, there

ia greater than a 99.999 percent chance that the soil EC means from erosiOna

and depositional sites are from different populations. The soil EC mea" for

erosional sites is 5.2 times greater than the soil EC mea" for depositional

sites. This supports conclusions reached in other studies, previously cited,

that show salinity is not as great on alluvial areas as en steep Hancos Shale

terrain.

For the purpose of analysis, hillslope aspect for erosional sites was

transformed into four aspect zones. These are shown in table 1 (e.g. aspect

zone 1 corresponds to northern aspects from 316 to 45 degrees, etc.). An

analysis of variance (table 2) shows soil EC values differ between aspects. As

shown in the graphical display in table 2 and the soil EC mea" values in table

1, soil EC for aspect zone 3 is significantly greater than all other aspect

zones, being 2.2 times higher than the next highest mea", aspect zone 4.

The data obtained in this study do not reflect direct measurements Of

hydrologic processes, but the relevant hydrologic processes can be deduced

from the indirect observations. Figure 4 (C and D) shows that both watershed

and basal cover are weak predictors of soil EC. Values of soil EC are low and

relatively constant over a wide range of the higher cover values. Soil EC is

‘i., i
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Table 1. STATISTICAL SUMMARY OF INVENTORY DATA

ELEPHANT SKIN WASH

---------____--------~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MEAh' VALUES

---~~~~~~~~i_-~-~--~~~~~~~------------~-~~~~~~~~~~~~

SLOPE SOIL EC WATERSHED BASAL SAMPLE

a mmhos/cm COVER ¶ COVER 0 NUMBER

EROSIONAL SITES

(ASPECT ZONES)

1 NORTH (316 TO 45 DEG.) 52 3.6 49 12 9

2 EAST (46 TO 135 DEG.) 58 4.5 33 7 8

3 SOUTH (136 TO 225 DEG.) 12 12.2 2 0 20

4 WEST (226 TO 315 DEG.) 51 5.5 35 9 11

____________________~~~~~~~~~~~~~~~~~~~~~~~~~~_~____~~~~~~~~~~~~~~~~~~~~~~~~~~

COMBINED EROS. SITES 61 7.8 23 6 48

__________~_________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_~~~~~~~~~~~~~~~~~~~~~~~~~~

DEPOSITIONAL SITES 5 1.5 51 6 19



Table 2. ANALYSIS OF VARIANCE BETWEEN ASPECT ZONES FOR SOIL EC

SOUrCB DF ss

aspect  zone 3 700.85

ERROR 44 398.63

TOTAL 47 1,099.47

ASPECT ZONE N

1 9

2 S

3 20

4 11

US F P

233.62 25.79 0.000

9.06

INDIVIDUAL 95 PCT CONFIDENCE

INTERVALS FOR SOIL EC MEANS

HEAN ST.DEVL ~~~~~~*~~~_~~_~~*__~___~__+-~________+

3.556 1.373 (_____._____)

4.500 3.231 (_____._____)

12.225 3.764 (___'___)

5.464 2.034 (_____.____)

__---*--__--__-+ __--__-__+-___-____+

POOLED ST. DEV.= 3.010 3.5 7.0 10.5 14.0
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highest when cover values are zero, but a wide range of soil EC is possible

near zero cover. Slope steepness has an apparent positive relationship with

soil EC throughout the measured range; however, the measured range does not

extend below 30 percent. Soil EC not only shows a distinct pattern with

hillslope aspect, but measured value6 exist over the full range of aspects.

Hydrologic processes

eolar radiation.

The exposure of a

microclimate and the

vary with aspect due largely to variation in expoeure to

hillslope to solar radiation has a marked affect on

rate at which geomorphic procesw8 operate (Branaon  et

al, 1981). Northern aspects receive the least solar radiation, and direct

eolar radiation in lost altogether when the slope exceede the angle of

incident solar radiation (Smith, 1966). This occurs on the average measured

northern arpect (52 percent) from August through April, and at no time from

Hay through July ia incident solar radiation at an angle greater than 12

degrees. An a result northern aspects experience the lowest

evapotranspirstion, and have the highest soil moisture and vegetation cover of

any aepect. Conversely, southern aspects receive the most solar radiation,

which ia maximal when the hillslope is perpendicular to incident solar

radiation. On the average measured southern aspect (72 percent), maximum solar

radiation occurs when the 6un is 3.5 degrees north latitude, about two weeks

after the spring equinox. Incident solar radiation never deviates more than 27

degreea off perpendicular from the average southern aspect. Southern aspects,

therefore, experience higher temperatures and evapotranspiration,  and the

least vegetation cover of any aspect.

The average slope for southern aspects tends to be less than the average

steepnees for northern aspects, because of erosional debris that accumulates

at the bane of southern aspects (Brsneon  et al, 1981). This study, however,

measured gradient at mid-slope and clearly shows (table 1) that the active

mid-slope area is steeper for southern aspects than all others.

On eouthern aspects, the combination of steeper slopes and less plant cover

results in higher runoff and erosion rates (Branson and Owen, 1970; Rife,

1991). Consequently, soil development is poor and surface salinity

concentrations approach that of the underlying Mancce shale. Runoff and

erosion are less and infiltration is greater cm northern aspects, due to
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better Boil development and increased vegetation cover. On northern aupecta,

lower soil erosion and higher infiltration rate8 result in lower surface eoil

salinity. Surface salinity variations with aspect should be interpreted ae II

decrease in salinity on northern aspects from the natural or background

Ealinity concentration of southern sopecte. This decrease is due to natural

hydrologic and geomorphic processes and can be observed indirectly through

soil EC measurements.

Based on the previous discussion, a predictive equation (eq. 1) was

developed from regression analysis, "ring aspect as the independent variable

and coil EC aa the dependent variable: For thin analysis the true aspect

values 66 shown in figure 4A were transformed so that aepect only varies

between 0 and 180 degrees from due north. The ANOVA Teat justifies the uee of

the transformed values since no significant difference exists between soil EC

on eastern and western aspects.

SEC = 1/(0.000008347*(ASP-242.4)*2+0.0354 (eq.1)

R-SQ~0.8134

where,

SEC = soil EC mmhos/cm

ASP = hillslope

Soil salinity on Mancos Shale terrain

Climate, pediment soi16, etc. Therefore,

aspect in degrees (O-180)

can be influenced by lithology,

the applicability of equation 1

should be restricted to the study area until additional field validations are

conducted. However, the relationships between aspect, slope, vegetation

COVelZ, and soil EC, as previously discussed and graphically displayed in

figure 4 (A-D), should hold true for steep Hsncos Shale terrain in similar

environments. This is evidenced by d6t.6 collected in 6 salinity management

6rea north of Delta, Colorado, which showed similar finding6 to those in

Elephant Skin Wash.

DISCUSSION

Previously cited research shows soil erosion and salinity yields from

Hancoa shale derived soils 6re greatest on steep badland terrain. However, 66

this atudy shows, eignificant  variability in soil Bslinity exiete within thie

landform. Using the results of this study and 6 digital elevation model (DEH)



Scale 1:40,000

Figure 5. Elephant Skin Wash
A. 7-meter  Contour Intervals and Major Drainages
B. DEM-generated Southern Aspect Parcels (slopes 30% or greater), and Inventory Transect Locations on Southern Aspects (+)
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of Elephant Skin Wash, FIB attempt wae made to delineate the most saline areas,

i.e., steep southern aspects. Hap B of Elephant Skin Waeh (figure 5) shows

parcele where slope is greater than 30 percent (approximately the lower limit

of slopem mearured on eouthern aapecte in erosional environments) and

hillslope aspect is between 136 and 225 degrees (southern aspect). To

determine if transects conducted on Bouthern aspects were representative of

the parcel6 identified by the DEM. transect location6 were added to Hap 8. All

but one of the inventory transects fall within or immediately adjacent to the

defined parcele. The outlying transect results from a GIS limitation on pixel

size of 30 x 30 meters. Small segmentA of steep southern aspect that fall

short of these dimensions can not be defined by the DEM.

Pant salinity reduction efforts by the BLM have included reetricting

surface dieturbing  activities to improve watershed condition and etruCtura1

controls to retain saline runoff &ndjor sediment. Applying these techniques

directly to steep Hancoe shale terrain has limitations. Due to the harsh

environments1 conditions on steep southern aspects., the potential for

improving the hydrologic condition on these areas is low. However, salinity

reduction benefits could be realized by optimizing watershed condition on

debris elopes and alluvial area8 receiving runoff from steep southern aspects.

Additionally, it is important to maintain good watershed condition on the

remaining aspect* (east, weBt,  and north). Since surface soil salinity on

steep terrain has an inverse relationship with watershed cover, reducing cover

would increase erosion and salinity.

Due to the high cost of constructing and maintaining structures  in Hancos

Shale-derived soils, these should only be considered where other management

options are not feasible or when other resource benefits (e.g. riparisn, _

wildlife, livestock, etc.) can be achieved simultaneously. To optimize

salinity reduction benefits from structural controls on steep Uancos shale

terrain, they should be located where the largest percentage of the drainage

area is comprised of steep southern aspects.

For deeign of structures and management of surface disturbing activities

considered effective in reducing salt yields, see USDI BLH, 1978; 1980; end

1984.
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What is it?

The long-term soil productivity (LTSP) trials are a joint
effort of the research and administrative timber and soil
arms of the USDA Forest Service. It is a long-term,
designed stress experiment which will answer some basic
questions about process science and land management
practices. It will try to define what the inherent
potential of the land for net primary productivity is, how
this potential is altered by changes in organic matter
content and soil porosity, and how we can change the current
monitoring standards at the National Forest level.

The idea is not to mimic operational practices, or our best
guess at what may be operations in the future, but to
manipulate the fundamental properties of a site that are
always affected to some degree by timber management. This
will help make the results usable by other investigators
across the country.

Sustaining the wood-growing capacity of commercial forests
is a fundamental goal of forest management in North America.
The Multiple Use Sustained Yield Act of 1960 binds the
Forest Service to achieve and maintain outputs of various
renewable resources in perpetuity without permanent
impairment of the productivity of the land. Section 6 of
the National Forest Act of 1976 (NFMA) charges the Secretary
of Agriculture with ensuring research and continuous
monitoring of each management system to safeguard the land's
productivity.

Id3



Objectives

The principal objectives of the LTSP installations are to
(1) define the potential productivity of forest sites along
a soil and climatological continuum, (2) understand how
modifications in site organic matter and soil porosity
affect the fundamental processes controlling site
productivity, (3) develop and validate soil quality
monitoring standards for assessing changes in potential
productivity, and (4) develop models for generalizing our
results over broad geographic areas.

Treatments

This study utilizes a 3*3 factorial design with the
following compaction and organic matter treatments.

Compaction level

No compaction
No compaction
No compaction

Organic Matter level

Bole only removal
Bole and crown removal
Bole, crown, and forest floor

removal

Moderate compaction
Moderate compaction
Moderate compaction

Bole only removal
Bole and crown removal
Bole, crown, and forest floor

removal

Maximum compaction
Maximum compaction
Maximum compaction

Bole only removal
Bole and crown removal
Bole, crown, and forest floor

removal

No compaction is the VUnaturallq  bulk density of the site,
medium compaction is a intermediate level of compaction, and
maximum compaction results in a soil bulk density of about
20% less than the root-growth limiting bulk density of the
specific soil. Each location is also encouraged to install
ameliorative treatments such as fertilization or soil
ripping.

The Intermountain/Pacific  Northwest Study Sites

In the Inter-mountain Region there is one replication that
has the pre-harvest data collected, timber harvested, trees
planted, and first year post-harvest measurement taken.
This study site is located on a bench adjoining the Priest
River at the Priest River Experimental Forest, Priest River,
ID. The study area habitat type is classified as Tsuga
heteronhvlla/Clintonia uniflora. The soil has a silt loam
surface layer 28 to 38 cm thick derived from Mount Mazama
volcanic ash. The subsoil is 50 to 75 cm thick. The soil
is a medial, frigid Ochreptic Fragixeralf (Mission series).
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Treatments were applied as described above. Moderate
compaction was achieved by driving a Grappler log carrier
over the plots twice. Maximum compaction was obtained with
four passes by a D-6 Caterpillar tractor. Bulk densities
were increased from 0.65 g/cc (no compaction) to 0.81 g/cc
(maximum compaction). Overall, after the first growing
season, rooting depth was significantly less in the moderate
and maximum compaction plots that had total organic matter
removed as compared to the no compaction plot with no
organic matter removed. Ectomycorrhizal short root counts
were greatest in the high compaction, total organic matter
removal plots. This corresponds to other research in this
region that correlates high ectomycorrhizal counts with
stressful or harsh environments.

Another set of three replications will have the pre-harvest
data collected in the summer of 1994. Harvesting will begin
in the fall of 1994. These plots are located on the Payette
National Forest near Council, ID.

In the Pacific Northwest Region, one replication near Troy,
OR on the Walla Walla National Forest has the pre-harvest
data collected. Three replicates on the Umpqua National
Forest, Toketee Ranger Station will have the pre-harvest
data collected in the summer of 1994 with harvesting to take
place soon after that.

All of the sites in these two regions are on volcanic ash
cap soils (principally the Mount Mazama eruption). Volcanic
ash soils are susceptible to compaction and given the slow
rate of natural recovery, long-term site degradation is an
important concern for land managers. Long-term productivity
is of particular concern when uneven-aged management and
multiple stand entries are becoming emphasized. This study,
and the other sites around the country, will help identify
the levels of compaction and organic matter that will still
maintain productivity.
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Ecosystem Inventory and Analysis
in the Northern Region

C. Lee Maynard
Soil Scientist/Ecologist Region 1

‘If we are serious about sustainability we must raise our focus in management
and planning to large landscapes and beyond’ (Odum, 1904).

The Northern Region of the U.S. Forest Service has recently been in the process
of implementing the directions for ecosystem inventory and analysis detailed by
the National Ecosystem Mapping Hierarchy (USDA, 1004). In general. the pup
pose of ecological unit inventories is to provide information about biological
capabilkies.  limitations to land use, and management opportunfties  at both the
broad (landscape level) and refined (project lever)  states.  Using methods out-
lined in the Ecological Classification and Inventory Handbook, a soil resource
inventory usually terms the basis for the development of ecological unh invento-
ry (Region 1 USDA, 1903). Within the Northern Region consistent soil resource
map units have been delineated at 1:24,DM  for dominant soil subgroups in
conformity with the Land System Inventory (NCSS survey) mapping procedures
and are referred to as ‘landtypes’.

Using differentia inherent to the landtype delineations a systematic stratification
of a landscape or ecosystem can be generated to provide a Qeoclimatic tem-
plate upon which other physical and biological propenies  can be interpreled.
This template is based on predictable. inherent landscape ieatures  which are
intimately related to ecosystem composition, structure and function. It is also
nested within lhe section and subsection levels of the National Ecosystem
Mapping hierarchy. Using this template it is possible to conduct and ecosystem
inventory efficiently and accurately so that consistent, statistically valid analysis
can be performed. By displaying the range of existing information in the context
of this consistent environmental template it is than possible to identify data gaps
and additional inventory needs.

To facilitate broad scale ecosystem analysis in the Columbia and Missouri river
systems, soil scientists within the Northern Region are in the process of map
ping associations of existing landtype delineations, These associations stratify
environmental site data by variables having the greatest predictive power with
regard to the phenomenon being evaluated. 70 address both upland and
riparian land use questions such as subceplibilky  and response to disturbance,
two sets of ‘Landtype Associatons’  are being mapped and characterized. The
first, with an emphasis on characterizing watershed, stream and riparian prop-
erties (aquatic landtype  associations.ALTA’s);  and a second, the (terrestrial
landtype  associations.TLTA’s),  with an emphasis toward characterizing the
inherent site properties of upland environments.

Aquatic landtype  associations are being mapped at a scale of 1:1OO,C0O  with
delineations based on grouping landtypes with similar tandlorm  and Qeologic
properties, The use 01 these differentia is based on the assumption that land-
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iorm and geology are the two variables which can be mapped consistently at
Ihe lafldscape  level, that mosl closely predict significant changes in inherent
watershed, stream and ripariah  properties. Stratficarion  of the landscape
based on these criteria provides for the development of map units  with predicl-
able ranges in drainage density, erosion properties. valley-bottom and stream
width and gradient attributes, dominanl riparian soil and vegetation types, and
streambed slruclural  lealures  (i.e. pool/riffle ratios) and panicle size dislribu-
lion.

Terestrial  land type associations, also mapped at the 1:100,000  scale will
provide map units  capable of predicting general landscape panerns  in the
distribmion  of dominant soil and vegetation groups, and natural drslurbance
regimes. they are being developed based on the prediclive  value of landform,
geology, soils, local climatic regimes and potential vegetation.

Due 10 the extensive volume oi spatial  and attribute data associated with
ecological analysis units, a geographic information syslem is a highly valuable.
if not essential loot. Depending upon Ihe size and complexly of the analysis
area_ the ilerative  number of struclural  and biological combinations can be
exIenSive.  Computeriied  mapping lools are essenlial  ior the efficient storage,
retrieval and manipulation of the information necessary for accurate ecosysrem
characterization and interpretation. In a GIS. landtype  associations can be
assigned to landtype polygons and spatially displayed, allowing the extent and
distribution of each unique delineation be evaluated and the ecosystem to be
characterized by the attributes of its componenls. In addilion,  rabular  data
summaries of LTA propenies  such as erosion rales  and sedimenf  delivery
features can be complied and statislically analyzed. When stream and water-
shed dekneations  are intersected with LTA’s  and evaluated in the confexl  of
their LTA componems.  landtype  association attribute data can be used to
describe the range of habitat paramelers lor aquatic, riparian, and upland
species oi both plants and animals. The use of a GIS allows tor a simultaneous
analysis of muiliple scales using the same analylical framework throughout the
process.

Following Ihe environmental characterization provided by the landrype associa-
tion template, disturbance history is lhen introduced into the analysis, Wrth  the
inuoduction  of disturbance history (bolh natural and management induced),
and other existing condkion  informalion il is possible to conduct valid compari-
sons between potential and exisling conditions for any selected site within a
delineation. The ecological impacts of current management activities cat lhen
be monitored and evaluated by the same measurable parameters used to
inventory and charanerize the overall landscape, and the components of its
ecosyslems.  Management guidelines may also be developed based on those
same measureable parameters of site and soil properties that accurately rellecl
change over lime. Likewise, rehabilitation for componenls of highly disturbed
ecosystems (i.e riparian areas, stream segments or watersheds) can then be
proposed with an ecological framework as their foundation.
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Denizens of the Soil: Small, but Critical
by Andy Moldmke.  Research Entomologist, Omgon State University. Corvallih  Oregon

VcryfcarpeoplcrralIyundernrndh~roilrarorlr.  I’dliketogive aoil  all oflhc bacteria  aud tigi that  notmally  lived  j_o &al soil.
three illusuativc  examples of how  soil Mhmpodr  soil microbes 7heonlythiagmirdngwcreaulhclilllcar&lqY&.  -fho&mgi
and roots work together as a combined  ryncm  in the real world. md bscraia  ~&GU a CWGII amount of niLrogetL  (x). ~~~~  i.
The 613 example is of onion producti Basidly,  Ibe plant is loOlhC1  pot he put tha rSme LittCr witi  thC fungi and bacteria  &al
incapable of taking up any phosphor  at all from the soil u&as aormaU)‘atCttWCandpUlia~o;rLrocdliog.  U’hatdidhcfiod?
it has myconhizse  on the roots. With myoonhin+  the roots pick He fouod~therame~~tofnlmia~(x)beauv~c~
up lou ofphosphorous. The growth of the onion platlt  depcn& ttecazdlingdidu’t~an@ing.TbQhc~kamthrrpolandaddcd
oponrbenumkrofanhropodralledspringrrilrli\inginihesoil. amil&cdeWhplhappenal?Tbtsmauuaf~~irrcycliogwmt
Springmiis  function by eating the tips of the mycorrhizae  which upninefold  Tknhemnthe errpaimmta6arnhhme.withtotha
stimulates the mycorrhizae  to grow, dissolve more of the soil nrUipo&andancakradling  Tbatwacnoexaamwiembuilding
around it and feed it lo the plant. As you incrrJv tienumbcrof  (x),bulth~ofthe~~mt~farrrimaw~it~
springuils  in the soil, the plan1 grows faster  until there arc so whtolhaewucn’1anyanhrop&prcsaz  lhcactivityofrhosc
many  springtails  that they  cat all
the mycorfhiuc.  Then g10wth
drops to zero again.

alewpoa affalcd lhc talcs of de-
composition. and atl of that  c?(pa
ni~geawcntdiIull~inlolhe~
of the p1anr

The second rumple is born oak
forcsu  in Europe. When oak trees
live on sandy soil they grow vcq
slowly. They  don‘t make  many
lwvcs  Y) ~berc’s  not much liner 31
the endofthhc  yur. But tic liner
thu doer come down ye;u  afIer year
piles up very thick. MO.SI  of the
nuvltnts  CUT  in the liner layer. un-
used  no1 pan of the biologjcal
fpoti of rbji ecosystem.  On the
olhcrhyldoakcrrcs~halgrowonclaysoil~veryfanandbave
IOU of lwves. But when tit Icoves hic tic gmuod they  decompose
very  rapidly and make a very thin liner  layer. In facl. all of those
rmrnc~rc~~r~syncmarcboundupintorhe~growlbiurlf.

Anderson  has ticn many many soil
tvpes  aod many di!Terenr  kinds of

he’s found is rha the me  of nurncm
k turnover  is dependent upon tic roil
-1 ypc. but witin  soy  given kind  of
z soil rypc. il’s rcllly  indcpadcnr  of
z how many baneN and fun@ you
Z have  in that s)nem It’s actually

iudcceodentoflhekindofvrhrocad-
or invcncbralc  you pui  in there.. I;‘sordy  dependent on how many
of them  are there. They  c&a be liny Me oribadd miter  or grui
big oribadd  miser  it doM’1 make any diilerence.

Soil invmcbrsla  are system  catalysts. They don’t do much of
anything chemically in the processing that takes place in the soil
but~yrtgularcihenteofdaompcntionmdtbenteofmrPient
rscycliog  Theydothatby  whingupthcresourc?aaadthc
Livingmiaoksih!prrinihcroil,bymixingcheorganicaodthe
i~organis  components of the soil, and by driving tie oomplex
proRssm  of alicrobii  suaza5ion  They feed on the cunuu
mirrobiolcmp,mdbytheir~f~rbeypmvi&fora~~
diffcrutt  ljpc of microbii  succession to take place.

Nowwhat’sthepuachIiaeofthesutyhuc?  Thepunchlincis
that dirt isn’t diny.  s4il isn’t soilal,  litter  isn’t @age. There’s
aomcthing  missing in the way we USC lbofe  aor& it’s the living
oomponauthar’srnis4in&  ntcuppalayasofsoil.whicha=the
ccdyonaihtarcimpomnliagrowingplantsandmamd
cvuybing  dK. m alivs Utter aud copsoil  arc, in fact bioloti-
auythemosldivascparIofaqtaIcstrialaxWsmm.  They=
alsouWmoslchanicsuydivuscpartdarty~syslem  InaW
fortsrIoilrintbcBlucMounrainrthcnuciitcrallyhundrrdcof
Gmrimledonpopr  4
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rpciaaf~iricverysquarrmetcl
ofsoil TbercarelitcraUyhtmdredaof
thmlsa&ofindividoaluthmpodrpcr
quarcmeurofroiL  Thcaearcalllbings
gou~SXanlldnguoundiltYoUrharrd;
they’ve  ga eyed tlicy’vc  got les they  get
bUttgry,thygCtti=tLthylUaritntbdr
matsthcydotinlematiogdaoca.thcy
have bchatior.  These  arc not bacmrk,
theyarcno4amocbactJlerearcralher

_highly  complicated orgar&ms.

YoucanhndavarietyoftheseaiKcaany
tim~yougooutattdtakeashovelfuiofdir~
Tbc  most commott  thiogr  in the soil arc
oribatid mites.  and the -don among
mites  is amazing. The biggest  one is the
size of a period on a printed page; the
smartest  one is 1/2SOth of ao inch in
~mgth.  There  is a long-legged otibatid
mttc.  There  is a flat-backed. aircm&
umcr  otibatid  mite. There are oribatid
mites  thar have gtut big ostrich plume
fcxhers  all over tbur bodia.

Tbcre  ate about 2SO.000  onbatid mites in
very squue meter of soil. One is called a
pen-knife oribatid mite. When it’s at-
tack@ itfoldsuplikcaturtle.  Oneiswbat
I call a ncgasaurus  onbatid mite. The
mite  itszlfti very  small and has big move-
able flat plates covering the body. Some of
them have basically bombay doors: flex-
ible tiags that they cau retract their legs
into. Onccvathasaspecialuapdoortbat
mrnea  up sod  protects the at-
tire bottom  of the ficc. all the
little  appendages for siting.
There is anothu  oribatid mite
thatlusamnnononlhesidcof
thebdy.  ItshootsaItickygoo
when l aackul. Thcte is ooc
thathidcsbyawaingtbewhole
topoftbebodywithmudthatit
amcnuontop.

Otibatid  mites UC fungal  feed-
us.lIcycatfuttgalhyphawitb
great  lobsta-like  claws. A fun-
gal~haislikeapicceof

, spaghcrtiwithaskelctoaottlhc
aItS&. so Lhe mire has to

aushitattdcrxkitopcnwithsheanand
tkojabUtcmitttoitsmottthWreyoowculd
spaghetti  Amtkrspeci~fecdsbyinsatnrat-
ingthewholcferdiogaPantnsintothe
bt%&iogporcaottttupoordlcs. When
tkyfcelatiu@hypbthygfabit~
tkyprllonccllclica+,thcothcroncgoes
in and it atl  wurka hydtostatidy.  There
atcalsosomeoribati&thatsttckbscutia
throoghanwr.  Httgcmusclathatwork
tbesuctioacttpiasidcthcmouthattachto
lbct4ckofitsiu

The o&r tmtjor  groq  of soil dwellers are
qningtails. mete are about 100.000 per
sqoarcmclnoll1inthcfotesL  They%
called springtail  bsauv they  have this
tai1ptthCendoftbCbodythatDorrmllyir
held uodaacath tmdcr  very  high blood
pressure Wbenauacked.tbeyltavealitUc
clamp which rclases and catapults the
sptigtailwayupintothcair.  Asptingtail
lilac may be 1112th of an inch long M
jumpmaykayardaway Avetycffoxive
device. Another spnngtail  is all mvercd
~4th  sales  like the wings of a buncrtly.

Nowspringuilsaudoribatidmitaatcjust
twu things ia the soil. Arty meter of soil
has lots and lots of things that  live in it.
Btight.raibdcUidmiusrucnotoniyinrhc
soil. Thy arc used ia biolog&  control in
manypartsoftbcworld.  lnorcgonwcusc
them  heavily in the pear iadustty down in
Ashland and Medford.  There are
pscttdoscoQiotts.  skunk spiders. ecttti-
pale& aod saail-fcalittg  beetle.

TkpoiotthatIwaoltOmaLCicthXallthC
upper taym of the soil are biogcaic.
microsoxmre  of the soil is fashioned1
arMpxis and wotms,  attd thcrcfote  the
major cbcmicaJ  aodphysiul properties
dir&y  under biocoarol  Every chemi
and physical propxty  of soils is basicJ
driven by Ihc sar%Cvolume  tatio  of tb;
particles  that make it up. The  upper lay
ofsoil  are composed of tbe livittg  kdiJ
oxmdas iavcnebrate~  foogi,  aad bacte-
~aadthcskclaoosofalltJiedeadon
well. “I

otegon  statcuoiversity  is actually the
place in the U.S. where researchers

3actually made slidea  of soil sod looked
them.  Wefoundthatevcndccpdowninthe
vrilallofitirmadcupofinvenebntefec
Most chiags  cat the manure or feces of d
other things. Tbc  rotal  nutrient cantcnt  oi
the soil is actually of secondary im
taoce. Also of secondary importance3whether rbc nuuients  are immobilized u1
the organic debtis  or whether they’re i -
mobilized in the inorgarjc  phase down
the mincnl  soil. The ctitiul  pammete 1
howdynamicsoil+xtvcrungpraxssesxc.
In other words. how many dung beetles
you have in the system. and how oJ
species do you have in that system? Now.
whenl-iooallytcochal-tofo
groups in CcolO~ at osu. the tint thiordo when 1 come io to the board is I wnte
‘BPGT.” I write those oo the bovd  at
bzginningofalamreaadItellcveryon

#the beginning that they arc supposed to
abletotcllmewlutthatmeans.  I’UtcUyou

wbatitisandnukeal~

Gtu-kTteu.” - -

Iwaaltofinishupby
#ingyoothrccfacufory

considcratioo,  bcca
you’ve probably UC

YTthought like a root befo
IwrntynttothLtklikca.-



I

'hued&m  page 4x cffca no pmwss afnuaimt  solu-
liity they un auke no chemical  change

3 soil lb second point is that soil
icaItmnsfortnations-thedmx!spo-

tin,thC~LiOS~tkrrCy-

E

rcmallygwvdbythcatta-
_ digcation  oftbe  seactcd  tnaytncs

andfun~inthcsoil.  Thereate
~&oticchangcathattskcplacAnthc

ll
+

gandrbawinganddtyingbut
P generauytakeplaceattialMwhcn
ry’m not terribly uutitl to Lhc plans.

d point is that absorption of nuta’i-
xditutly  dependent upon the ccll’s.
xfaaarra InaUsoils.anywhctzyouare

world. the surf&c  area of soil mi-
0
x

is toilliom.  billions, tillions  times
plant roo(5. Plant roots arc at a

T

Live  handicap to get those nuui-

a in the real world. how does it work’?

=E
plants grow? On the one hand in

re world. you have a plant that’s got
lot of energy &om photosynthesis but it

ntiencsto~w.  Ontheotherhand

2
m c a soil microbe that’s got IOU  of

(I but it needs energy  to grow.

Am
bm’rc~oroludonrtothcproblem.

soludoaissoilcrittcrr-anyrhing
omptotox!atothctwo-foot  10tlgOrcg0n

T

rm Nutrienta  am dtba pooled in
a I+ntcclIsiothesoilorintherissue
‘the living microbm  thcmwlva. Each
0 nc of those invertcbtata  feeds.  it

r%
I the physical state of those murimLs

by munching it up with ita jaw. It
those nutrients to new kinds of

1
E

sinitaownguL  Itcxunctsitaown
tapastax  nlcinvcrtcbrate

w and then  it defecatea.  and for a t%w

9”
orumoaafcwminutatbcmarc

4. e tmtricnts availabIc  to the EDmmn-
~tyOlargz%  AssoonUtbey’qnbbodnp

imtnobilizedrgair~  Nowmnan-

xs
I vybodyinu.uaoiIbentingcvmy-

‘s pfipscLag& -This
is going on all the time.

z

Sooner or
mcofthoscnuniausarcgoingtok

1 doseenoughtoamotthatthcruot
m@iL

‘msaundsollttiontnlhatptublanisan
iBcom$daeaohtIion:  8 lttpnhitx. A
rnycdbckaymbiodrbawwnrfott-
gusaIMIrplanlmnL’IbcmngPrnukMm
~toLbcplanttootandgrownout
intotksoiL AaitgtnwsontintotheaaiI.
uscplantpumpsfuclintot~
@Jgats  srred in pbotosymhcs*).  tk my-
wrrhin diasolva  its somn&inp*  and
wiUtitdoan’twantitasndato~pIant
looL

nletcam~Iivingspeci&uttivein
thcsofl.eachoncrm7andinntoitsownact

wsb. We can use that  information as
inddor speck. If you bring me back a
viJfdofsoil&ommuuI’wdcd.
Icantdlycmthctimcafycarycutwktliat
sample  I cau tell you the stage of forest
succcoion I cap tell  you the ahimde  you
tookitfmm.  IcantcUyoutbcovrrstory
canopy.  Icanprobablytellyousomethiug
abxittheundcrstorycmopy  Ican~eUyo”
whcrbcr  it was from a north-facing slope.
east-facing slope, ac. Ifyw took it from
SistasandthePondetosaPineforestthetx
IcouldtcUyouhowfaritwasbomthc
nearest tree mmk  whether ti brx trunk
olrrabveordesdorwhethnitmra
jtmipcr  or a Pondcrosa  Pine. I can tell  you
that tccausc  of the  spuzics  amposition  of
that soil  commumty.

SothCstnzmreoftheactualcotnmunity
an give  tUelw infottUrion  ifyou  take the
timcmclciphcr.  For~ifyouask
WhalkappXtif~fUttiigatCatUtnpsto
contmlUieroottot?  Whatdoaitdototbe
whole aoDsystao?  How far doca it go out
nway6omtbatatntnpanddocaitIaatfot
wotbmonthsycan.orfordoadm7what
about btoadcast  burmrig?  Do the effects
Iastfortwoorthrceycam,6venrtcnycnm
~~SfvWo=~~7
Younn-tboscqLusLionswithtbis
kind d infonuatioe

rbcsccotUiuscfulthingIthinkwctando
iamIookatIbcmrionofakqstone
spa&s. OfaUthchundra!sofspxiraout
thCt&atCLhUCmttEthtpLyacmcial
role  in &o imwrtant  aEoloniLal  Dpbanvl

Niiogm-fixing baaaia.  do wg
taliquc soaulhing  t&l  can?  & snbsti-
aual for. Another aample of that is me
clnnidc-aodudngtniUpcdcLhatiaso
commoninw?atcmomgon  Ahthe
lmaienttlardctsmkcplaceintJMsil
it& flum 0llC fd pvddc  to another
lkcalpartideandpiwsitdovmthatchain
dsoazssioa Buthorwdoyatgubmma
dcadloafonthcgmundtoafocrlpattide?
we& mat’s the role of tk qan&fcai-
ingm.illipalcinolufomnl~'srrzUy
onlyoncaxntnonnUp&iotbatwbolc
foreatrystanfJomsouthctn.4Iaskaauthc
w a y  to notthan caiifotllia  Basielly
cvcrysingleltafbothdeCilluonsandco-
mfctotuthatMIsonthcgmlmd.vaully
gocsrbrougllihe~oflhatoaerpeciesof
millipede before it even enurs Ux soil
aaysIem  So them you have  one species
Lhat does somatting  that can’t reslly  be
substitutad  for by anything elm  It’s a
kCyst0ne.

There arc a few morals  I’d like  you to ga

First soils ate ali=. They are biogenic.
Alltheupperkycrsarcinfaanorhingbur
living mitten  or the faz.5 of litig  crit-
M.

Saond soil arthm@s  am the Rgulators
i n  m o s t  sooil  p - . Thsyamthesysr-
tcmatalysLttha.tdrivcthcntiaobialpr+
asraofchcmictlcxEitanctlL  Allof
thor p- would stop  if we didn’t
have the aiacrs here feeding upon than

Third,  soils ate by tu the mor( biologi-
auydivarepurofanytcnwtidaaY~
tan.

Fourth, by monitooriag  tJic types  oldi+
dtythat4UCthCE)WUC3nl~hoW~
wan is funaioninp  we Qll gcncr-
acL&uiinfonnationondiuuuutime
aoslcsandapsnAlKaIeaLbatisdUIetwlt
5mtwhatymcanluvnbyloddnlatrail
CotB0rostrittga.

kqwzncedtosmtttottscottryaand
numinctkwoddweiivein  Wcwillsce
wiutarcaUynmtworldwclivcinandjust
mrybcwcwiUaopbratingsoiluifit
urcdin
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11th I*bW YlJKI(  ‘I’lnl&, 1 UwuA:

.

.’ In Old-Growth Forests, a Wealth of
Calwwr,l  From  P”#C c,

111  tropkai I.bdololr. Ilvl~,.  hllrn
kwc, .Id dr.d m~.ld,nl,  .,C dt..

‘-compowd r.pIdty  by bwrr~. .nd
lunal th.I tMv. *, MW w.rm. m
-y,tcm AW In IIV Icmpw.tc lo,_

**C,lb .I Ih. P.cIIk Nwhwerl,  .,,I,,..
P.d, “lVw”r IO k II.cbph,  * l b .
dec.mpDIlIh.  p,.cc**

Blllhnt o( crlrrmrly  Ibay  b~rcrt,,  ,
miles. “mlcrosplkr,”  nnd aher In.
rerlcbrnle, *wve .I bbln~lC.l  rrcy.
clbq mqlnn lb.,  lrdwr  ,oI,,  d M-

6
.“k Ilucr .nd debal,. Irma hg, lo
ll, cd moss  Ihnl I.1 I. tbe lorc,l

Iloor. into IhW, .td lher bll,. La..?,.-
rl. .nd hm&l Ilvbq h Ihe dl~zrtlve
trlkrtr  ol Iltc .rIlwPQds .nd h lbC
,.-dl lhnl p,n#rc,rtvriy  wpncrs, lb.
Ihely cwrhcd,  ..a- Ilvhy.  ll,,,,e  I,,,.
bmsk  “w,k,,l  cbemkils 40 Iced ro.,,
.nd.  bmc..  lb. .bovc-~lmmd  l c.,y,-

,r.p. ,.

Simply I0 describe and name Uw
ycwnnamed  specie,  ~111 l.kc yews.
k. par, bec.usc  lbe sheer  numbers 01
.rlblvp.ds  u1 even  . Srn.ll MC.. ac-
radvlg  I. Dr. Lain. Most  .I dte sod
.r,hqmds WC .rceed,ngly  sm.,,.  .I
NW .s I ., ¶ mc-hu.d,vahl  .I .n
l.cb lent. lb.1 IS .s w,.ll .s or
rm.lkr 1h.n ,hc p,lDd  .I the end of

lhk,  s.mmce. A n d  ,“rwy,  have
Ihown  1h.l II,. soil vnder  .  sbgk
sw.re y.ra  d rorcw C.” lmld .,
mlny .f ZOD.OW  miIes lmm . single
,ubwder  cd ml\=,.  the wlb.IM,.  noi
to mmlkvl  k”, .I lbw,a”d,  01 ocher_..~~ . ~.. (

Cell ,lsw.  r.nn.l dlsrolve k “.I.,.

Cub. In Iksw, c.4
“,,,sl  an,lrb.w be m.d.  fo
t.hvn up by th. ,..a. .I pi..t..

Each  .rlh.~.d  crtr.n, a d
rhl,wr  01 ruIrUkn  lr.,,,

Ih,
In.lt II,.,

VI* OIWC Ilvln~  cell tIl.IlW.  B.l In II*
p’ncs,.  zacll .IIblolmd clpac,
1~101. sull.ce WC. I” dumllpa,.f
b.rIrrl..  lln lmclrrl..  h 1.q bl+
clnmk.Uy  ~w,crs,  . II.CC “I.,. ccl1
wwwr 01) IIU pcncl’b  .nsl.cc III,*
,Ol~Ibl4-  cvqvwMIr.  Ill.kl,I* mm.  ml.
I~llkm  .v.llnhk lo lbr IK., .,Ibrqad
ullIll. cvolIu.ll
lcr bccornq?  M

baohrhlc  cell m.,-

.clhwy.  is &term&d by ulc d,ct.ry
b.bi,s 01 lbe roil arthropod,.

Thin-XCDO.  microscopy  Is .ccwn-

T.xonomisl,  working  In OIC  re@m
h.ve been .hk lo Wenllly &out 3.100
.,lh,o@ specks Iti 1 sin le re-
se.,ch  site.  lhc Il. J. Andrew, f rperl-
mcn1.l Fores1  In Dregm. . ,orl of
Ilvln~ lorr,t Waw.tory  opcrawd  by
,hc Unlled  Slrlr,  Fore,,  knke.

/ Many 01 #hose  spcck$  h.ve never
belore been nomcd  .nd dexrlbed. In

’ romparh”“. ,hccou”l  cll all SpcCk¶Ol  :
wp,,ks. bird,. .nd mamm.ls corn-

.



lwth Forests, a Wealth of Species Is Found &‘derfcm?

7fw Icchnkw pmcrvrs  the sol,
wl,h Ifs fm,,S In PIarc.  lrn,,, far~cr
bI,S of partly decnyed plan1 t,w,e, IO
mlcro%Dplc  salI  fmrlkks.  On cme.
such slfde.  Dr. Moldcnhe  sbmwd .
“IsIlor  Ihe lma~e  of wIm1  was clearly
I needle ,ron,  . cnnlferws  fwc. par,-
fY dccnYcd.  but llltl  mnrlly  ImlJCI.

Working in turn, tiny
creatures gradually
turn insoluble cells
iuto nutrients.

. In 11,~ 01d~rwfh forrs,,  IhC p r o .
CCSS I S  smnl?,l~es  F,w”rlr,ln#fy
Sl”*r  Snlf 0, anlS”,S  I,.? ,“,I ,,ow
romplc,ln#  I c‘I, dccom~~l,lnn  of
some @nn, ,rcrs  ,haI crashed fo
e.2,  11, “I~,  Ihe 1,me c01umbl+S SI@.
ed la,,d.

Maw%Ilkd.  bwmvn. lhc Small  nee-
SIC In Ihc wdf wr* mu 10 be nn arrcm-
>lrgr of fbous*nds  of Inllnllesfm~l
‘ecal  pelIcIS l rrm,Rcd In limos,  p,e.
:lscly  ,fm Shape  o( Ifw ~Cdk. No,
“8 l lfer ., blf cd n,fetr,,nn  IRIIS.
nilIlpe*S dncmld  011 II. R,b,dI”lf  I,
,P. Chercd-uf,  hlfs of vc~clnllm pnsr
lwough  Ihc hmfs’ dlgrsllve f,,c,,
II . mrIIrr  of seconds and .,c re.
kpoSlled  rrrtu~lly ln place  .I a pcl-
e , .

km rccounlmblc.  .I succ~sslvc
*““es of “mkroshwddrr” nr,,,,,,.

f”.
1% cru* wd par117  d,~eSI  IheSS

eraI pclktr.  flhc l serfcs  of m,nu,e
mI1lStmtS rbdb~ fmd d0wn  IO finer
msd  fbwr I, IS,‘i_ce,, IISsw  canno,  dlssolv~  In wn,cr.
Ye,  lor.IlvI,ll:  ecmy,tcm  10 pcrpe,,,.
me Ilrelf.  m,,,1c,,,  rbemlcalS  IhS, me
bcked lnln lnrolubk  ory.mk mole.
CUkS  )n IIsSuCS  d dead o,~nnlsm,
maa Snmefmr be nade sobthk  IO k
fake,,  us by Ihe romr 01 plan,,.

Each l fh,~od ~x,rm~S  cm,
*hISper  of nu~rl,fon from frm r

fhr
,I,;lc

P,rrlrrly  how dl Ibrrr hlolo~k;rl
8nd cl,cmlc.,l  ln,c,ac,lonS  occ,,,.  .nd
*hkh 01 Ihe tfw,urands  af Sf,eckS’
S~r”lv~l  IS  hey fo Ihc Survival  of
mbcrs.  are nmI,C,S  11111 n!rn.,ln
Iy undcrrtad.  “We’ve  rearber,be
Pnln, vbrrr *c kmv fur, . Il,,C h&l
mm + abin,, 0,” l.s,m. d,1w I”,?,, sol,
.I llw rmf of ,fw ,IK ZO,h  rcnwry  tI,.m
was know,  a, the by.lmdn#  01 If,e
IYlh.” Dr. Mohknlw  ,.Id
My3IcrlwS  DlrerSl,) I

And rcrc.,rrher, Sllll don’t know
why tbrre  arc Sn many Iwrr,ehrnre
swcks  In ,hc mres:  SOII ll,S, place.
“lhr,e  are Sllll  . 101 of ,,urr,,o,,,. . ~.

“‘IS once ll”hl CCfl ln*,,cr. B”, k ,f,e
PratsS.  each  arlhrofmd crpwcs

.“OW V”y lW,r3  $0 r”“~”  dlvr,~,.
I “%lld IN I.*,,,“~ *‘“‘,I ,hC ,rr, ,l,a,
ITVcy me  WI there I,, Such r.,ca, nun,.

-e Sunace  .Va IO decnn,pnrcr
barlcrla.  lhc brcterlr.  b, ,u,n,  b,,,.

krs r~w?,rrls  fh., they play . very.
“Ore ,,I.” c”oppea,‘p  D)w 0, p,nn,
CIIS. rrrSscn,hkd  fnfo . so,1  of ft_

;;V.f,,V,lM’ wfe b, d,e =OSYS*
cbemkrlly  procesr  P 1r.w~  more  C~II

SW punk  nf plsn,  mwe,. T h e n owltcr  on Ilr p*lkf’S  S,,,face  b,,r,
ny clumps of cell  tbsuc ~111. ln turn,

D r .  MolJrnkc  aErrcd “I dnn’f

egFGrb
I,

Mher  w,h,qmdx
Snfubk  cornfmu~f~.  mnklec wore  n,,. know wl,al  ,bc Imf,lk0lionS  of all Ilmf

the SO,,. the  ,,~r.v4tLe
frltft,”  r”~Ifrbk,ocbSsvr.I  whrofwd
,**,If.  C”C,I,“.I,

1
h,SOhI,lC  <+I, ,,,a,-

d,rSr,,,y .,c,” h. S”,d.  *‘wv,,,,vr  do”,

41.,lSSucS  become pro~resslvely ter  frcome? XI ubl: n~drlems
SnylxrIy “IS*. And Ihat’S ,hc ,c”ry
par,. I gurSS  “ha1 concerns  “S IS 11,~

lhe kinds of &cw~~raur~d  -S-
fcms lhal  morf  ccob~lsIS  have  ~fu6
led In lbe par, Is. very a,,,.~, p.~f  d
wha,‘.  re.lly  mu Ifwe.

“Whm you fuwe  .n mvltd ba o f
SpcckS.  Ii nwns  almml  by Jeflnbbn
:,=p;ud;;gr:n  jw&ws&%tlm~

place. II WC Inand cm&we  lo II.,,.
.ffe IwesIS on lhe barIS tha, ,I.s -
*ysIrm h mu& more  Slmpk  ffwn k
rellly IS. WC may Ix Sef,h#  ar,s&eS
up fen . bib surprllc,  and U I., a
be ” “(cl? S”,P,lN’.

lhaf  by #,W,fySb,8  Ifw tbc,uan,,d~  d
rr,hmpodS  I,, . IIn cwa  1uIf  of aIf
IroR . sue. I ,eScarchcr  cnufd  pm.
dkf rllh .ccu,acy If,, cmJ11& d
Ibe I** IISrIf.

“AS . ro,,,,  0, knark# lh.,  ml-
frm. I”
Ihe AIJ

one coldd  fake . mmpk k
,S”S Farcsf  lb,d OUI vdml

llan d ye., It W.S Iaktn. wbefhc,  ”
c.mc fran ” north  or smuf,  slqr~
*haI lhc mds,ure  cmlem of Ihe soli
-a*” Dr. Mofdmkr  uId. “I,, some
Lrr.1. ff could  fell ya, “ha, kf,,d of
wee “.I nearby  aad fmw IU .“.Y.”
mwwy MUSS

AS l rlmpllfkd  l rrmpk. hc SSys
sn mbundance  d lb37  ml(n  calkd
Eufofmmmf~.  whkh ..c *bright 0);
l nac-yefb- Snd look  IHe. ~nrofln+
fruck.‘*  Indk.lC  Ifml  . SIIC IS ,e13t,.c.
ly dry and fn . y-8 forest.  Cm the
olber hmld UI &mdmlcc  of Ere-
Iwan mIteS.  rftIcf,  “ti lIkc f,,SIkS
rhh . palIn,, o( red d.nS.”  f,,dfc.l”
. nw(a SIIc  In dd 8rmvfh  Iom~:.

-. _ -
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I One Hundred Twenty Thousand Little Legs

Andrew Moldenke

Nowhere are the critical roles of in- No one has ever counted the num-
sects and other invertebrates easier to ber of kinds of bacteria and fungi un-
understand, yet more poorly investi- der a single tree in the forest; no ecolo-
gated, than in forest soil. Proper
growth of forest trees depends on re-

gist knows just how many chemical
transformation processes are neces-

ceiving appropriate nutrient levels sary for the full recycling of nutrients.
and water from the roots. The meta- We do know, however, that in undis-
bolic activity of fungi and bacteria turbed forests there are 200 to 250 spe-
liberate nutrients through litter de- cies of invertebrates per square meter
composition and chemical transforma- offorest soil in the Pacific Northwest -
tions of the soil. Experiments have
shown that insects and other micro-

probably literally thousands of kinds
in all the microhabitats of a square

arthropods control these rates. mile of forest. There are 100,000 to

Dead logs are crucialfirfirest  he&h Thefinalstep in nutrient recycling is
uptake of nutrients by mywrrhizal fungi, which pass nutrients to the trees
in exchange fir phobsynthetic sugar pumped to the nuts.  Here the mycor-
rhizal fwrgus Russula  emetica  is attached to the nwts of western hemlock
Photograph 0 1990 by Gvy Braasch
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-0dontodamaeus  veriomatus is one of
the larger (750 microns or about .03
inch) fungiwrous oribatid mites There
are 100,000 to 200,000 oribatid mites
per square meter of undisturbed Rzcific
Northwest forest Scanning  electron mi-
crograph by Al H. Soeldner:

200,000 oribatid mites per square me-
ter of undisturbed forest, including
perhaps as many as 75 species. Forest
ecosystems cannot afford to lose spe-
cies such as these, which are involved
in critical nutrient recycling.

In our conifer forests, the pioneer-
ing work of Forest Service mycologist
Jim Trappe has shown that most es-
sential nutrients are passed to trees
through a network of symbiotic fungi
known as mycorrhizae. Mycorrhizae
may be microscopic fungi deep within
the tree roots, dense sheaths offungal
tissue wrapped around the root tips,
or even meter-wide mats of woven fun-
gal hyphae permeating the soil while
attached to the tree root. There might
be as many as 150 different kinds of
mycorrhizae on the roots of a single
Douglas-fir tree. Different kinds of my
corrhizae provide different services to
the tree, such as nutrient uptake and
resistance to drought and disease.

The mycorrhizae don’t act alone.
Many different types of soil bacteria
and fungi are required to perform the
many transformations necessary to
break down the complex organic
chemicals in litter, wood, and car-
casses. The role of soil invertebrates is
to facilitate these processes by stimu-
lating the growth of microbes, mixing
the substrates, aerating the soil, and
transporting spores and living fungal
hyphae to a place where they can grow,
thereby driving the succession of the
myriad different microbial species liv-
ing in the soil.

The strikinglycolored millipede
Harpaphe haydeniana is a crucial eco-
system link. It grazes on fallen conifer
needles, and by crunching up many
plant ceils, mixes their contents with
the bacteria in its gut. Then it deposits
a fecal pellet, which is attacked by a
different set of bacteria which further
the decomposition process. The fecal
pellet is invaded by fungi, eaten by a
smaller arthropod like the chocolate-
brown oribatid mite Odontodamaeus
veriornatus, exposed to yet a different
set of enzymes and gut bacteria, and
transformed into smaller fecal pellets.
Then, perhaps, an immature Har-
paphe  engulfs many tiny fecal pellets,
mixes them with the mineral soil, and
starts the whole cascading fragmenta-
tion process over again.

The numbers and kinds of soil
fauna are so large that forest man-
agers and soil scientists mistakenly
take them for granted. U.S. Forest Ser-
vice silviculturalists  have learned
that examination of the diverse forest
understory can reveal critical aspects
of soil type and moisture availability
more efficiently than chemical tests.



Likewise, soil invertebrates can be
used as “biological probes- of soil pro-
cesses that operate over time scales
and spatial scales that are difficult to
monitor in the field.

Chemical tests measure chemical
concentrations at a moment in time,
and seldom distinguish between what
is there and what is available for tree
growth. Tree growth integrates all the
numerous factors affecting a tree over
decades; it is difficult to distinguish
soil-related factors from all the other
types. Most soil creatures have sur-
prisingly long life cycles: (Odonto
damaeus probably one year; Harpaphe
probably several years). Their growth
rates integrate over several months in
small areas of forest soil many of the
properties important for tree growth.

Soil arthropods respond clearly to
soil properties relevant to their ways of
life: soil temperature, moisture, fun-
gal abundance, limiting nutrients,

The cyanide-producing 3- to 3!54nch
millipede, ?Iarpaphe haydeniana, is a
conspicwus part of Northunst  conifer
firests By feeding on fallen needles, it
starts the lengthy decomposition pm
cess necessary for nutrient recycling.
Photographed in the H. J. Andrews i%
perimental Forest by Trygvc Steen

soil structure. Individual speciesshow
strong preferences in the stages of for.
est succession and their populations
respond numerically to abundance of
resources. Because most of them have
very limited mobility, they highlight
localized distributions of nutrients.
Using a statistical program that al-
lows comparison of the relative abun-
dance of large numbers of species, it is
possible for me to examine a sample of
arthropods extracted from the soil and
to deduce not only what sort of forest
they came from, but how far the soil
was from the nearest tree and even
sometimes the species of that tree.

My colleagues and I are using mi-
croarthropods to examine questions of
“biological legacy”: how long does the
biochemical signature of an individ-
ual tree remain imprinted on the local
soil ecosystem once it blows down or is
cut? Does this legacy influence the
pattern of vegetational change that
occurs, perhaps even determining the
species of tree that takes its place? Do
management practices such as slash-
burning and the use of herbicides have
longlasting effects on the soil that can
be detected years or even decades
later? If we are managing forests for
posterity, and not for short-term gain,
we need to know the answers to these
sorts of questions.

Biodivenity will always be of in-
terest to museum scientists like me,
but public support for insect diversity
is concentrated on showy species. It is
the maintenance of the total diversity
that keeps ecosystems running effec-
tively. More scientists need to develop
techniques that show managersof fed-
eral lands the utility of using biodiver
sity as a practical tool.

SUMMER1990
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It is likely, based on Petersen and
Luxton’s review of world soil fauna,
that temperate soil diversity equals or
exceeds that of tropic soil. South-d
estimates that about 80 percent of the
temperate forest insect fauna spend a
significant portion of their life cycles
in the soil. In absolute terms, then, it
is quite probable that the highest
levels of terrestrial diversity any-
where on earth occur in the soils of our
temperate forests.

Every time you take a step in a
mature Oregon forest, your foot is

being supported on the backs of 16,000
invertebrates held up by an average
total of 120,000 legs. Just think how
many creatures it takes to support a
single tree.

Dr: Andrew Moldenke  is a research biol-
ogist and teacher in the Department of
Entomo~gy at Oregon State University
His interest lies in the interactions of
invertebrates and their environment,
particularly the subjects of pollination
ecology and soil fauna

This fall, Sierra Club Books will pub-
lish Buttefly Gardening: Creating
Summer Magic in Your Garden, by
the Xerces Society and the Smithson-
ian Institution. Advance orders will
be filled at that time.

The book features more than 100
close-up color photographs of butter-
flies and flowers, garden design dia-
grams, a master plant list, and essays
by leading butterfIy, gardening, and
conservation experts. The book, which
will sell for $18.95 retail, is available
to Xerces Society members for $14.95
plus $2.50 shipping and handling. If
you are not a member, you may join
Xerces now and order the book at the
discounted price. To order, send a
$17.45 check or money order to: The
Xerces Society, 10 SW. Ash Street,
Portland, OR 97204.

An Oregon Silver-spot Butterfly Re-
covery Team has been reconstituted
and is actively working on conserva-
tion measures for the species and its
habitat. Speyerio serene hippolyta is a
threatened butterfly that lives along
the Pacific coast from southern Wash-
ington to northern California. Its hab-
itat is endangered by development and
forest succession.

The team includes Xerces Society
members Paul Hammond, Cathy Mac-
donald, Dennis Murphy, Paul Opler,
and Katrin Snow. For mole informa-

‘tion: Paul Opler,  United States Fish
and Wildlife Service IIJSFWS) Office of
Information Transfer, 1025 Pennock
Place, Suite 212, Fort Collins, CO
80524, (303) 493.8401.
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Integrate Soils Interpretations
for the Five Resource Concerns

Into the Planning Process
as They Relate To:

- Conservation Practice ’

Physical Effects

- Quality Criteria

b Practice Standards



PROCEDURE FOR DEVELOPING SOIL INTERPRETATIONS
FOR THE Ci)PE PROCESS

.

Step 1
Develo

k?
list of soil properties/data elements that effect the

resourc concern.

Step 2
no

iZ5&K”$~dkeK?c(k  orqol)
a ly be selected to solve this

If YES, then go to Step 3,ifN0 then go to the next question.
Askzpld the implementation of this practice affect the

‘!!!za%!~b~
o to Step 3,if NO then go to the next cOncem

Step 3
List soi
applrcabrt?

ro
lr

erties that influence the desi
(+ or -) of the practice to so

a
69

d/or
e t e concern.

Th test statem
IIeat property0fnt for si

sorl ma untts orjnifi”ye,&$J@r~~~~a~,  of

Step 4

‘nte
tZE%Tdtep3:

retive criteria for soil properties/data elements

Step 5
Create lannin consideration statements for the soil
interprkve crrperia.



Process

- Identify. Critical Practices

- Form Interdisciplinary Team

- Identify Critical Soil Properties

b Develop Criteria Tables

1 _-----



LIST OF SOIL PROPERTIES / DATA ELEMENTS

AWC (Aridic,  Udic, & Ustic)

Cat203  EQUIVALENT AND/OR CaSO4 EQUIVALENT

CAPABILITY UNIT

CEC

COARSE FRAGMENTS

DEPTH TO ROCK OR CLMENTED PAN

FLOODING

K FACTOR

ORGANIC MATTER %

PERMEABILIT

PH

PLASTICITY INDEX

SALINITY (Commodity Crops or Adapted Pasture)

SARIESP

SLOPE (% and/or Aspect)

SOIL ALBEDO

T FACT’OR

TEXTURE

VADOSE ZONE

WATER TABLE - PONDING

WIND EROSION GROUP

WIND EROSION I VALUE



Soil Interpretations for CPPE Process
Conservation Practice: Conservation Tillage - Mulch Till
S WAPA Resource: Water
Resource Concern: Quality - Ground Water Contaminants - Pesticides

Soil
PropertyI---Permeability

Texture

Water table

;

Portion
Pedon

c40”

layer1

whole
soil

Rating

slight
moderate

severe

slight
moderate

severe

slight
moderate

severe

Property
Limits

<: 0.2 inlhr
0.2 - 6.0

7 6.0 inlhr

Resource Concern
Statements

deep pert
deep pert ,

deep pert

clays
loams
sands

high trans.
high trans.,

low sorp. poten.

7 5’

+ to 5’
shallow wtr. tbl.
shallow wtr. tbl.

r



- Algorithms

- Field Office Computer System

- Soils Database

- Soil Interpretations

b Eco-Based Conservation Plan
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ABSTRACT

Knowledge of the spatial distribution of land treatment

practices within a watershed is needed to assess the impact

of conservation planning and practice application on water

bodies impacted by agricultural nonpoint source (AgNPS)

pollution. The U. S. Geological Survey’s River Reach

database was utilized for lov precision georeferencing of

land treatment and management practices in the Dairy-McKay

Hydrologic Unit Area (HUA) Project in Oregon. The Graphical

Resource Analysis Support System (GRASS) geographic

information system (GIS) was used to produce maps allowing

spatial tabulation of conservation practice application with

the River Reach Number (RRN) as a tag. The RRN proved an

effective way to aggregate conservation practices within the

HUA in a hydrologically-meaningful way. Vadose and phreatic

zone attributes important in determining the movement of

AgNPS pollutants within the HUA were able to be associated

with subasins drained by specific RRN-designated stream

segments. This allowed transparent access to vadose zone

information needed for water quality conservation planning.
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INTRODUCTION

The fundamental data carrier of physical land

attributes used by the Soil Conservation Service (SCS) in

planning to conserve the soil resource is the soil map unit

(Soil Survey Staff, 1991). The term **data carrier” in this

context implies: a) a spatially-delineated, georeferenced

portion of the the earth’s surface, with which b) a number

of physical and chemical attributes are associated. The

first characteritsic is represented either by hand-compiled

soil map unit delineations, or by digitized delineations in

a geographic information system (GIS). The second

chracteristic  is exemplified by the practice of naming soil

map units for soil series, which are physically represented

by a type pedon (Soil Survey Staff, 1975). Soil

interpretations for the map unit or a phase of a series

(Soil Survey Staff, 1991) are conveyed in narrative or

tabular form, or as attribute data in a GIS. The

conservation planner uses the principle of cartographic

generalization (Buol, et al., 1973) to group map unit

delineations in a given geographic area into various

interpretive groups, manually or electronically, to meet his

planning needs.

The SCS also has the responsibility of planning for

four additionnl resources: water, air, plants, and animals

(Soil Conservation Service, 1990a). It is now necessary to

‘determine the physical effects relevant to each resource

during the planning processl’ so that the planner can OBselect



combinations of practices that solve the identified or

predictable problems without creating new problems.” (Soil

Conservation Service, 1990b).

The Conservation Practice Physical Effects (CPPE)

matrix of the Field Office Technical Guide (Table l)‘lists

two aspects of the water resource, quantity and quality,

that must be considered in conservation planning (Soil

Conservation Service, 1990b). The CPPE matrix, in its

present state, presents the conservation planner general,

.qualitative  effects ratings. There is often a range in the

rating for a given effect. The planner, however, must make

a site-specific assessment of conservation practices

physical effects in order to design her conservation

management system (CMS) for a field or other conservation

treatment unit (CTU) (Soil Conservation Service, 1992).

To adequately assess practice effects on water quality,

the planner must know where she is in relation to

potentially impacted surface or groundwater bodies. This

requires geographic data, but not of extreme absolute

precision. Some knowledge about location in relation to the

surface drainage network in a watershed and relative to

groundwater recharge areas is Usually  sufficient. She must

also know the physical characteristics Of the root, vadose,

snd phreatic zones in order to assess pathways of pollutants

to the potentially impacted waterbodies (Soil Conservation

Service, 1999). This suggests some knowledge of attributes

about the geographic area of concern. This information is

/s3:,
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available for the root zone in the soil survey. For the

vado6e zone, however, there is no comparable, easily

retrievable information. It must often be generalized from

sources intended for another purposes, or is ~of less detail

than needed.

The objective of this paper is to present: a) a system

for the low-precision geo-referencing required in water

quality conservation planning, and b) suggest a way to make

vadose zone information more readily available to the

.planner. This system does not require an electronic GIS at

the field office level. Because it has a geographhic

component, it facilitate6 CPPE determinations for

conservation practices effectiveness monitoring, and is

useful in implementation and project monitoring (EhTA

Committee, 1990; MacDonald, et al., 1991; Soil Conservation

Service, 1991).
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METHODS AND MATERIALS

Geo-referencing

River Reach files were obtained from U. S. Geological

Survey (USGS) for the Dairy-McKay Hydrologic Unit Area (HUA)

in Western Oregon (Fig. 1). In this geographic database

each stream segment, at l:lOO,OOO scale, is assigned a

unique numerical designation, the River Reach Number (RRN).

The system was originally constructed from map scales of

1:250,000 by EPA, and USGS has extended it to l:lOO,OOO

scale to pick up smaller tributaries (Mike Darling,

pereonnal communication, USGS, Portland, OR) (Fig. 2).

A series of maps coincident with standard USGS 7.5 min.

topographic quadrangle6 (Fig. 1) were generated, using the

Graphical Resource Analysis Support System (GRASS), that

depict the RRN associated with a particular stream segment

(Fig. 3). Practices applied to fields in tracts of land

within subbasins of the HUA were spatially "taggedtl at the

field office level by assigning field6 to the appropriate

stream segment as identified by the RRN. The 7.5 min.

topographic quadrangles were used to assist placing farm

(operating unit) fields in the appropriate basin of a RRN-

designated stream segment.

VadozelPhreatic Zone Attribute Data

A list of vadose and phreatic zone attributes (V/P

attributes) that were deemed important in assessing

subsurface pathway6 of pollutant6 to groundwater and surface,
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water bodies (Caine and Swanson, 1999; Driscoll, 1986;

Freeze and Cherry, 1979; C. E. Stearns, personnel

communication, USDA-Soil Conservation Service, Portland,

Oregon) was established (Table 2). Readily available

geologic reports were canvassed (Allison, 1953; Hart and

Newcomb,  1965; Schliker and Deacon, 1967) and expert opinion

used to specify unique sets of V/P attributes for subbasins

drained by selected RRN-designated stream segments within

the HUA. The unique set of V/P attributes was then assigned

to the respective RRN, similar to the assignment of

representative pedon laboratory characterization data to

soil survey nap units (R. B. Grossman, personnel

communication, USDA-Soil Conservation Service, Lincoln, NE).

Data quality is indicated as high (actual well data and

studies in a m-designated subbasin use to estimate

attribute values), medium (geologic reports and maps of the

basin or region evaluated and extrapolated to a F&B-

designated subbasin), and low (educated guesses based on

general knowledge about the geologic character of the basin

or region used to make general statements about a RRN-

designated subbasin).

.
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RESULTS AND DISCUSSION

Georeferencing

Table 3 is a sample of farm (operating unit) fields

from the Dairy-McKay HUA which have been tagged with their

respective RRK. The general location of selected operating

units in Table 3 is shown in Fig. 3. The fields were

assigned to a particular RRN based

within a subbasin of the watershed

stream segment drains. Therefore,

spatially track the application of

managment practices that have

quality of a particular water

Note how some fields within a

same RRN, while others within

RP.Ns (Table 3).

on that field falling

that the RRN-designated

it is possible to

conservation and

the potential to impact water

body by sorting fields by RRJJ.

given tract often have the

that sane tract have different

River Reach Numbers, once assigned to a field, can be

stored in the current SCS data managment system for the

field office, CAMPS (Computer Assisted Hanagment and

Planning System). They can then provide a spatial dimension

to the field office electronic data base that is meaningful

to water quality conservation

onsite.

planning, without having a GIS

The River Reach database contains a number of

attributes in addition to the RRN. For instance, there are

pointers indicating the adjacent upstream and downstream

RRNs for each RRN-designated stream segment. This makes it

possible to consider general routing of agricultural

I
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nonpoint source pollutants within or through a watershed if

a local GIS database or watershed hydrologic model is

unavailable. Also included is a &ream level identifier

(LEVEL), which in essence is a reverse Strahler stream order

(Ruhe, 1975).

Vadose and Phreatic Zone Attributes

Once a low precision, relative georeferencing system is

available ,  i t can be used to convey attribute information.

Table 4 gives the assignment of V/P attributes to selected

RRNs found in the Forest Grove, OR USGS 7.5min. quadrangle.

The attribute information can be general or detailed, based

on the availability of resource references and subject

matter expertise.

There are no specific depth or lateral limits implied

in the above assignments. It is suggested that, as a

minimum, V/P attributes realized from the bottom of the root

zone to the top of a regional  water table (Driscoll,  1986),

and vithin a hillslope segment from a first- or second-order

divide to the respective first- or second-order drainageway

should be considered. This represents a basic segment of

almost all landscapes (Ruhe, 1975), and corresponds to the

conceptual models frequently proposed to convey subsurface

water flow to surface and groundwater (Freeze and Cherry,

1979; Hall and Olson, 1991). Low-order hillslopes are also

important elements in sediment delivery to surface waters

(Caine and Swanson, 1989). The collection of V/P attributes

I.57



assigned to SIMS in a watershed should give a sense of the

depositional system or three-dimensional facies

relationships (Galloway and Hobday, 1983)

the geology underlying the main watershed

important to determining the direction of

flow.

that characterize

and that are

vadose-zone water

The assignment of V/P attributes to a particular FUW

can be considered a ‘propositional pedon” in Holmgren’s

sense : observational propositions are associated with a

.a (space inclusive of the feature under study, in this

case physical parameters of near-surface earth materials

important in dictating water movement) geographically

referenced to a w (a particular location, in this case

identified by the RRN) (Holmgren, 1998). It represents an

application of Holmgren’s pedon concept to e geographic

point location at a scale smaller than typically used in

detailed soil survey work, however. The RRN might also

serve as the focus for referencing additional stable-static

and temporal-dynamic geologic, soil,  or surface feature5

(Arnold, 1990; Grossman, et al., 1990).

Benefits to the Conservation Planner

The planner is forced to make daily decisions about

specific tracts of land in the conservation planning a;:d

implementation process. Yet he is often faced with a

paucity of easily obtainable information about the specific

location vhere he is planning. It is best that she make
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informed

resource

decisions, and to do that she must have up to date

information available in a transparent, easy to

obtain manner.

The ideas of Holmgren (1988) are again appropriate: "In

the modern informational sense, we are concerned with

propo6itions  about location rather than with the properties

of polypedon6.e. He is referring to the information age6

liberation from artificial construct6, ruch a6 the soil

scientists polypedon, that in the past were needed to convey

spatially referenced attribute6 of volumes of the earths

6urface. We no longer require such conetructs. All our

planner needs are borne proposition6 about location:

propostions about water and agrichemical movement in a

specific volume of the the upper portion of the earths

CrU6t.

CONCLUSION

This study indicate6 that the River Reach database

provide6 a rather simple means of cpatially  tracking

conservation practice6 ueing currently available technology.

After, initial importation of the database and creation of

quadrangle-sized map6 depicting RRNs, a GIS 6ystem is not

needed to spatially track practice application at the field

level.

Coupled with an electronic data managmement system, as

complex a6 CARPS or as Simple a6 a Spreadsheet, practices

can be aggregated by hydrologically meaningful units within

is+
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watersheds, using a system recognized by other Federal and I

State agencies. This aides in attempting to estimate the
I

potential impact of conservation practices on AgNPS

pollution and water quality in project areas. I

The potential for use of the River Reach database to

organize and convey vadose and phreatic zone information to I

the planner should be further investigated.
I
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Fig. l--River Reach database coverage that includes the

Dairy-McKay Hydrologic Unit Area (HIJA) Project.

Fig. 2--Definition of component parts of the River Reach

Number.

Fig. 3 --Identification of SEG_RM  portion (in red) of River

Reach Numbers (RR.N) in a portion of the Dairy-McKay

Hydrologic Unit Area (HUA) Project.
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(HUAI  Project.

I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I

RRN =

HUC =

RRN = HUC_SEG_RMI

River Reach Number

USGS 8-digit Hydrologic Unit Code (Example: 17090010)

SEG =

numbers from 1 :lOO,OOO

RMI = Reach Number - the distance (in river miles) of
a stream segment (SEG) upstream
from the ‘uncture  with a hrgher order
stream. Base reach numbers start
at 0.00

Example RRNs:

17090010_012_5.04

170900 10_648_0.00

Fig. 2--Defin&iFbe3f component pans of the River Reach
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Fig 34dentification of SEt_Rt$ ponion (in red1  of River Reach Numbers lRRNl  in a portion of
flw Dairy.McKay Hydrologic  Umt Area IHUAB Project.
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Table l--Selected Conservation Practices Physical Effects lCPPE) for water quality

Aspects/Problems
------------------__----___----------~~~~~----__~-~~~~_~~--~~~~~~~~___________________________________________
Groundwater Contaminants Surface Water Contaminants

___-______--_-_-_--_---~--~--------~______________~___________ ~---__~___~~~__-______~~~~___________________________~~~~~
Nutrients Nutrients Low
and Organics Heavy Metals and Organics Dissolved Oxygen

(Groundwater (Groundwater (Surface water (Surface water
quality is quality is quality is quality is
degraded because degraded because degraded because
of contamination

degraded because
of the introduction of contamination of inadequate

by natural or of natural or by natural or supplies of
human-induced human-induced human-induced dissolved
nutrients, or metakl nutrients, or oxygen.)
from animal from animal

- Other and other and other
Practice Explanations wastes.) wastes.)
__~~________________~__~______~~__________-~.~~~~___~~~~___~______~~~__~~~~~~~~~_-~~~__~~------~-~~~~__~~~____________~~_________________-___________________________

680b - Applies to
Nutrient organic waste,
Management; commercial
Excess fertilizer,

legume crops,
crop residues,
all agricultural
land.

Significant
decrease because
excess nutrient
applications are
reduced. Effects
variable because
of climate,
nutrient, soil,
and vadose zone
factors.

Slight to moderate Signifcant Significant
decrease because decrease because decrease in
of increased excess nutrient dissolved oxygen
flexibility in applications because excess
selecting areas are reduced. organic waste
for waste Effects variable applications
application. because of climate, are reduced.

nutrient, soil, Effects variable
and vadose because of
zone factors. climate,

organics,  soil,
and vadose zone
factors.

__________-_.______________________~~~_~___~~_____~~~~~___~~~____~~~~~~_~~~~~___~---~~~~-~~~



Table 2--Set of attributes for the vadose and phreatic zones

A. Groundwater region (Heath, 1984)

B. Recharge area of domestic/public groundwater supply? (yes or no)

C. Regolith stratigraphy

Regolith thickness
Regolith origin
Regolith stratigraphy (grain size, bedding, rock unit names)
Depositional system (Galloway and Hobday, 1983)

D. Bedrock stratigraphy

Igneous or metamorphic? (yes or no)
Sedimentary? (yes or no1
Regional structural features (type)
Localized structural features (faults, deformation)
Rock type(s) (include rock stratigraphic unit name)
Bedding (orientation, thickness, type)
Strike and dip of beds
Soluble constituents (gypsum, soluble salts)
Fractures/Voids (type)
Depositional system (sedimentary only)
Structural basin (name)

E. Phreatic zone (saturated zone)

Perched water table? (yes or no): If yes, then:
Number
Depth
Elevation relative to confluence with downstream MN-designated

stream segment (above or below)

Regional water table? fyes or no): If yes, then:
Number
Confined or Unconfined
Water table depth if unconfined
Water table elevation relative to basin baselevel if unconfined

(above or below)
Aquifer depth if confined
Aquifer thickness if confined
Potentiometric surface relative to ground surface (above or below)
Aquifer (rock stratigraphic unit name)
Regional water table discharges to streams in rubbasin? (yes or no)
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Table 3--Assignment of fields within selected tracts of land to stream segments
identified by their River Reach Number.

;F;ratiw Practices+
Tract Field Size 411 680 328 633 RRNf

_-.---.--.----.-.---------.------..--..--..--.---..~.....~~-..~~.~.~~~~...~---...-------.---...--.-.~.-~~~~..~~__

A

B to01 58

82

C

D

D2

E

E2

G

Gl

I

to0121

too23 1

to0256

to002 1

too529

t o o 5 5 9

t o o 2 5 2

to051 7

t o 0 2 0 2

100202

100203

t o 1 1 1 9

ha

: 140 9’1
7 2:5

:b :*:
3 52:s

: z
1 714

4 8.1

1 15.1

: ‘36.96
4a 10:1
kac 22 1:4 5

: z.:
: 15.9 7:5

: ‘Z .

: 2

45 1:::

: !:Z

1

z 2Ym!  1311

X
X
X

X
X
X

X

X

X
X
X
X

X
X

X
X
X
X

X

X

X
X
X

X
X
X

X

X
X
X

X
X
X
X

X
X

X
X

X
X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X
X

X
X
X
X

X
X

X
X

X
X
X
X

X
X
X

16 0 .00
1 6 - 0 . 0 0
16~0.00

6 2 3  0 . 0 0
6 2 3 - 0 . 0 0
623:0.00

X 617_0.00

36-0.00

;;;-;.;;

606_0:oo
606-0.00

36;O.OO

6 5 6  0 . 0 0
1 6 4 . 2 0

6 5 6 - 0 . 0 0
14:o.oo

14 4 .20
1414.20

g;_;.g

632-0:OO
632:0.00

15-1.74
;“5_;*;:

_ ’
_.__.-.-___~-.____....___.__----.----------...----..-...---...---------.----.--.....-..~~-.~~~__.-_.~__.~~~~~~.-.

+Subset of conservation practices applied to respective fields: 411 mgrasses  and
legumes in rotation, 680 = nutrient managment, 328 = conservation cropping
sequence, 633 = waste utilization.

‘%5EG_RMI portion of RRN (River Reach Number) for HlJC=17090010.
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Table 4--Selected vadoselphreatic  zone attributes for some River Reach Numbers (RRNJ in the Forest Grove, Oregon 7.5 minute
quadrangle.
_________~______~__~__~~_~__~---~~~-~~~~~-~~~~~~~~~~~~---~~-----------------------~-~---------------~~~----_---___~-~~__~---~~~~~~~~~~~~___~~~~______________________________

Water Table
Water

Ground-
Elevation

Perched Regional Conf.4 Table rel. to Aquifer
Recharge Water

Oischarges
water Water

RRN+
Depth

Region+ A r e a
Baselevel

Table
Depth

Table N o .  zconf. (Unconf.1 RJnc0nf.i (Conf.1 !%eams
~~~~~-______~_____~___~~~~___~~~~~~~~~____~~~~~__~_________~~~~----------~---------~~~---~__~~~~__~~_____~___________~~~_______________*_______________________________________

m m m

19_0.00 Alluvial yes no ves 1 Unconf. 1.5-3.5
Basins

above NA ves

17p.00 gTn;’ ves no ves 2 Unconf. 1-3 above
Conf. NA NA Yrz - 3 5

617_0.00 Alluvial yes no ves 2 Unconf.
Basins

2-6 above NA
Conf. NA NA

ves
122-170 no

---------------__---~-~-----~--~~~--~~~~~----~---~~~---~~~~~---------~----~~~~~~~~~~---~~-----_-~~~~~~~~~__~~~~~_~~____._______________________________________________._
3

$H
UC portion of RRN = 17090010.

t; According to Heath (1964).
‘Conf.  = Confined aquifer, Unconf. = Unconfined aquifer.



Practice Total by River Reach Number
(Acres)

RRN
Nutrient Conservation

Mg-t. (590) Tillage (329)
Irrig. Water
Mgt. (449)

Subbasin
Area

15-1.74 11.3 11.3 11.3 1502
:<
b 15-2.85 436.8 251.8 300.9 1031

17-0.00 402.3 228.0 264.8 6000

36-0.00 64.8 14.7 64.8 1333

629-0.00 92.4 0.0 50.0 533

630_0.00 87.0 0.0 49.5 222

RRN = River Reach Number
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A GUIDE TO
RECLAMING  HEAVY-METALS COhTAMINATED  SOILS

IN THE COELJR D’ALEhX  RIVER VALLEY

F. B. Frutchey
Kootensi County Natural Resources Department

spring, 199-l

Much of the soil in the lO,OOO-acre  Coeur d’Alene River valley has become contaminated with heavy
metals over the past 100 years. Mine tailings in the alluvium from yearly overflow has deposited a
foot or more of medium-textured materials over the original fertile silt loam and peat muck soils.
The lead content in this material generally tests between 4,000 to 6,000 ppm; the pH is 4.5 to 5.4.
The U.S. Department of Agriculture, Soil Conservation Service (USDA-SCS) Soil Survey Manual
has dubbed these contaminated soils “Slickens.”

Data collected from remediation/restoration  efforts in other parts of the United States and Canada
corroborates the results of local efforts to rehabilitate heavy metals contaminated soils. Over the past
20 years, it has been demonstrated that slickens  soils can be managed to stabilize the heavy metals in
place by absorption as well as revitalize the health of this soil to support a myriad of v;ildlife.  In the
process, the vegetation in reclaimed areas is sufficient to withstand soil erosion from highwater
events, and act as sediment filter and as a phosphate absorber. thereby protecting Lake Coeur
d’Alene.

The Coeur d’Alene Basin Restoration Project (CBRP) is now entering the implementation phase, and
various agencies and, consequently, landovvners,  including several governmental agencies, have been
struggling to rehabilitate of heavy metals contaminated soils. In this area, few have had much
experience in this regard; thus, vegetative capping has largely met with poor results on public lands.

Some of the private landowners along the floodplain of the Coeur d’Alene  River have been
researching and SUCCESSFULLY implementing stabilization on their soils during the past rwenty
years in order to: 1) control (heavy metals contaminated soil) erosion caused by the annual flooding;
2) rehabilitate the health of the soil by stabilizing the heavy metals in place (tieing up these metals,
making them bio-unavailable); 3) provide nutrients essential for life (nitrogen, phosphorus. and
potassium); and 4) provide feasible seed crops of heavy metals adapted reclamation grasses, as well
as safe, suitable grazing for both domestic animals and wildlife.

At the prompting of the U.S. Geological Survey and the USDA-SCS, the author has compiled this
data plus experience gathered over the past 21 years in this guide SO that others may have quicker
success in this reclamation effort.

-I-
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MEMORANDUM OF AGREEMENT

(MOA)

Presented by:

Arlene J. Tugel
Soil Scientist

West National Technical Center
SCS, Portland, Oregon

at

Western/Midwestern Regional Cooperative
Soil Surve Conference

June 1 -17, 19943
Coeur d’Alene, Idaho
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M’emo of Agreement (MOA)

F Four federal agencies with wetlands
protection responsibilities, in a new
memorandum of agreement, recognize
the U.S. Department of Agriculture s
Soil Conservation Service as the lead
federal agency for delineating wetlands
on agricultural lands. This action will
provide more certainty for farmers and
provide more effective coordination
among federal agencies with wetlands
protection responsibilities.

- - - - I - * - .- _ m m m - E - - -



Memo of Agreement (MOA)
Delineation of Wetlands

Interagency agreement
USDA
USDI
EPA
US Department of the Army



Memo of Agreement
Delineation of Wetlands

Soil Conservation Service (SCS)
Corps of Engineers (COE)
Environmental Protection Agency

(EPA)
Fish and Wildlife Service (FWS)



-‘mmmmm----- mmmmm-.-q!

Memo of Agreement (MOA)

b Under this agreement, farmers will be
able to rely on Soil Conservation Service

G wetland maps for determining the extent93 of wetlands under both the Farm Bill
(also known as the Swampbuster
program) and Section 404 of the Clean
Water Act.



3

MOA Delineation of Wetlands

Purpose

b To specify the manner in which wetland
delineations and certain other deter-

-
7! minations of water of the United States
_. made by USDA under the FSA will be

relied upon for purposes of CWA
Section 404.



Memo of Agreement (MOA)
Delineation of Wetlands

b Subtitle B of Food Security Act
.

% (FW
+F

b Section 404 of Clean Water Act
(CWA)



Memo of Agreement (MOA)

Eliminate duplication

SCS makes delineations on all
agricultural lands.

SCS identifies “other waters”, in
coordination with the COE, when they
are in the field identifying wetlands after
appropriate guidance has been given.



~~~IImmn-mm~rl-l---*~

Memo of Agreement (MOA)

Eliminate duplication

COE makes determinations on
non-agricultural lands where SCS is not
involved.

SCS identifies wetlands on
non-agricultural lands, in coordination
with the COE, for USDA participants.
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Memo of Agreemad (h4OA)

Consistencv

NFSAM procedures will be used in making
wetland determinations on agricultural
lands.

87 Corps of Engineers Manual procedures
will be used to make determinations on
non-agricultural lands.

Cross-training between agencies on both
manuals before delineations are made.



RESPONSIBILITIES
Mapping Conventions

b COE, EPA, FWS, SCS written
concurrence on mapping
conventions

b Offsite methods to make
wetlands determinations



RESPONSIBILITIES
Delineation Process Review and

Oversight

To achieve consistency

Continuous improvement in
delineation process

EPA has leadership in
establishing interagency
oversight teams at state level



RESPONSIBILITIES
Reliance on Previous SCS Wetland

Delineations for CWA Purposes

G
ci b Certification procedures

F Coordination with COE/EPA

F Recertified every 5 years



RESPONSIBILITIES
Appeals

FSA appeals process for SCS
wetland determinations (FSA or
CWA)

COE/EPA will have o
to review delineation cR

portunity

based on an appeal
anges

FWS consulted



RESPONSIBILITIES

b Interagency training
b 1987 Corps Wetlands

-z

23
Delineation Manual (CWA)

b National Food and Security Act
Manual
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MOA Delineation of Wetlands

~ Definitions

b

’

w”

!

m

“Agricultural lands” means those lands
intensively used and managed for the
production of food or fiber to the extent
that the natural vegetation has been
removed and cannot be used to
determine whether the area meets
applicable hydrophytic vegetation
criteria in making a wetland delineation.



Definitions

b Areas that meet the “agricultural lands”
, ‘

s, definition may include intensively used
3< and managed cropland, hayland, pasture

land, orchards, vineyards, and areas
which support wetland crops (e.g.,
cranberries, taro, watercress, rice).



b For example, lands intensively used and
managed for pasture or hayland where

;- the natural vegetation has been removed
is

tn and replaced with planted grasses or
legumes such as ryegrass, bluegrass, or

IZ

MOA Delineation of Wetlands

I Definitions

alfalfa, are considered agricultural lands
for the purposes of this MOA.



MOA Delineation pf Wetlands

Definitions

b “Non-agricultural lands” - “agricultural
land? do not include range lands, forest
lands, wood lots, or tree farms. Further,

: lands where the natural vegetation has not
been removed, even though that vegetation
may be regularly grazed or mowed and
collected as forage or fodder (e.g.,
uncultivated meadows and prairies, salt
hay), are not considered agricultural
lands for the purposes of this MOA.

c



1994 Western/Midwestern Regional Cooperative

Soil Survey Conference

June 12-17, 1994

Water Quality Issues and Related Soil Information Needs in
the Clark Fork-Pend Oreille Watershed

presented by

Ruth Watkins

Project Coordinator for the
Tri-State Implementation Council

Sandpoint, Idaho

The Clark Fork-Pend Oreille watershed encompasses about
25,000 sq. miles in an area spanning western Montana,
northern Idaho and eastern Washington. The Clark Fork
River, Pend Oreille Lake and the Pend Oreille River are the
main bodies of water in the basin, and are the focus of a
three-state water quality management effort now underway.

As a result of citizen concerns about increased aquatic
weeds and algae in the Clark Fork River and Pend Oreille
Lake, language was added to the 1987 Clean Water Act
directing EPA to study the sources of pollution in the
basin. Focusing on nutrients, the three-year study led to
the development of a watershed-wide management plan. The
first priority of the management plan was to establish, in
October 1993, the Tri-State Implementation Council to
oversee the implementation of the plan. Since that time,
the Council has been working to carry out pollution control
measures through a series of local community-based
subcommittees who are dealing with such issues as wasteload
allocation, wastewater treatment discharge alternatives,
nonpoint source contributions, monitoring, and education.

In the work of these committees, the need often arises for
accurate data on soils, ranging from: types of soils and
their feasibility for land application of discharge wastes;
capacity of soils to handle development and other human
activities; and delineation of areas of high erosion risk.
This information is not only necessary in the design stages,
but prior to the design in the feasibility and planning
stages of pollution control measures. Planners and policy
makers alike needs good soils information and an



I

understanding of the issues in order to make sound decisions
I

in the watershed.

Soil experts can help by getting involved in local watershed I
issues, and by making soil information readily available to
managers and decision makers.
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The Idaho Cumulative Effects Process and it’s use of Landrype Associations

Brian D. Sugden, Forest Hydrologist
Plum Creek Timber Company, L.P.

Soil Survey Conference -- June 16, 1991
Coeur d’Alene.  Idaho

As some of you are aware. an interdisciplinary task force consisting of representatives of

industry. state and federal agencies, and the environmental community have been working for

the past three years on developing a cumulative effects assessment and control process for

forest practices in Idaho. This task force was formed to address legislation passed in 1991

which directed the Idaho Department of Lands to develop methods for controlling watershed

impacts resulting from the cumulative effects of forest practices. For the past two years I

have participated as a member of this task force. Earlier this spring, the draft process

underwent a final technical review and now is in the last stages of completion. The process

will be presented IO Idaho’s Forest Practices Advisory Committee this fall and could be

adopted by the years end. This afternoon I will provide an overview of the draft process

developed by the task force: and more specifically, I will explain how this process unique])

utilizes landtype associations,

This flowchart describes the steps involved in the assessment process (See Figure I).

Without getting into too much detail about how the process may be administered, the initial

I



boxes describe the initiation of the watershed analysis, formation of the watershed

committee, and the selection of analyst(s). The first major step to be done by the analyst is

an evaluation of mass failure (landslide) and surface erosion hazards in the watershed. These

are determined from Forest Service 1:100,000 landtype association maps for which mass

failure and surface erosion hazards have been assigned. As most of you are aware, landtype

associations are based on the concept that the underlying parent material and the erodibility

of that parent material interact to form a particular landscape. Landtype  association maps

divide the landscape into areas based on landform. terrain shape. and parent material. By

having an understanding of the inherent hazards in a drainage, you can better design harvest

and transportation systems and the with site specific evaluation, determine the necessary

erosion control measures.

The next major step in the flowchart directs the analyst to evaluate the current instream

conditions with respect to channel stability and the presence of fine sediment. This will

provide the information necessary to determine if forest management activities such as road

construction and timber harvest have affected the stream channel. One difficulty in

conducting the instream assessment is knowing what portion of impacts are caused by forest

practices versus other land uses such as mining and livestock grazing. The process will only

regulate forest practice impacts. To help solve this issue, when conducting stream

evaluations in watersheds with multiple land uses, the analyst will do their best to try to

measure locations where forest practices activities can be separated out. For example. if
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there is a definite boundary between upstream forest lands and downstream agricultural

lands, sample points should be located at the forestlag boundary.

The third major step in the process is an evaluation of the current watershed conditions. The

assessments in this section include evaluations of riparian canopy condition as it influences

stream temperature, forest canopy condition as it affects the watershed hydrology. a nutrient

evaluation, and an evaluation of sediment delivery to streams from roads, skid trails and

mass failures.

Once the watershed hazards, instream  conditions, and hillslope conditions have been

evaluated. the next step is to ask the question “do adverse instream conditions exist?” With

Idaho‘s principle cumulative effects concern being fine sediment in streams, it is imperative

that we have a basic understanding of what the expected levels of fine sediment should be for

a particular stream. This is the second way which the process incorporates landtype

associations.

Right now, the Idaho Department of Lands and the Forest Service are compiling fine

sediment data collected on streams in pristine watersheds in Idaho. The are also collecting

information on adjacent landtype association, stream gradient, channel confinement, and

average annual flow at the same location sediment was measured. Once we have this

information, a correlation analysis between observed levels of instream fine sediment and the



other stream attributes will be conducted. For example. the process will hopefully give us

predictive capabilities such as “for a 3% gradient unconfined stream in a 2-5 Landtype (old

surface in alluvium) we would expect natural fine sediment levels between 30% and 50%:

whereas, in a 3% gradient confined stream in a 3-1 Landtype association (colluvial landform

in belt parent material) we would expect 5%-10% fine sediment.

The data collection and correlation analysis is still underway. Initial reports indicate that this

approach is promising. If it works. we will have accomplished a monumental feat:

Knowing how much fine sediment should be in streams in managed watersheds.

For hydrology, channel condition, nutrients, and stream temperature, we have other criteria

by which we determine if adverse instream  conditions exist. If. in fact, it is determined that

there are adverse instream conditions and they can be reasonably linked to upslope  forest

management. the landowners are required to develop “Cumulative Watershed Effects

Management Prescriptions (CWEMPs).” These CWEMPs must address the problems

identified in the analysis and are enforceable in future forest practices.

One example of this is as follows:

The instream evaluation reveals 60% surface fines. Based on our data correlation. a

pristine stream in that landtype association with the same stream characteristics should

have fine sediment levels between 20-30%. Also observed were frequent points of

4
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sediment delivery to streams and an existing road and skid trail system which is

poorly maintained and actively eroding. Given the instream evidence and hillslope

observations. the stream is found to be in an unacceptable condition and future forest

management must find a solution to these problems. The CWEMPs developed may

include plans for road improvement, stabilization of fill slopes, etc.

The Idaho Cumulative Effects Process is an exciting new approach to forest management.

Managing for specific watershed hazards and instream  conditions will over time will create

management practices specifically tuned to the unique characteristics and condition of each

watershed. Landrype associations are the foundation for this effort and will require

continued research and mapping.

-END -



FIGURE 1. CUMULATIVE WATERSBED  EFFECTS
PROCESS FLOWCHART
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Presented by Harold Maxwell, State Soil Scientist, SCS, Boise, Idaho

OVERVIEW

A. Data

1.

2.

3.

4.

5.

6.

7.

8.

9.

NASIS for NCSS
West Hidwest  Joint Fleeting

Coeur de Alene, IDAHO

ODTLINE:

Flow Diagram

1994

NASIS begins with the collection and storing of
point data including Soil Characterization
Records (SCR).
Data aggregation and correlation is used to
create the map unit record (WUR).
WUR includes spatial data and is linked to
other databases such as crop yield, rangeland
or woodland tables.
Interpretations can be made for WUR or Point
data.
The National Standard will be used to compare
and correlate WDR or Point data.
WDR at the field level will be aggregated from
the field level to create state and national
databases.
A National Data Access Facility will be
established.
WUR will not have limits on number of
components that can occur in each map unit.
Comporants  will not be restricted to taxonomic
limit,. The representative values for the
component must fall with in the taxonomic
limits of the name for that component.

10. NASIS will store the component pedon
information by horizons not layers. The
numbers of horizons will not be limited.

B. NASIS STRUCTURE

1.
2.

3.

4.

5.

6.

7.

NASIS is structured around the DATA DICTIONARY..
The backbone allows data access by various
paths without duplicating storage. Each map
unit will have a unique identifier nation wide
NASIS will include both spatial and attribute
data.
Security systems allow multiple users to share
data but provides the owner the ability to
control and maintain integrity.
Modular Generic design allows unique access
capability.
Data elements can be added without affecting
the
The
and

existing information or its use.
I

component data will be stored by high, low
representative values. Representative

z-.s-



8.

C.Three

1.

2.

3.

SPECIFICS:

values will be controlled by the field soil
scientist.
Pedon information will be stored by horizon
with no limit to the number of layers that can
be stored

Types of Data

Point data from field notes to SCR will be
stored and available for interpretation. Much
of the point data will be collected using the
Pedon Software.
&RJR or map unite and components of map units
will be stored and interpreted. Components
will be a result of aggregation of the point
data.
The National Standard will contain Soil Series
and other conceptual standards used to
correlate soil point data or components.

A. Timing

1. NASIS 1.0 has been tested and will be released
October 1994. There will likely be at least
one interim release prior to 2.0

2. NASIS 2.0 is in the analysis stage and
scheduled for release October 1995.

3. Additional releases are planned for each
October as needed. The selection of team
members to conduct analysis for NASIS 3.0 will
begin later this year.

B. Functionality

1. NASIS 1.0 will be used at the State Office
level to accommodate the changeover from the
existing system to NASIS.

2. NASIS 2.0 will be designed to replace the
existing with functionality as good as or
better than existing systems. This version
will 2~ fully functional at the field level and
will replace the form 5 and form 6.

3. Future releases of NASIS will include spatial
interfaces, new modules and interpretations.

C. Platform

1. NASIS is designed on a Sun Work Station and
will be ported to a 486 or Pentium platform.

2. UWIX, INFORRIX is the operating software.
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3. Pedon will be written in DOS to accommodate
field data recorders.

WHY CHANGE:

A. Advantage6

1. Allow unlimited component6 in map units and
allow all components to be interpreted.

2. Eliminate political or manmade boundaries from
the database.

3. The table structure is more flexible at all
lSV616. Adding of data element6 or incraasing
the length of a data table does not affect
operation of the software.

4. The data is managed at the field level. The
field staff will have all the capabilities of
NASIS.

5. Spatial data i6 integrated at the mapping level
and can used for testing tool as well a6 a
delivery tool.

6. Interpretation6 can be tested at the
developmental stages of a soil survey as map
units are designed.

7. Will allow for field data recorders 60 that
information needs to be recorded only once
(developmental).

0. Representative value6 developed at the field
level will allow software designers to use the
data more accurately.

9. Tempo:al data can be stored and retrieved as
needed.

IO. Removed restraints imposed on the old system
such as storing layer6 instead of storing soil
horiZOn6. The system currently used by SCS was
greatly restricted by field length6 and number
of fields.

B. Why now

1. The present system Was beginning to 6hOW
weakness and had served many years.

2. The data base management system for SC5 was
being changed from Prelude to Informix.

3. The advent of new uses of soil survey required
the addition of new data elements to the data
store.

4. Info-share and data sharing between government
agencies showed a need for new ways to access
data and to be able to Share data rapidly.

,520 7
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National Soil Injortnation System

NASIS Overview
SSSD vs. NASIS

Implementation Timeline
Release 1.0 to 3.0 Features

-

SSSD NASIS
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NASIS Security & Owned Objects

-Area Provides caprbibly to read
and share data while limiting
edifino to authorized users.

-Legend

.Data Map Unit

Security Classes
l Databases
l Groups
l Users

Owned Objects
l Areas
l Legends
l Data Map Units

SOIL-S’s & SOIL-~‘S vs. NASIS

SOILS Functions: NASIS:
l Repository for downloading SDR

l All of tbe data associated with a

tables SOILS will be managed within
1 NASH IOCallJ

l Repository for populating MUIR
component

[SOIL-6 Functions ‘-

I l Retrieve up to tbree S01L~ts~  I,
a map unit, adjust  layer deotbs

: 1 NASIS:
*‘-’ *or

l Map units are linked to multinlc
and/or  delete s&cili; Irye&

l Create conversion legend lor
additional symbols

* Record acres in multi-county
surveys

compooeots (unlimited) locally

l All correlation rod conversion
records are maintained witbia  tb,
NASIS correlation table

l NASIS stores acreages by area
for multiple-area surveys

1
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NASIS Legend Map Unit &
Data Map Unit Relationships

t
14159 Data Map  Unit

I

NASIS Correlation Table

Legend Map Unit Table

Correlation Table
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/ Implementation Timeline
l Alphr Test of Conversion - Feb 14-Z&1994: Colorado

6 NASIS Editors State Office

l Training for Beta Test

l NASIS 1.0 Beta Test
Phrse 1
Phase 2

VI l Release NASIS 1.0

l Release NASIS 1.x

l Release NASIS 2.0

l Release NASIS 2.x

l Release NASIS 3.0

-

- May 23.27,1SS4: Ft. Collins

- JunAug lSS4
Jun: KS, OR, TX, VA
Aug: add AR. CO. FL, IA. MI. MT.  NM, IN

- Ott lBB4

w MarlApr  1995

- Ott 1995

I, MarlApr  lSB6

- Ott lBS6

Implementation Timeline
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Release 1.0 Features
n Conversion of SSSD to NAM

. Selective by Soil Survey Area
l Insures clean data loaded Into NASIS

. Security System & Controls
l Database ID
w Group ID
b UserID

l Operational Data Dictionary
. Tables 8 Attributes
w Dynamic

. NASIS Editors (Area, Legend, 8 Mapunlt)
l Table oriented
h Context oriented

_

Release 1.0 Features

. Q & A Functions
l Automated internal testing
w Code reviews
w Standards enforcement

l Database Interactions
+ Retrieve 8 translate data
w Manage edit buffer
l Post changes back to database

l NASIS Information System
. Online user guide, tutorial, and definitions
. Hypertext linking of topics
t Print individual topics

_

1



Release 1.x Features
l Cut/Copy and Paste Function

. Select object to cut or copy

. Paste into new or existing object

a Configurable Edit Screen Setup
. Choose columns (attributes) to edit
. Specify order for columns
l Name 8 save edit setups

l Query Generator (Select)
l Select by legend or data mapunlta
l Select by attribute criteria
. Name 8 save queries

l Global edit function
c Changes work on entire selected set

Release 1.x Features
a Communication Support

b SoilNet capabilities
b Facilitate Data Exchange with

Security Features

l Calculation a Validation
l Provides for derivation of data

elements
c Facilitates interpretation generation

l interpretation Generation

l Reports (primarily for DSM)
w Where Used Data Mapunits
. Unlinked Data Mapunits
. Data dump
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Release 2.0 Features

l Export to FOCS, external users

l Interpretation Criteria Maintenance

l Enter/Edit PEDON Data

l Exchange Data between NASIS Sites

l Soil Survey Schedule

@Additional Reports

Release 2.x Features

l Data Accumulation
. Site Characterization Data (SCR)
t Map Unit Data (MUR)
l Taxonomic Unit Data (TUR)

l Generalized Data Comparison
b Pedon or Component RV vs. RIC for Series

(National Standard)
. Pedon vs. Component, Series vs. Series, . . .

a Aggregate PEDON 8 Lab Data
. Help create mapunits
b Statistically determine RIC

‘9.1 B
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Release 3.0 Features

n Add GIS capabilities to NASIS

n Manage SSURGO, STATSGO,
NATSGO

n True Survey Area Editor
b Coincident areas
l Acreage tabulation

n Enter/Edit PEDON Data

n Incorporate “Fuzzy” Logic
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TNN raTIONAL SOIL 1NPoPxAT10w  #lSTNw

BAcs0N0uND

The S C S  a n d  it, N a t i o n a l  Cooprrativo  S o i l  S u r v e y  ( N C S S )  pubare  have
maintained  a aoil survey databarn*  at Iowa stfitm Univormity  (ISU) mince @bout
1915. Starting in about 1985 the SCS bogan an affort to tOWaluato  the mail
data bare. That offort ha8 lad to the dwelopllunt of a National Soil
Information System (NWIS).

WNAT IS BIASIS?

NASIS 1s a l yrtom that provider for tha collection, rtoraga, manipulation and
dieaunination of soil rurvey information within the Natlorml  Ceoperativm  Soil
survey.

NASIS Is also the umbrella project nun. under which the SCS Soil Survey
Divirlon l& developing automated l y8tomr , and much of the talk lately hrr boon
about NAfJIS in thir context, but the overall NASIS will continua to have both
manual and automated procawes.

An information system much l # NASIS Lm not *imply l collection of computer
program that operate on data filer. It ir a means to l chiovm orGanizationa
objectives by coordinating computer hardware, *oftware, data, procane lopic,
policy and operatin procedures to implement organizational objectiveS.

Much of the work that ham been done to date hrr involved mappin out the
current l y*tem and then l ettlinp on the organizational objmctivam mentioned
earlier. A Soil Burinern Area Analyris Group (SEAAG) and othw toam from the
field, state and national mtaffr are continuing thin offort. Wo will form
many new tmma  as we continually rtrlw to l nhanca and improw our NASIS into
the year 2000 and beyond.

The first #oftware to be releared under the NASIS umbrella, VU tha Podon
Dercriptlon Propram. It provide8 the foundation on which we will build. The
next release will deal with the #tora9e, manipulation, and dimaminrtion  of
soil l urvay information. Wa plan to make  thim raloamo  in October 1994. It
will addreg many of the insdaquacim  w h&w with the currmnt l yst8m and it
im d*riGned ba#ad on a nw lopic  for coil l urwy data that VU developed in
the l nalyeia mentioned earlier

Projoctod roloa#m d&*8 for NASIS and a brief l xplanatlon of the functionality
that will be included in each roloame l re 1imt.d bolowr

pASIS 1.0 Cemoonentr - October 1994
Convoroion  SSSD to NASIS
security system L Controls
Operational Dst& Dictionary
Data Editora
On-line Help Syrtem

BASIS 1.x Comoonente - Nsrch 1995
cut, copy and Pawe Functlonn



Configurclble Edit Screen Setup
Query Cmwator (select)
Global Edit
ConrPunication Support
Calculation L Validation
Interpretation  Generation
Additional Reportn (Dupliwt. Data Mrp Unitr , Unlinked Data RAP unitr)

Export to POCS, External Usera (SDTS)
Bxchango Data botuow NASIS site*
8011 Surwy Schedula
Additional Reporta (manuscript  rqortr)
Interpretation  Criteria X~intwmnc*
LdLt PEDON data

Eb2X.S 2.x Comwnent* - March 1996
Data Accumulation
Generalized Data Comparlron
Aggrogata  PEDON L Lab Datl (Drtbrmine  Ran90  in Charwtmrimticm)

NSS 3.0 Comwrwt~ - o=tobtU225
GIS tipabilition
WwIaam SSURGC. STATSGO. NATSGO
T~m-Su~ey A&r Edito;
Enter/Edit  PEDON Data
Incorper*t* "Furry' Lopie

mC
Additional GIS Capabilitie#
Additional Reporti

WEATWILL EAPPEN To TRE SOIL  FGllN 57

The Soil Form 5, Form 6 and the d&a b&mo H.ructur~ that it croatmd will be
raplacod by the NASIS data brso. NASIS roftwaro will provide the nw mow,‘ to
input data into th. date bama. The projected data for the phama out of the
lorm 5 and ?orm 6 is October, 1995.

WHAT WILL RAPPM TO TB.B OWICIAL SBRILS DBSCRIPTXON (OSBD)?

The OSED will romaln  at ISU for now. Thor8 im l National Soil Suruoy Center
team involved in tha dorign of what hrr bamn called the "National Standardg.
This term im looking at the possible combination of tha OSED or part* of it
and tha Soil Intarpret~tions  Record (Soil Form 5) or parts of it into a
relational data bare that might ba used for correlation or comnarina roil

field to .x&in9 sorims.
_ _

dwcrlbd in thm

NBATWILL BAPPBN

We will continua

TC TES DATA MSB AT IBUP

to houmm the NCSS #oil data brew at ISU for now. Th. SCS Is
evaluating the options for ntorago of all of it# data bamer. The romultm of
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that l valuation will indicate whether th. date bum will l tay &t ISU or k
moved to another location.

WIUT ABOUT ULOWINO  NON-SCPCRS To  ACCCSS AND CONTRIBVTII  DATA  To TKS #OIL DATA
WK AT ISU?

We hwo recently begun a project to put all of the map unit datb or the data
that LB created from the Soil Form 6 bnd 6 data. up in an ORACLE rol&tlonal
data b&s* o n  Projmct  VLncwt , & UNIX workstation network at ISU. Us &re
creating A capability to IICC~BI thie data over INTKANST. We aleo hSvo .
National Cooperative Soil Survey Data Nanagomant  Tam that ir daaigning  a
c-n #oil data dictionary &nd data structure that will l vontwlly l l10u non-
SCSara to contribute @oil data to the ISU d&tr bum. Those l ffortr will foad
a fodaral government interdepartmental l ffort baing load by tha Iodor&
Doographic  Data Committee to provide .asy •CE~BI to all natural rwourca and
other data. The soil data may eventually become w&ilrble over l lactronic
natworkr with wftwaro that toll* what’r available, whore  it’m at, what it
comts, and maybe eventually a mesnr for on-line ordering and retrieval.

WBAT  ABOUT  ACCCSS 2’0 l-KC DIOITIZCD COUNTY  LKVCL  (SSUKOO)  8OIL NAP8 AND 8TATBOO
DATA?

Th*w d&t& will continue to be available from the SCS National Cartographic
and CIS Center at Fort Worth Texsa. They may l ventully ba madm available
over the s&me network previously mentioned.

UEAT ABOUT  TE AVAILABILITY OF NASIS SOFl%XRC  TG NON-SCSW?

The NASIS moftwaro will be available to any non-SCSw. It will ba dlatributod
from the National Soil survey Center at Lincoln Nabraaka.

WIUT KIND O? COUPuTtR WWAKA AND SOPlWAKS WILL NASIS RKQUIKK?

Except for a DOS personal computer veraion of the Pedon Description  Program
which 1~ baing developed, all of thm NASIS l oftuare ~111 require a 486 or
workstation  computer and UNIX and INFOIWIX noftwarc. Specifica C*n bm
obtained from the National Soil Survey Center.

?OR WORC INPORNATION  CONTACl’r

Ricky  J .  Blglcr
National Soil Survey Center
Hail Stop 36
Federal Bldg. Room 152
100 Cmtennial llall N.
Lincoln, NE 65508-3866



Presented by Jim Carley, State Soil Scientist, SCS, Spokane, Washington

WlND  EROSION and PM < 10

Today I will be discussing wind erosion and Particulate Matter < 10 (PM < 10). It's an issue
many of you are involved with, and it’s one we’ll hear a lot more about in the near fUtUre.
And of course, folks in Eastern Washington are becoming well versed on the issue. It’s an
issue that we in agriculture need to address and we need to make our efforts noticed by the
public. I will talk about this subject from a resource perspective; The soils, climate and
agricultural land uses.

Before we talk about wind erosion and PM < 10, let me fill you in on some of the background
- what the situation is and why it is.

The 1990 Amendments to the Clean Air Act brought with them the responsibility to monitor
and control particulate matter 10 microns and smaller as established in 1987. This is referred
to as PM-lo. To give you an idea of the size of 10 microns, imagine how small l/40 the
diameter of a human hair is. It is small enough that our filtering systems can’t prevent it from
accumulating in our lungs. These small particulates  have been identified as a major health
problem.

The Environmental Protection Agency was gjven the charge to implement the Air Quality
Standards of the Clean Air Act using PM < 10 as the standard for measurement. Monitoring
stations were set up in urban areas, Safety levels were set for PM < 10 at 50 micrograms JXZI
cubic meter for a daily average, and no more than J5p micrograms per cubic meter on a srngle
day. (This would be about 50 pounds of dust in a volume of air 1 mile by 1 mile by 600 feet
tall annually or 150 pounds in the same space on a single day.)

Those areas that exceed the health standards are classified as non-attainment areas. Of
particular importance to us in Eastern Washington is the City of Spokane, which has been
classified as a non-attainment area.

If the non-attainment exceed the standards once during a year, they are required to develop
State Implementation Plans (SIP) and carry them out to deal with the problem.

Now what does all of this have to do with agriculture? Agriculture fugitive dust is identified as
one of the causes of the PM < 10 problem in the non-attainment areas. For example, some
areas in Washington have soils that readily blow during the wind events in’late summer and
early fall. Other areas experience wind storms generally during the spring time of the year.

Dust is not, of course, the only cause of the PM< 10 Froblem..  We may ask what about wood
smoke, ear emissions and dust from construction sites. Why IS agriculture being asked to
deal with this issue? Isn’t blowing dust a natural part of farming?

Blowing dust is a part of farming. PM < 10 is a health and economic issue for rural areas as
well as the cities identified as non-attainment areas.

The health problems and dangers of poor visibility on roads affect rural residents too. Rural
residents pay taxes that go toward ditch cleanup, road closures, and overtime for transportation
and emergency personnel. We &_pgy for long term medical problems.

There are less obvious economic setbacks also. If an area cannot achieve the PM < 10
standards, then any new industry may be subject to severe restrictions. It may be enough to
discourage new industry from settling in the area.



The non-attainment areas identified are working within their jurisdictions to control the
PM< 10 problem. Spokane, for instance, must address high PM < 10 occurrences during two
primary trmes of the year. I’m excluding the grass burning and wood  burning. During late
winter, winter traction materials are a source of dust. The traction materials in the past
contained large amounts of silts. When the roads dried sufficiently, vehicles entrained the fine
silts into the air. Hopefully using cleaner traction sand materials and use of chemical de-icer
will clean up this problem.

The other critical time Eastern Washington experiences PM C 10 problems is in late summer
and early fall when the major wind events come from the southwest. There is evidence that
the origm of that dust is agricultural. Although more research is needed in this area,, a
correlation has been observed of wind events, wind erosion, and high PM C 10 readmgs in
Spokane in late summer and fall with the winds from the southwest.

The stage of wind erosion that plays the largest role in PM < IO is suspension.

Wind causes the soil particles to bounce along the soil surface; each time they strike the soil
surface! they dislodge other soil particles. This is called saltation.  This repeatmg  process
results In soils being moved by wind.

The finer, silt-sized, particles become suspended in the air. This suspension is the airborne
material that can end up miles or hundreds of miles from the source.

When we think of wind erosion we generally think of sandy soils and wind erosion evidence as
seen in these slides. Accumulations of fine sand size soil particles that have been deposited
on:

- fence rows
- in the furrows
- ditch banks
- and sand dunes.

In order to get a perspective of how soils land and wind erosion influences agricultural fugitive
dust, let’s take a look at the state of Washington and geographic locations of the major soils
that play a role in PM < 10 problems in the state. This is a State General Soil Map.

Point out:
Columbia Basin
Palouse

This is a general soil map of the SE quadrant of WA.

Point out:
Spokane
Tri-Cities

The dark brown areas area deep sandy soils located in a 6-9 inch precipitation zone. These
soils are used for irrigated cropland.

2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I

I
I
I
I

I

I
I
I

DEEP, SANDY SOILS
Quincy  soils - Six or Seven to about Nine or Ten inches precipitation

LAND USE

1. Irrigated cropland - Precipitation is too low and available water capacity is to low for non-
irrigated cropland
2. Potatoes, grapes, asparagus, spring grains, and mint are the main crops grown.

RESOURCE CONDlTIONS

1. These soils are subject to saltation  - minor amounts enter suspension. They lack the silt size
soil particles to go into suspension.

2. They are subject to wind erosion in spring of year when tilled for seedbed  preparation, and
prior to the time the crop germinates and achieves enough size to prevent soil blowing.

3. Also subject to wind erosion in fall where crop residue or cover is not present.

4. Because it is irrigated there are several options available to reduce soil blowing. These are:

Wind break plantings, follow-up cover crops: and delayed tillage.

These soils are also subject to FSAIFACTA. Although severe wind erosion may occur on
these soils, they are not a major agricultural fugitive dust source. This is due to the fact that
they do not readily go into suspension, they are irrigated and therefore, many different lands
of conservation measure can be readily applied.

SE Quadrant of State General Soil Map -
hlap Units Ll, L2, Lt2
RED area on map.

LOESS SOILS - DEEP SILT LOAM SOILS
- 2.7 M acres in Washington.

Typically in seven to twelve or thirteen inches of precipitation.

1. Fifty percent very fine sand
2. Fifty percent silt, (high amount of very fine sand

and silt combined)
3. Two to three percent clay, which is low
4. Less than one percent organic matter, which is low
5. Very weak structure - Structure is easily destroyed
6. Soils have an ash component

LAND USE

1. Non-irrigated cropland for winter wheat
2. Summer fallow system
3. Large fields



The climate particularly affects this non-irrigated area. Low precipitation between 6-12 inches
results in low yields and low amounts of residue.
is with a winter wheat-summer fallow rotation.

About the only way this area can be cropped

RESOURCE CONDlTiONS

1. Soils subject to both sahation and suspension
2. Low yields resulting in low residue levels
3. Seeding time in late August or September which coincides with major wind events.

At the end of the summer fallow year when seeding is done in the fall, the soils are the most
susceptible to wind erosion. Residue and clods have been broken down by tillage. Large
fields have soil surfaces that are bare, dry and powdery or fluffy and very susceptible to wind
erosion. This is due to the low amount of clay (1 to 3 percent) and organic matter (< 1
percent). The soil lacks “glue” It is at this same window of time that the wind events occur.

The wind erosion on these soils is much more subtle than the wind erosion we see from the
sandy soils. The silt size loam particles readily go into suspension. As you can see, this field
is in very powdery or fluffy condition.

We don’t see the sand dunes. We do see some evidence of the filling of the deep furrow drill
rows with the very tine sand soil particles. .

Roth the saltation  and suspension stages of wind erosion result in poor visibility and the
consequences that may on Highway occur. Numerous. accidents have happened on highways
during big wind events. These have resulted in loss of pro
primary source of the agricultural fugitive dust concerns o tpe

rty and life. These soils are the
PM < 10

Most of these soils are not Highly Erodible for water or wind erosion by FSA criteria and
therefore are not subject to Conservation Compliance.

Not Highly Erodible:

Deep Soils (T=5)
Low “I” Value (86)

Water Erosion
Low “R” Factor
Deep Soils (T=S)

Some solutions to reduce wind erosion on non-irrigated cropland  include:

permanent cover (grass seedings)
crop residue management
wind strips
straw mulching on isolated blow out prone areas
soil roughness

Due to the low precipitation, the traditional wind breaks and/or cover crops cannot be
established or maintained unless irrigation is provided. The conservation options are less than
those on irrigated lands.

Traditionally wind erosion research has not been oriented toward agricultural fugitive dust,
We have been more concerned with measuring what ends up in a fence line or road ditch than
with what’s in the air.
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Currently, SCS is working with the Agricultural Research Service (ARS) to better predict wind
erosion. We jointly established a Wind Erosion Prediction System (WEPS)  site in the Horse
Heaven Hills of Central Washington 3-4 years ago and have been collecting data since.

Although we can be getting conservation on the ground now, research still needs to be done.
We need to:

determine how much PM < 10 varies from soil to soil
determine what part of agricultural fugitive dust in sus nsion is PM< 10
-support the development of tools necessary to accurate y esttmate PM < 10 duep”

to wind erosion
-quantify Phi < 10 reductions resulting from conservation practices
do further soil analysis (especially on soils with ash content).
-establish what intensity of wind event should we be planning conservation

practices for?
15 mph wind event

g6 mph wind event
-determine the economics of resource practices for PM < 10

The complexity of wind erosion and how it related to agricultural fugitive dust is significant.
For example:

Pilots have reported observing the dust from a few individual fields. Only a handful of fields
were covering all of eastern Washington with dust. Adjacent fields with the same land use
were not eroding. We need to learn from this. What makes the difference?

The main reason this has been on the agenda today is because we have recognized that wind
erosion and agricultural fugitive dust is a problem. We need to further evaluate the extent and
severity of the problem.

It’s a big job. No one can do it alone. This is’an opportunity for those of us in agriculture to
work as partners. We need to approach this task as a coalition committed to solving the
problem.

We need to develop strategies and methods to tackle the problem. Progress is made when we
adopt the best technology to our knowledge but then continually ask oursel,ves,  “What more
can we do?”

In Washington, SCS and the Conservation Districts are working with DOE, EPA and local Air
Quality authorities in order to address this problem. Through our technical knowledge and
delivery system, we are assisting the agricultural and environmental communities with:

identification of problem areas

! Pnformation activities
roviding data for establishing quality criteria

- educational activities
- technology improvements
- planning assistance



In order to assist with technology improvement, the SCS is evaluating:

- residue reduction with associated tillage
- soil structure and clodiness with associated tillage.
- soil moisture
- accuracy of synthetic erosion inhibitors
- soil erodibility “I”
- effects of clodiness on wind erosion
- economics

We need to adopt, implement and apply new techniques to field conditions. Hopefully we can
make progress in the development and implementation of new techniques to reduce wmd
erosion and blowing dust from the agricultural lands.

The public awareness of air quality is increasing. For instance, the health of over a l/2

mi”ion P
pie in Eastern Washington is being adverse1

from 2. mullion acres of cropland. In the Western U. i
affected by agricultural fugitive dust

. approximately 45 million acres have
been identified as contributing to PM < 10.

As conservationists we are challenged to provide the best possible technology and solutions to
maintain and improve the air quality.

Thank You.

Any Questions?

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

6



I
I
I
I
I
I
I
I
I
I

A CENTURY MINUS FIVE --- AND COUNTING
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West-Midwest Soil Survey Conference
Coeur d#Alene ID June 1994

Dick Arnold, Director, Soil Survey
USDA-SCS, Washington, DC

1. Have you heard the rumors? Soil surveys are almost
completed. The once-over is going to happen. The Soil
Survey is obviously on a one way track and will pass over
the far horizon into oblivion.

2. Others have rumored that we have passed our zenith and
are really over the hill. The glory days were in the 1960s
and 1970s they say, certainly not in the 1990s.

3. But if we look all around us we see nothing but change.
Everywhere there is change, beautiful, wonderful, exciting,
and to some extent predictable.

Let me tell you something ladies and gentlemen the
&rld is changing and your soil survey will be changing with
it. Take heart and get on with life. It is far too short
to waste.

5. There will be no ruins perched high on the slopes
waiting the return of unknown ghosts of yesteryear.

6. There will not be any reason to dredge for gold again
with a fever that consumes reason and caution. We don't
need rusting buckets to remind us of what might have been.

7. The sky is gray and ominous. The forest closes sin
around us. But look, there ahead in the bend in the road is
a golden promise of a bright new day. A ray of hope that
pushes aside the gathering storm clouds.

8. It is not a new beginning. It is not a rebirth. It is
not the smoke and mirrors of magicians. It is the adherence
to the reality of living in a world which continues to
evolve and grow and recycle the goodness thereof.

9. Remember when outsiders used to tell us that the only
thing we knew to do was look at *'holes  in the ground"?

10. What some folks have never understood is that we
learned the value of teamwork, From the smallest to the
strongest we set our minds to the task at hand and pulled,
and pulled, and pulled together.
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11. We stretched that little hole in the ground into a
trench reaching acro6s the landecape a6 far a6 we needed it
to go. We Paw new relatiOn6hip6, and learned how the
underground world was put together. We created the
Pedosphere.

The U.S., like much of the rest of the world, ha6 recognized
the significance of clean water - for man and beast, for
land and feast. It i6 Crucial for a 6U6tainable, productive
nation.

13. The quality of water is more than the sediment load
swirling by on it6 way to degrade other part6 of the
environment.
landscape.

It i6 aleo the way water travel6 through the
Gently, peacefully, meaningfully - or in a

destructive rush to engulf all that lie6 ahead.

14. The quality of animal habitat is receiving deserved
attention a6 we search for an appropriate balance of what
will remain a6 the biodiversity  of plant and animal life.

.15. ECO6y6teVba6ed  assistance for integrated total
re6ource management. It is. far more than a catchy phrase.
It is cognizance of the relevance of sustainable Mhumani6ed1'
eCO6y6teIU6.

16. When you no longer can see the forest because of the
tree6, it just might be those majestic redwood6 that hold
each of u6 epellbound at the grandeur of Nature.

37. Resilience is the ability or capacity to return to a
former state when disturbed. But perhaps more interesting
is the concept of adaptability - that ability or capacity to
change with changing Conditions. This is north central
California, not the Andes mountain6 of Peru.

18. Like and amoeba - stretching, groping, encircling and
digesting it6 own environment. The social system is a6
important a6 the ecosystem in making this a "one world".
There are 60 many potential customer6 for soil information.

19. Ho matter what we do, or bay, or think, it is other
people who make the major decisions about land use, farming
SyBtem6, and managing resources. But we can promote
etewardship. Stewardship of all resource6.
Consider this,

Stewardship.
"Stewardship i6 the social acceptance of

20. Prom space one can glance acro66 the Hawaiian islands
to the farthest horizon and see the curvature of the earth.
What goes around, cornea around. What Come6 around i6 surely
connected to that which wa6 before and that which is yet to
come.
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21. There are many acres of public land and land of Native
Americans that would benefit from detailed inventories as
plans are prepared the changing conditions in the decades
ahead.

22. With a policy of %o net loss of wetland", there likely
will be more and more @VeconstructedP1  wetlands such as these
vernal pools. Getting it right the first time is not at all
easy.

23. Monitor the status, condition and trend of natural
resources. conduct sophisticated research. Delineate
special features. But for goodness sake, get the geographic
coordinates - because it is a world of cadastral accuracy
and geographic information systems.

24. Caring for renewable resources means knowing which
species of seedlings to plant on which sites. Rotations,
once started, are not so easy to change. The margins for
error are small when you tinker with the risks of
‘sustainable ecosystems that are in concert with the rest of
the environment.

25. Efficient, thrifty fanners: effective, thrifty farming
systems; integrated, thrifty ecosystems. Headed for a
productive nation in harmony with a quality environment.

26. Do we really understand soils like this? Will we ever
know the story of their genesis? Was it dry once? Has it
always been wet? So much yet to learn about that which we
have made maps of.

27. Use dependent properties can be measured. Techniques
have been developed. NASIS will likely be able to store and
manage such information. How far and how fast will we move
toward measuring the quality of soils?

28. Soil Taxonomy has led us into strange new ventures,
helped us meet new friends, and It us search for improved
understanding together. It is a stimulus, not an answer.
It is a thermometer, not a climate. It is the most
comprehensive system devised - and yet it's flaws will
eventually destroy it.

29. Teamwork. Shoveling together. Filling in something.
Teams change the way we do things and help us find better
ways.

30. And after the filling in, there is often a brief moment
of silence, the bowing of heads. Collectively there is
recognition of the passing of a friend whose time had come.
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31. Yes, a team - maybe two teams - or more, have worked
long and hard to bury the concept that the only way to
present soil information is the paper bound standard soil
survey report. There is light at the end of the tunnel.
There is sunshine at the bend in the road ahead.

32. Soil survey is a global science. It is helping others
who want help. It is teaching, reaching, and preaching.
The opportunities that exist today have never presented
themselves before in our lifetime. If this is possible,
what next?

33. Well, for one thing, equality for those who see a place
for themselves in the scheme of things. Equality in
training, in job opportunities, and in being the best we can
make each other be.

34. Another thing is equality of ecosystems as they are
integrated into an interactive wholeness not before
perceived as necessary, nor particularly desirable as
implemented.

35. And still there is the challenge to obtain food from
healthy, uncontaminated soils. Clean environments now - and
far, far into the future. Where? For how long? Who will
protect all of this?

36. Diversity means different things to different people.
Uniformity is not diversity. Standards appear to be
essential for meaningful feedback, yet conformity is not
diversity. Concepts, ideas, theories, laws, incentives,
regulations, lawmakers, governance for the good of the many
and not the few - these are a few of diversity things.
Diversity is what made us strong and it will keep us strong
if we once again embrace the value of such a reality.

37. There will be some unexpected events in the years
ahead. Things aren't always predictable or the same as
before. Chaos is ordered, it is simple, and it has a charm
of its own.

38. Weather vanes patterned after pigs or rabbits?
Possibly, but not a good choice. This is the silhouette of
reversible plows. Some things are a one way trip.

39. Protected in the cornfields of the Midwest from the
harvest of eawloge in the West, I had no perception of what
a sheared stump might look like. Awesome.

40. A century minus five. Not much time left is there?
You can get US there by leading. you can't push wet
noodles, but you can pull them. How does Nature lead a
river? Change a baselevel and you change the playing field.
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41 . Be delighted when beauty graces beauty. Enjoy the
unusual, the unexpected.

42. Be sensitive to the little things that disturb the
environment around you. Great care will have rewarding
results.

43. Shake up those things that cling too tightly to the
past, to tradition for tradition's sake. There are new
ways. There are times to try and times to fail. Progress
is a process, not a place.

44. Turn a corner and there may be another illusion
beckoning you to venture further. False starts are
acceptable but not blindly following the wrong signs.
Illusions are a challenge, an opportunity to re-evaluate
where we are.

45. A century will come and go, yet our mission of helping
others will still be there in shining golden letters.

46. Always read the landscapes before you. They are
witnesses to the behavior of society. They have clues that
can help unravel the pieces of the puzzle about how mankind
has fared on his journey through space and time.

47. Yes, you can read stewardship. In the eye of the
beholder is the reflection of a value system.

48. Social acceptance of conservation is dependent on
cultural aspects, economic impacts, and available
technology. Social acceptance of sustainability is what we
call stewardship.

49. There it is. Right before your eyes. The beauty of
the countryside is a measure of man's love for the land and
his diligence in caring for its resources.

50. A few of the marvels of the world are not of man's
doing. Icebergs beneath the mist shrouded hills of Glacier
Bay National Monument are one of those marvels.

51. Another are the oblique dunes in the Oregon Dunes
Natural Resource Area.

52. A century minus five. Ninety-five years of marvelous
beauty and still looking great. Changes are a part of our
history, vital to our traditions, and hold forth promise of
success. Success, as we have learned, is a journey, it is
not a destination.

THANK YOU.
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PREFACE

The National Hierarchical Framework of Ecological
Units was developed to provide a scientific basis for
Ecosystem Management. Use of the Framework will
improve consistency in developing and sharing
resource data and inlormation al multiple
geographic scales and across administrative and
jurfsdictional  boundaries. Implementation of the
Framework will help integrate the principles of
Ecosystem Management info national, regional and
forest planning and assessment efforts. The
required use of consistent terminology, common
maps and standard data will improve communica-

tions internaliy  and wkh our publics and partners.
This Hierarchical Framework has taken a year to
develop and active participation in its development
came from all regions, several research stations and
with input from several federal and state agencies
and untverstties.  The Framework is hereby adopted
for use. As we learn from its application, coordina-
tion with other agencies and from newly developed
information, adjustments will be made as needed.
The process of use and development of this Frame-
work can best be viewed as a journey.

Chief .

Date .

.
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Summary
NATIONAL HIERARCHICAL FRAMEWORK

OF ECOLOGICAL UNITS
ECOMAP, USDA Forest Service, Washington, DC.

The National Hierarchical Framework of Ecological
Units is a regionaliration.  classification and
mapping system tar stratitying  the Earth into
progresslvety  smaller areas of increasingty  uniform
ecological potentials ior use in ecosystem manage.
ment Ecological types are classified and ecological
units are mapped based on associations ot those
biotic and environmental factors that directly affect
or indirectty express energy, moisture, and nutrient
gradients which regulate the structure and lunction
of ecosystems. These factors include climale.  phys-
iography. water, soils, air. hydrology, and potential
natural communities.

The hierarchy is developed geographicaliy  from
both Ihe top-down and bottom-up; conditions that
change at broad scales such as climate and
geology are continualty  related lo conditions that
change a1 finer scales such as biotic distributions
and soil characteristics. This approach enables
scientists and managers to evaluate broader scale
influences on finer scale conditions and processes,
as well as to use finer scale inlormation to determine
the significance  of broader scale influences. In this
iterative procedure, Ecoregion and Subregion
levels of the hierarchy are developed by stratifica-

tion as fine scale field classitica~ions  and inventories
are being completed.

This regionalization, classification, and mapping
process uses available resource maps Including
climate, geology, soils, water, and vegetation. In
some cases. however, additional Information is
needed. Data bases and anatysis techniques are
being developed to provide interpretation of the
ecological units.

Uses of the hierarchy vary according to manage-
menl  information needs and level of inlormation
resolution. These applications are summarized
below. The hierarchical framework is largely a
Forest Service effort, although there has been
involvement by the US. Soil Conservation Service.
Bureau of Land Management, Fish and Wildlife
Service, U.S. Geological Survey, The Nature
Conservancy and other national and regional egen-
ties. Our goals are to develop an ecological classifi.
cation and inventory system for all National Forest
System lands. and to provide a prototype system
acceptable to all agencies. Nationally coordinated
ecological unit maps will be developed for Ecore-
gion and Subregion scales covering all U.S. lands.

National hierarchy of ecological units.

IEcoregions
Global

PLANNING AND
ANALYSIS SCALE

Continental

Regional

Subregions Sections

Landscape

Land Unit

:COLOGlCAL  UNITS

Domain

Division
_ . . . . . _ . . . . . . _ -....... _ . . . . .

Province

Landtype  Association

Landtype

Landtype  Phase

PURPOSE, OBJECTIVES,
AND GENERAL USE I

GENERAL SIZE RANGE

Broad applicability for
modeling and sampling
RPA assessment.
International planning.

RPA planning. Muhi-torest,
statewide and m&i-agency
anatysis and assessment.

1 ,cKQMx)‘s  10
10,clo0’5  of

square miles.

I
1,ows  to

1 O’s of
square miles.

Forest or area-wide planning,
and watershed analysis.

Project and management
area planning and
analysis.

1,000’s  to 100’S
01 acres.

100’s to less
than 10 acres.



NATIONAL HIERARCHICAL FRAMEWORK
OF ECOLOGICAL UNITS

ECOMAP’, USDA Forest Service, Washington, D.C.

To implement ecosystem management, we need
basic information about the nature and distribution
of ecosystems, To develop this information, we
need working definitions of ecosystems and
supporting inventories of the components that
comprise ecosystems. We also need to understand
ecological patterns and processes, and the interre-
lationships of social, physical, and biological
systems. To meet these needs, we must obtain
better information about the distribution and inter.
action of organisms and the environments in which
they occur, including the demographics of species,
the development and succession of communfties.
and the effects of human activities and land use on
species and ecosystems (Urban et al. 1987).
Research has a critical role in obtaining this informa-
tion.

This paper presents a brief background of regional
land classifications, describes the hierarchical
framework for ecological unil  design, examines
underlying principles, and shows how the frame-
work can be used in resource planning and
management. The basic objective of the hierar-
chical framework is to provide a systematic method
for classifying and mapping areas of the Earth
based on associalions  of ecological factors al
different geographic scales. The framework is
needed to improve our efforts in national, regional.
and forest  level planning; to achieve consistency in
ecosystem management across National Forests
and regions: to advance our understanding of the
nature and distribution of ecosystems; and to facili.
tate interagency data sharing and planning.
Furthermore, the framework  will help us evaluate the
inherent capabilities of land and waler resources
and the effects of management on them.

Ecological units delimit areas of different biological
and physical potentials. Ecological unit maps can
be coupled wkh inventories of existing Vegetation,

_ . . . . . . . . . . . . . . . . . . . _ . . . .

air quality. aquatic systems. wildlife, and human
elements to characterize complexes of life end envi-
ronment, or ecosystems.  This information on
ecosystems can be combined with our knowledge
of various processes to facilitate a more ecological
approach to resource planning. management, and
research.

Note that ecological classffication  and mapping
systems are devised by humans to meet human
needs and values. Ecosystems and their various
components often change gradually, forming
continua on the Earth’s surface which cross admin.
istralive and political boundaries. Based on their
understanding of ecological systems, humans
decide on ecosystem boundaries by using physical,
biological, and social considerations.

We recognize that the exact boundaries for each
level envisioned in this process and developed in
map format may not fit every analysis and manage-
ment need. Developing boundaries of areas for
anafysis,  however, will not change the boundaries of
ecological units. In some cases, an ecological unit
may be the analysis area. In other cases, wafer-
sheds, existing conditions, management emphasis,
proximity to special features (e.g., research natural,
wilderness, or urban areas) or other conditions may
define an analysis area. In these cases, ecological
unffs can be aggregated or divided tf needed to
focus on relevant issues and concerns.

BACKGROUND --
REGlONAL  LAND ClASSlFlCATlONS

Hierarchical systems using ecological principles for
classifying land have been developed for geograph.
ical scales ranging from global to local. Using a
bioclimatic approach at a global scale, several
researchers have developed ecological land classi-
fications: Holdridge (1967)  Walter and Box (1976)
Udvardy (1975), and Bailey (1989a,b).  Wenz and
Arnold (1972) developed land stratification
concepts for regional and land unit scales. Other
ecologically based classifications proposed at
regional scales include those of Driscoll et al.



(lS84),  Gallant et al. (1989), and Omernik (1987) in
the Unked States and those of Wiken (1986) and the
Ecoregions Working Group (1989) in Canada.
Concepts have also been presented for ecological
classificetion  at subregional to local scales in the
United Stales (Barnes 81 al. 1982), Canada (Jones
et al. 1983,  Hills 1952), and Germany (Barnes 1984).

But no single system has the structure and flexibility
necessary for developing ecological units at conti-
nental to local sceles.  Each of these systems have
strong points that contribute to the etrength  of the
national hierarchy. The concepts and terminology
of the national system draws upon this former work
to devise a consistent framework for application
throughout the United States,

ECOLOGlCAL  UN/T DESlGN

The primary purpose for delineating ecological units
is to display land and wafer areas at different levels
oi resolution thal have similar capabilities and
potentials for management. Ecological Units are
designed to exhibii similar patterns in: (1) potential
natural communkies.  (2) soils, (3) hydrologic func-
tion, (4) landlorm and topography. (5) liihology. (6)
climate. (7) air quaI@  and (8) na:ural processes for
cycling plant biomass and nutrients (e.g. succes-
sion, productivky.  fire regimes).

It should be noted that climatic regime is an impor-
tant boundary criteria for ecological units, panicu-
lady at broad scales. In fact climate, as modified by
topography, is the dominant criteria at upper levels.
Other factors, such as geomorphic process, soils
and potential natural communiries  take on equal or
greater importance than climate at lower levels. The
discussion under the Classtircation  Framework
section and Table 2 provide more details on map
unh  crkeria for each hierarchical level.

An ecological type is defined as ‘A category of land
having a unique combination ot potential natural
community soil, landscape features, and climate;
and differing from other ecological types in tts ability
to produce vegetation and respond to manage-
ment’ (FSM 2080.05). An ecological unit is defined
as ‘A mapped landscape unit designed to meet
management objectives, comprised of one or more
ecological types’ (FSM 2060.05).

It follows, then, that ecological map units are ditter-
entiated and designed by multiple components
includmg  climate, physiography. landform.  soils,

water, and potential natural communities (FSM
2660, FSH 2090.11). These components may be
ana!yzed lndiiidually and then combined or
muhiple factors/components may be simukaneous-
fy evaluated to classify  ecological types which are
then  used in ecological untt  design (FSH 2090.11).
The first option may be increasingty  used as
geographic Information systems (GIS) become
more available. The Interrelationships among inde-
pendently Mined components, however, will need
to be carefully evaluated, and the resutts  of layering
component maps may need to be adjusted to iden-
tity units  that are both ecologicaliy  significant and
meaningful to management. When various disci-
plines cooperate in devising integrated ecological
unns,  products from existing resource component
maps can be modnied  and integrated interpreta-
tions can be developed (Avers and Schlatterer.
1991).

CLASSIFICATION FRAMEWORK

The National Ecological Unit Hierarchy is presented
in Tables 1, 2. and 3. The hierarchy is based on
concepts and terminology developed by numerous
scientists and resource managers (Hills 1952,
CrOwley  1967, Wertz and Arnold 1972, Rowe 1980.
Allen and Starr 1982, Barnes et al. 1982. Forman
and Godron  1986, Bailey 1987. Meentemeyer and
Box 1987, Gallant et al. 1989. Cleland et al. 1992).
The following is an overview of the differentiating
criteria used in the development of the ecological
units. Table 2 summarizes the principal criteria used
at each level in the hierarchy.

ECOREGION SCALE At the Ecoregion scale,
ecological units are recognized by differences in
global. continental. and regional climatic regimes
and gross physiography. The basic assumption is
that climate governs energy and moisture gradi.
ents. thereby acting as the primary control over
more localized ecosystems. Three levels of Ecore-
gions.  adapted from Bailey. are identWied  in the bier.
archy (Bailey 1980):

1. Domrlnr - s&continental divisions of
broad climatic similarity, such as lands that
have the dry climates of Koppen (1931).
which are affected by latitude and global at-
mospheric conditions. For example. climate
Of the Polar Domain is controlled by arctic air
masses, which create cold, dry environments
where summers are short In contrast, the
climate of the Humid Tropical Domain is inllu.



2.

3.

enced  by equatorial air masses and there is
no winter season. Domains are also charac-
lerired by broad differences in annual
precipitation, evapotranspiration, potential
natural communities, and biologicalty  signffi-
cant drainage systems. The four Domains
are named according to the principal climatic
descriptive leatures:  Polar, Dry, Humid
Temperate, and Humid Tropical.

Dhrlrlona - subdivisions of a Domain
determined by isolating areas of definke
VegetafiOnal  affinilies  (prairie or forest) that
tall  within the same regional climate, gener.
ally  at the level of the basic types of Koppen
(1931) as modified by Trewartha (1968). Divi-
sions are delineated according to: (a) the
amount of water deficit (which subdivides the
Dry Domain into semi-arid, steppe, or arid
desert, and (b) the winter temperatures,
which have an important influence on biolog.
ical and physical processes and the duration
of any snow cover. This temperature factor is
the basis of distinction between temperate
and tropical/subtropical dry regions. Divi-
sions are named for the main climatic regions
they delineate, such as Steppe, Savannah,
Desert, Medserranean,  Marine, and Tundra.

Provinces  - subdivisions of a Division
that correspond to broad vegetation regions,
which conform to climatic subzones
controlled primarily by continental weather
patterns such as length of dry season and
duration of cold temperatures. Provinces are
also characterized by similar soil orders. The
climatic subzones  are evident as extensive
areas ot similar potential natural communi-
ties as mapped by Kuchler (1954). Provinces
are named typically using a binomial system
consisting of a geographic location and
vegetative type such as Bering Tundra, Cali-
fornia Dry-Steppe and Eastern Broadleaf
Forests.

Highland areas that exhibit aftitudinal  vegeta-
tional zonation and that have the climatic
regime (seasonality d energy and moisture)
of adjacent lowlands are classified as Prov-
inces (Bailey et al. 1995). The climatic regime
of the surrounding lowlands can be used to
infer the climate of the highlands, For
example, in the Mediterranean Division along
the Paciric Coast. the seasonal pattern of
precipitation is the same for the lowlands and
highlands except that the mountains receive

about twice the quantity. These provinces
are named for the lower elevation and upper
elevation (subnivaf) beks. e.g., Rocky Moun-
tain Forest-Alpine Meadows.

SUBREGION SCALE Subregions are charac-
terized by combinations of climate, geomorphic
process, topography, and etratigraphy  that influ-
ence moisture availabifii and expmure to radiant
solar energy, which in turn dire&y control hydro-
logic function, soil-forming processes, and potential
plant communfiy  distributions. Sections and
Subsections are the two ecological units mapped at
this scale.

Bectlon  - broad areas of similar geomor-
phic process, stratigraphy. geologic origin,
drainage networks, topography, and
regional climate. Such areas are often
inferred by relating geologic maps to poten-
tial natural vegetation ‘series’ groupings as
mapped by Kuchler (1964). Boundaries of
some Sections approximate geomorphic
provinces (for example Blue Ridge) as recog
nized by geologists. Section names gener-
ally describe the predominant physiographic
leature  upon which the ecological unit  delin-
eation is based. such as Flint Hills, Great
Lakes Morainal. Bluegrass Hills, Appalachian
Piedmont.

Subsections . smaller areas of Sections
with similar surficial geology. lithology.
geomorphic process, soil groups, subre-
gional climate, and potential natural commu-
nities. Names of Subsections are usually
derived from geologic features, such as
Plainfield Sand Dune, Tipton  Till Plain, and
Granite Hills.

IANDSCAPE  SCALE At the Landscape scale,
ecological units are defined by general lopography.
geomorphic process, surficial geology, soil and
potential natural community patterns and local
climate (Forman and Godron  1986). These factors
affect biotic distributions, hydrologic function,
natural disturbance regimes and general land use.
Local landform  patterns become apparent at this
level in the hierarchy, and differences among units
are usually obvious to on-the-ground observers. At
this level. terrestrial features and processes may
also have a strong influence on ecological charac-
teristics of aquatic habiiats (Plans 1979, Ebert et al.
1991). Landtype Association ecological units repre-
sent this scale in the hierarchy.



Landtype  Auoclatlonr  - g roupings o f
Landtypes  or subdivisions of Subsections
based upon similarities in geomorphic
process, geologic rock types, soil
complexes. stream types. takes, wetlands.
and series, subseries, or plant association
vegetation oommunfties. Repeatable
patterns of soil complexes and plant commu-
nities are useful  in delineating map units at
this level. Names of Landtype Associations
are often derived from geomorphic history
and vegetation community.

IAND UNIT SCALE At the basic Land Unit
scale, ecological unks are designed and mapped in
the field based on properties of local topography,
rock lypes.  soils. and vegetation. These factors
influence the structure and composition oi plant
communities, hydrologic function, and basic land
capability. Landrypas  and Landtype  Phases are the
ecological units mapped at this scale.

f_andtypes  - subdivisions of Landtype
Associations or groupings of Landrype
Phases based on similarities in soils, land.
form,  rock type, geomorphic process and
plant associations. Land surface form that
influences hydrologic funct ion (e.g~,
drainage density, dissection relief) is often
used to delineate diflerent landtypes in
mountainous terrain. Valley bonom charac-
teristics (e.g.. confinement) are commonly
used in establishing riparian landtype  map
uncs.  Names of Landtypes  are to include an
abiotic  and biotic component (FSH 2090.11).

Landtype  Phsse - more narrowly delined
Landtypes based on topographic criteria
(e.g.. slope-shape, steepness, aspect  posi-
tion, hydrologic characteristics, associations
and consociations of soil taxa, and plant
associations and phases. These factors influ-
ence or reflect the microclimate and produc-
tiv’ky of a site. Landtype  phases are often
established based on inter-relationships
between soil characteristics and potential
natural communities. In riparian mapping,
landtype  phases may be established to
delineate diflerent  stream type environments
(Herrington and Dunham 1967). Naming is
similar to Landtypes (FSH 2090.11).

The Landrype Phase is the smallest ecolog
ical unit recognized in the hierarchy.
However, even smaller units may need to be
delineated for very detailed project planning

at large scales Fable 1). Map design crkeria
depend on project objectives.

PLOT DATA Point or plot sampling units are
used to gather ecological data for inventory, moni-
toring, quality  control and for developing classffica.
tions  of vegetation, aoils or ecological types This
plot data feeds into data basesfor  analysis, descrip
tion,  and Interpretation of ecdogical  unHs  (Keane et
al. 1990).  The plots oan serve as reference sites  for
eoofogical  types. Plots, while not mappable, can be
shown on maps as point data.

In summary, the national framework has an exfen-
aive scientific basis, and provides a hierarchical
system for mapping ecological units ranging in size
from global to local. At each level  abiotic  and biotic
components are integrated for delineation of
geographical areas with similar ecological potential.
These ecological units, combined with information
on existing conditions and ecological processes,
provide a basis for managing ecosystems.

UNDERLWNG  PRlNClPLES

ECOSYSTEM CONCEPT Ecosystems are
places where life and environment interact; they are
three dimensional segments of the Earth (Rowe
1960). Tansley introduced the term ‘ecosystem’ in
1935. and the explicit idea of ecological systems
composed of multiple abiotic and biotic factors was
formally expressed in our language (Major 1969).
The ecosystem concept brings the biological and
physical worlds together into a holistic framework
within which ecological systems can be described,
evaluated, and managed (Rowe 1992).

Ecosystems exist at many spatial scales, from the
global ecosphere  down to regions of microbial
activity.  The level of discernible detail, the number of
factors comprising ecosystems, and the number of
variables used to characterize these factors
progressively increase at finer scales, Hence the
data and analysis requirements, and investments
for ecosystem classification and mapping also
increase for finer scaled activities.

The structure and function of ecosystems are
largely regulated along energy, moisture, nutrient,
and disturbance gradients. These gradients are
affected by climate, physiography, soils hydrology,
flora, and fauna (Barnes at al. 1962. Jordan 1962.
Spies and Barnes 1965). And while the association
of these factors is all important in defining ecosys-



terns. all factors are not equalty important at all
spatial scales. At coarse scales, the important
factors are largely  abiotic,  while at finer scales both
biotic and abiotic  factors are important.

The conditions and processes occurring across
larger ecosystems affect and often override those of
smaller ecosystems, and the properties of smaller
ecosystems emerge in the context of larger systems
(Rowe 1984). Thus. ecosystems are conceptualiied
as occurring in a nested geographic arrangement,
with many smaller ecosystems embedded in larger
ones (Allen and Starr 1982, O’Neill  et al. 1986, Albert
et al. 1986). This nested arrangement forms a hier-
archy that is organized in decreasing  orders of
scale by the dominant factors affecting ecological
systems.

At global, continental, and regional scales,
ecosystem patterns correspond with climatic
regions, which change mainty  due to latitudinal,
orographic, and maritime influences (Bailey 1987,
Denton  and Barnes 1968).  Within  climatic regions,
physiography or landforms modify macroclimate
(Rowe 19&.  Smalley 1986, Bailey 1987). and affect
the movement of organisms. the flow and orienta.
tion of watersheds, and the frequency and spatial
pattern of disturbance by fire and wind (Swanson et
al. 1988). Within  climatic-physiographic regions,
waler, plants, animals, soils, and topography
interact to form ecosystems at Land Unit scales
(Pregitzer  and Barnes 1984).  The challenge of
ecosystem classification and mapping is lo distin-
guish natural associations of ecological factors at
different spatial scales, and to define ecological
types an5 map ecological units that rellen  these
different levels of organization.

LIFE AND ENVIRONMENTAL INTERACTIONS
Lie forms and environment have interacted and
co-developed at all spatial and temporal scales, one
modifying the other through feedback. Appreciating
these interactions is integral to understanding
ecosystems.

At a global scale, scientists have theorized that the
evolution of cyanobacteria. followed by terrestrial
plants capable of photosynthesis, carbon fixation
and oxygen production converted the Earth’s at-
mosphere from a hydrogen to an oxygen base and
still sustain it today. At a continental scale, the
migration of species in response to climate change,
and the interaction of their environmental tolerances
and dispersal mechanisms with landform-controlled
migration routes formed today’s patterns in species’
distributions. At a landscape scale, life forms, envi-

ronment and disturbance regimes have inleracted
lo~form  patterns and processes. For example. pyro-
philic communities tend to occupy droughty  soils in
fire-prone  landscape positions, produce volatile
foliar  substances, and accumulate Iltter, thereby
increasing their susceptibitii to burning. At yet finer
scales, vegetation has induced soil development
over time through carbon and nutrient cycling,
enabling succession  to proceed to communities
with higher fertility requirements,

In each of these examples, life forms and environ.
ment have modified one another through feedback
to form ecological patterns and processes. These
types of relationships underscore the need to
consider both biotic and environmental factors
while classifying, mapping and managing ecolog
ical systems.

SPATIAL AND TEMPORAL VARIABILITY The
structure and function of ecosystems change
through space and time. Consequentty,  we need to
address both spatial and temporal sources of vari-
abiMy while evaluating, classifying, mapping, or
managing ecosystems (Delcoun et al. 1983.
Forman  and Godron 1966). At a Land Unit scale, for
example. the fertility of particular locations Changes
through space because of differences in soil prop-
erties or hydrology, AND at Ecoregion scales,
condtiions  vary from colder to warmer because of
changes in macroclimate. These relalivety  stable
conditions favor certain assemblages of plants and
animals while excluding others because of biotic
tolerances, and processes such as competition.
These environmental conditions are classified as
ecological types and mapped as ecological units.

Within ecological untis. ecosystems may suppon
vegetation that is young, mature, or old, and they
may be composed of communities that are early,
mid-, or late successional. These relatively dynamic
conditions ALSO benefii certain plant and animal
species and aSSemb)aQeS.  Condiions that vary
temporaliy  are classffied  and mapped as existing
vegetation, wildMe.  water quality, and so forth.

These examples illustrate that ecological unks  do
not contain all the information needed to classify,
map and manage ecosystems. Ecological units
address the spatial distributions of relativety  stable
associations of ecological factors that affect ecosys-
tems. When combined with information on existing
condiiions.  the National Hierarchy of Ecological
Units provides a means of addressing spatial and
temporal variations that affect the structural and
functional attributes of ecosystems. Adding our
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knowledge of processes to this information will
enable us to better evotve  into ecosystem manage-
ment

USE OF ECOLOGlCAL  UN/KS

Ecological units provide basic information for
natural resource planning and management.
Ecological unif  maps may be used for activities such
as delineating ecosystems, assessing r&sources,
conducting environmental anafyses,  establishing
desired future conditions, and managing and moni-
toring natural resources.

ECOSYSTEM MAPPING To map ecosystems,
or places where life and environment interact, we
need to combine two types of maps: maps of
existing conditions that change readily through
time, and maps of potential conditions that are rela-
tively stable. Existing conditions change due to
parlicular  processesthal  operate within the bounds
of biotic and environmental, or ecological, poten.
tials.  Existing conditions are inventoried as current
vegetation. wildlife. water quality. and so fonh.
Potential conditions are inventoried as ecological
units. When these maps are combined, biotic distri-
butions and ecological processes can be evaluated
and resutls  can be extrapolaled  to similar ecosys-
tems The integration of multiple biotic and abiotic
factors, then, provides the basis for defining and
mapplng  ecosystems.

Fundamental base maps are key to mapping
ecosystems and integrating resource inventories.
These maps include the primav base map series
showing topography, streams. lakes, ownership,
poltiical  boundaries, cultura!  fearures,  and other
layers in the Cartographic Features File. On this
base, the next set of layers could include ecological
units, watersheds and inventories of aquatic
systems at appropriate spalial  scales. NBXI would
be layers of information on existing vegetation, wild-
He populalions,  fish distribution. demographics,
cultural resources, economic data, and other infor-
mation needed to delineate ecosystems to meet
planning and anatysis needs.

GIS will provide a to0 for combining these separate
themes of informalion.  and representing the phys-
ical, biological, and social dimensions  10 define and
map ecosystems. Buf scientists and managers
using this technology must actually integrate infor-
mation themes, comprehend processes, and

formulate management strategies; These tasks will
not be accomplished mechanically.

RESOURCE ASSESSMENTS The hierarchical
framework of ecological units can provide a basis
for assessing resource oondfiions  al mukiple
scales. Broadiy defined ecological units (eg. Ecore.
gions) can be used for general planning assess.
mants of resource capability. Intermediate scale
unfts  (e.g., Landtype  Associations) can be used to
fdentify  areas whh similar natural disturbance
regimes (e.g., mass wasting, flooding, fire poten-
tiaf).  Narrowfy defined Land Units can be used to
assess si?e specnic  conditions including distribu.
tions of terrestrial and aquatic biota; forest  groWth,
succession, and heakh; and various physical condi-
tions (e.g., soil compaction and erosion potential,
water quality).

High resolution information obtained for fine scale
ecological units can be aggregated for some types
of broader scale resource assessments. Resource
production capability, for example, can be es&
mated based on potentials measured for landtype
phases, and estimates can be aggregated to
assess ranger district. national forest, regional, and
national capabilities.

ENVIRONMENTAL ANALYSES Ecological
units provide a means of analyzing the feasibility
and effects of management alternatives. To discern
the effects of management on ecosystems, we ohen
need to examine conditions and processes occur-
ring above and below the level under consideration
(Rowe 1980). For example, the eflects  of timber
harvesting are manifest not only at a land unit scale,
but also at micro-site and landscape scales.
Afthough  the direct effects of management are
assessed at the local ecosystem scale, indirecl  and
cumulative effects take place at dlfferent  points in
space or time, ohen at higher spatial scales. Ecolog-
ical units defined at diierent hierarchical levels will
be useful in conducting multi-scaled analyses for
managing ecosystems and documenting environ.
mental effects (Jensen et al. 1991).

WATERSHED ANALYSIS The national hier-
archy provides a basis for evaluating the linkages
between terrestrial and aquatic systems. Because
of the interdependence of geographical compo-
nents, aquatic systems are linked or integrated with
surrounding ierrestrial  systems through the
processes of runoff, sedimentation, and migration
of biotic and chemical elements. Furthermore, the
context of water bodies affects their ecological
significance. A lake embedded within a landscape



containing few takes, for example, functions differ-
entty than one embedded within a landscape
composed o4 many lakes for wildlife, recreation and
other ecosystem valuas Aquatic systems delin-
eated in this indirect way have many characteristics
in common, including hydrology and biota (Friiell
et al. 1986). Overlays of hierarchical watershed
boundaries on ecological mapping untis are useful
for mast watershed anatysis efforts. In this case, the
watershed becomes the anatysis area which is both
superposed by and composed of a number of
ecological unls which affect hydrologic processes
such as water runoff and percolation, water chem-
‘My, and ecological iunction  due to context.

DESIRED FUTURE CONDITIONS Desired
future conditions (DFC’s)  portray the land or
resource condtiions  expected il goals and objec-
tives are met. Ecological units  will be useful in estab-
lishing goals and methods to meet DFC’s. When
combined with information on existing condnions.
ecological unas will help us project responses to
various treatments.

Ecological units can be related lo past present, and
future conditions. Past conditions serve as a model
of functioning ecosystems, and provide insight into
natural processes. tt is unreasonable, for example,
to attempt to restore systems like oak savannas or
old growth forests in areas where they did not occur
narurally.  Moreover, natural processes like dislurb-
ante or hydrologic regimes are often beyond
human control. Ecological units will be helpful in
understanding these processes and in devising
DFC’s that  can be attained and perpetuated.

Desired tuture  conditions can be portrayed at
several spatial scales. We can minimize conflicting
resource uses (e.g., remote recreational experi-
ences versus developed motorized recreation,
habitat  management for area sensitive species
versus edge species) it we consider the eftects  01
projects ar several scales of analysis Ecological
untts  will be useful in delinealing land units et rele-
vant anatysis scales for planning DFC’s (Brenner
and Jordan 1991).

RESOURCE MANAGEMENT Information on
ecological units will help establish management
objectives and will supporl  management activities
such as the protection of hSbiStS  of SSnStiive,
threatened, and endangered species, or the
improvement of forest and rangeland heaith to meet
conservation, restoration. and human needs. Infor-
mation on current productivity can be compared to
potentials determined for Landtype  Phases. and

areas producing less than their potential can be
Mentified (Host et al. 1988). Furlhermore,  long term
sustained yield capabitii  can be eslimated  based
on productivity potentials measured for fine scale
ecological units.

MONITORINO Monitoring the effects of
management requires baseline inlormation on the
concfition  of ecosystems et diierent  spatial scales.
Through the ecological unii  hierarchy, managers
can obtain information about the geographic
patterns in ecosystems. They are, thus, in a position
to design stratified sampling networks for inventory
and monloring. Representative ecological units
can be sampled and information can then be
extended toanalogous unsampled ecological units,
thereby reducing cost and time in inventory and
monitoring.

By establishing baselines for ecological unas  and
monitoring changes, we can protect landscape.,
community., and species4evel  biological diversity;
and ofher  resource values such as forest produc-
My, and air and water quality. The resutts  of
effectiveness and validation monitoring can be
extrapolated to estimate effects and set standards
in similar ecological units.

Evaluation of air qualiry is an example of how the
National Hierarchical Framework of Ecological Units
can be used for baseline dafa collection and moni-
toring. The Forest Service is developing a National
Visibility Monitoring Strategy that addresses protec-
tion of air quality standards as mandated by the
Clean Air Act, along wlh other concerns (USDA
Forest Service 1993). Key to this plan is stratification
ot the United Stales at the subregion level of the
national hierarchy info areas that have similar
climatic, physiographic, cultural, and vegetational
characteristics. Other questions dealing with  effects
of specific  air-borne polltiants on forest heakh,
such as correlation of ozone wfih decline of ponde-
rosa pine and other trees in mixed conifer forest
ecosystems in the San Bernardino Mountains oi
southern California, will require establishment of
sampling networks in smaller ecological units at
landscape or lower levels.

CONTEMPORARY AND EMERGING ISSUES
The National Hierarchical Framework of Ecological
Units is based on natural associations of ecological
factors. These associations will be useful in
responding to contemporary and emerging issues.
particularly those that cross administrative and juris-
diclional  boundaries. Concerns regarding biolog-
ical diversity, for example, can be addressed using
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the ecological unit hierarchy (Probst and Crow
1991). Conservation strategies can be developed
using landscape level unils  as coarse lifters,
followed by detailed evaluations and moniloring
conducted lo verify or adjust landscape designs.
We can rehabilitate ecosystems and dependent
species that have been adversefy aflected  through
fire exclusion, fragmentation or other resufts  of
human activities ff we grow to understand the
natural processes that species and ecosystems
co-developed wtth, and then mimic those
processes through ecosystem management.

Species may become rare, threatened or endan-
gered because their habitat is being lost or
degraded, because they are endemic to a particular
area, or because they are at the edge ol their natural
range. In the first two instances, protection or
recovery efforts are warranted~  In the latter case,
however, ft may be futile to try to maintain biota in
environments where they are pre-disposed to
decline. At a minimum, populations at the edge of
their range can be evaluated for genetic diversity,
and recovery programs can be administered
accordingly. Species and community distributions
can often be related to ecological unils.  which can
be useful in their inventory and protection.

The new emphasis on sustaining and restoring the
integrity of ecosystems may aid in arresting the
decline of biological diversity, and preempt the
need for many future protection and recovery
efforts. Developing basic information on the nature
and distribution of ecosystems and their elements
will enable us to better respond to issues like global
warming. forest heahh, and biological diversity

CONCLUSlON

The hierarchical framework of ecological units was
developed to Improve our ability to implement
ecosystem management Thislramework. in combi-
nation wtih other information sourcas,  Is playing an
important role in national, regional, and forest plan-
ning efforts; the sharing of information between
forests, stations.  and regions: and inter-regional
assessments of ecosystem condiiions.

Regions and stations,  wfth national guidance, are
coordinating their design of ecological unfts  at
higher levels of the national hierarchy. Development
of landscape and land unft maps is being ooordi-
nated by appropriate regional. station, forest and
ranger district level ataff.  As appropriate, new tech-
nologies (e.g., remote sensing, 06 expert
systems) should be used in both the design, testing
and refinement of ecological unit  maps.

The classffication  of ecological types and mapping
of ecological units pose a challenge to integrate not
only information, but also the concepts and tools
traditionally used by various disciplines. The effort
brings together the biological and physical
sciences that have too often operated indepen-
dently. Specialists like foresters, fishery and wildlife
biologists, geologists, hydrologists, commun’Q
ecologists and soil scientists will need to work
together to develop and implement this new classffi-
cation and mapping system. The resuhs  of these
concerted efforts will then need to be applied in
collaboration with planners, social scientists, econ-
omists, archaeologists and the many other special.
ties needed to achieve a truly ecological approach
tolhe management of our nation’s National Forests
and Grasslands.
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Table 1. National hierarchy of ecological unite.

PLANNING AND
ANALYSIS SCALE ECOLOGICAL UNITS PURPOSE. OBJECTIVES, AND GENERAL USE

Ecoregions
GlObal

Continental

Regional

Subregions

Domain Broad applicability for modeling and sampling. RPA
_~.--____.._..__ assessment

Division
-_-_---__.________

Province

Sections RPA planning. Mutti-forest,  statewide and multi-agency
-..-_ ,....-  ___ _._. _._._  .__. analysis and assessment.

Subsections

.andscape

.and  Unit

Landtype  Association Forest or area-wide planning, and watershed analysis.

Landtype Project and management area planning and analysis.
_......_...  _.__-.___..-..

Landtype Phase

iierarchy  can be expanded by user lo smaller Very detailed project planning
~eographfcal  areas  end more detailed eco/og-
ceI units  it needed,



Table 2. Prlnclpal  map unit design crlterla of ecologlcal  units.

ECOLOGICAL UNIT PRINCIPAL MAP UNIT DESIGN CRITERIA’

Domain a Broad climatic zones or groups (e.g., dry, humid, tropical).

Division l Regional climatic types (Koppen 1931, Trewanha 19fZt).
l Vegetational affinities (e.g., prairie or forest).
l Soil order.

Province l Dominant polential  natural vegetation (Kuchler  1964).
l Highlands or mountains with complex venical  climate-vegetation-soil tonation.

Section l Geomorphic province. geologic age, stratigaphy. Mhology.
l Regional climalic data.
l Phases of soil order, suborders or great groups.
l Potential natural vegetation.
l Potential natural communities (PNC) (FSH 2090).

Subsection l Geomorphic process, suriicial  geology, ltihology.
l Phases of soil orders, suborders or great groups.
0 Subregional climatic data.
0 PNC-.formation or series.

Landtype  Association 0 Geomorphic process, geologic formation,  SurliCiaf  geology. and elevation.
0 Phases of soil subgroups. families, or series.
l Local climate.
l PNC-series.  subseries, plant associations.

Landtype 0 Landform  and topography (elevation. aspect slope gradient and position).
l Phases 01 soil subgroups. families, or series.
0 Rock type, geomorphic process.
l PNC-plant  associations.

Landtype  Phase l Phases oi soil families or series.
l Landform  and slope posItion.
l PNC-plant  asswiations  or phases.

1 It should be noted that the criteria listed are broad categories of environmental and landscape components.
The actual classes of components chosen lor designing map units depend on the objectives for the map.



Table 3. Map scale and polygon rlze of OCO~OQkfd  units.

I~-- ECOLOGICAL UNIT I MAP SCALE RANGE -~I GENERAL POLYGON SIZE

I Domain 1 1:30,000.ooO  or smaller 1 lOOO,CWs oi rqusrr  mllrs

I Division I 1:30,ooo,ooo  to 1:7,5oo,ooo  I 100,WC’s  ol rqurre mllrs

Province

Secfion

Subsection

Landtype  Association

1:15,ooo,ooo  to 1:5,ooo,ooa

1:7,5cKl,@00  to 1:3,5oo,wo

1:3.5oo,oocl  IO 1:25o,oocl

1:25o,ooo  to 1:6o,ooo

10,OOOk  of l qusro mllrs

1,OW’s ol l qusro miles

1 D’s to low 1 ,DOO% of l qusro mller

high 100’s  to 1,OOO’s  d sews

I Landtype I 1:6O,WO  10 1:24,000 10’s to 100’s of sews

Landtype Phase I 1:24,000  or larger I ~100 scres



APPENDIX 1:

The National Hierarchical Framework of Ecological
Units has wotved  based on lhe ideas and contribu-
tions of many persons. The Forest  Service appreci-
ates the time and effort put forth by these contribu-
tors to strengthen lhe  scientific credibility of thii
Framework. We have compiled a lisi that we believe
includes most of the contributors, akhough  we have
likely overlooked others who deserve to be @cog.
nized.  A sincere Thank you’ is extended to
everyone who contributed toward this paper.

OTHER ECOMAP AND REGIONAL ECOMAP
CONTRIBUTORS:

ROB MROWKA. Ecologist Timber Management
Staff. Washington, DC.

JANEffE W\ISER. Range Conservationist, Range
Staff, Washington, DC.

JIM FENWOOD, Wildlife Biologist, Wildlife and Fish-
eries Staff. Wash., DC.

WARREN HARPER, Waler Resource Manager,
Watershed and Air Stan, Wash.. DC.

JOHN NESSER, Soil Scientist, Region 1. Missoula,
MT.

WENDEL J. HANN, Regional Ecologist, Region 1,
Missoula MT.

FRED SAMSON, Wildlife Ecologist, Region 1,
Missoula, MT.

JERRY A. FREEOUF. Reaional  Soil Scientist.
Region 2. Denver, CO.

DAVlD  WHEELER, Regional Ecologist,
Denver, CO.

JIM MAXWELL, Regional Hydrologist.
Denver, CO.

BARRY JOHNSTON, Plant Ecologist.
Delta, CO.

Region 2,

Region 2.

Region 2.

WAYNE A. ROBBIE. Regional Soil Scientist. Region
3. Albuquerque, NM.

MIKE LINDEN, Regional Geologist. Region 3. Albu-
querque, NM.

THOMAS M. COLLINS, Regional Soil Scientist.
Region 4, Ogden, UT.

CUM WILLIAMS, Ecologist, Region 4, Ogden, UT.

EARL ALEXANDER, RETIRED. Soil Scientist
Region 4, Ogden, UT.

JOHN CHATOIAN, Regional Geologia,  Region 5,
San Francisco, CA.

DAVID V. DIAZ, Regional Ecologist, Region 5. San
Francisco, CA.

ROBERT T. MEURISSE,  Regional Soil Scientist
Region 6, Portland, OR.

DUANE IAMMERS,  Regional Soil Correlator,
Region 6, Corvallis, OR.

JON R. MARTIN, Plant Ecologist. Region 6, Siuslaw
NF, Corvallis. OR.

JAMES E. KEYS, JR., Soil Scientist, Region 8,
Aflanta,  GA.

KEITH MCIAUGHLIN.  Regional Hydrologist, Region
6. Atlanta, GA.

ALLAN  BOSS. Wildlife Biologist, Region 9,
Mikvaukee, WI.

TERRY BROCK Regional Soil Scientist, Region 10.
Juneau, AK.

GREG NOWACKI. Regional Ecologist, Region 10.
Juneau, AK.

REVIEWERS AND COMMENTERS ON THIS
PAPER:

USDA Forrat Servlcr

WILLIAM M. BRISTOW, II, Director, Information
Sydems and Technology, Washingon, DC.

ROBERT M. WILLIAMSON. Director, Range
Management. Washington, DC.

JOAN M. COMANOR.  Director, Land Management
Planning, Washington, DC.
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ROY DROEGE. Forester, Lands Staff, Washington,
DC.

DONNA V. LAMB, Air Program Manager, Watersjed
amd Air Management Washington, DC.

RICHARD W. FISHER, Air Specialist, Watershed
and Air Management. Washington, DC.

KEtTH  E. EVANS, Acting Station Director, Inter-
mountain Forest and Range Experment  Station,
Ogden, UT.

NANCY GRAYBEAL (for) Regional Forester, Pacific
Northwest Region, Ponland,  OR.

KENNETH HOLTJE. Ecosystems Team, Eastern
Region, Milwaukee, WI

ADRIAN HAUGHT (for) Director of RPA. Wash.
ington, DC.

WALTER A. HOUGH, Assistant Director, Southern
Forest Experiment Station, New Orleans, LA.

JAMES 0. HOWARD, Forest Products and
Harvesting Research, Washington, DC.

ARIEL E, LUGO. Atiing Director, International lnsti-
tufe 01 Tropical Forestry, Rio Piedras, P.R.

ROBERT D. NELSON, Director ot Wildlife and Fish-
eries, Washington, DC.

CHRISTOPHER RISBRUDT (for) Regional Forester,
Northern Region, Missoula, MT.

ROBERT M. ROMANCIER  (for) Station Director,
Northeastern Forest Experiment Station, Radnor,
PA.

CHARLES VAN SICKLE, Assistant Director. South-
eastern Station, Ashville. NC.

JIM WEIGAND. Pacific Nonhwest Station, Portland.
OR.

EDWARD WHITMORE, Director, Forest Manage.
ment Pacilic  Southwest Region, San Francisco, CA.

KEITH EVANS, Acting Station Diredor,  Intermoutain
Station, Ogden, UT.

JACOB L WHITMORE, Acting Assistant Director,
Nonheaatern  Forest Experiment Station, Radnor,
PA.

JERRY WILLIAMS. Fire and Aviation Management,
Washington. DC.

THOMAS R. CROW, Lendscape  Ecologist, North
Central Station, Rhinelander, WI.

MARIE-LOUISE SMlTH,  Ecologist, Northeastern
Station, Durham, NH.

JOHN R. PROBST, Wildlfle Ecologist, North Central
Station, Rhinelander, WI.

DAVID V. SANDBERG. Pacffic Northweal  Station.
Corvallis, OR.

LOUISE M. TRIlTON, Research Forester, Nonh-
eastern Station, Burlington, VT.

The Nature Conservancy:

DENNIS GROSSMAN, Lead Ecolqist. The Nature
Conservancy, Washington, DC

PATRICK S. BOURGERON, Landscape Ecologist,
The Nature Conservancy, Denver, CO.

Other Federal Agenclea and States:

RON BAUER, Soil Scientist, Soil Conservation Serv-
ice, Lincoln, NB

JIM CULVER, National Leader, Correlation, Soil
Cons. Service, Lincoln, NB.

DENNIS LYTLE,  National Coord.,  Soil Geography,
Soil Cons. Service, Lincoln, NB.

COLIN VOIGT. Soils Program Manager, Bureau of
Land Management, Wash., DC.

MIKE JENNINGS, GAP Program Coordinator, US
Fish and Wildlife Service, Moscow,lD

JOHN C. ALMENDINGER. ECS Coordinator, Minne-
aota Department of Natural Resources, Deer River,
MN.

H. WILLIAM ROCKWELL, JR. Michigan Department
of Natural Resources, Lansing. MI.



Unlversliicr:

BURTON V. BARNES. Professor of Forest Ecology,
School of Natural Resources and Environmem,
University of Michigan, Ann Arbor, MI.

DAVID M. HIX, As&tam Professor and Principal
Investigator. School of Natural Resources, The Ohio
State Universfly, Columbus, OH.

GEORGE E. HOST, Research Associate, Center for
Water and the Environmem, University of Minne-
sota, Duluth, MN.

KURT S. PREGtRER, Professor of Forest Ecology,
Michigan Stale Universiry, Easf  Lansing, MI.

DONALD hf. WALLER. Professor of Botany 8 Envi-
ronmental Studies, University of Wisconsin,
Madison, WI.

ROBERT ROGERS, Professor of Forestry, University
of WisconsinStevens  Point, Stevens Point, WI.

Other Groups:

JAMES R. CRAINE,  Callornia  Forestry Association.
Sacramento, CA.



DEMOCRATIC LEADER

Idaho State Senate
CAPITOL BUILDING

BOISE, IDAHO 83720

A POLITICAL PERSPECTIVE ON ECOSYSTEM MANAGEMEhPT  AND ITS

CONSEQUENCES FOR IDAHO

Sen. Mary Lou Reed 6/17/94

Headline, Noxmber 1993: “ECOSYSTEM MANAGEhIEhT.  An Idea Whose

Time Has Come...but are we ready?“’

Good question. By now, June 1993, most of you scientists are probably convinced

that Ecosystem hlanagement is the key to tomorrow. Each of you probably

enthusiastically agree that “the system is the solution”.

You’ve probably kno\m all along that the whole is greater than the sum of its

parts. Integration. Cooperation. Participation. Comprehensiveness. Connections. Change.

Sustainability. All are words you are comfortable with as operating words for

implementing a holistic approach to resources management. You’re probably happy and

relieved that the top guns in charge of the show are finally getting with the program. The

generals at the top are finallv looking at the big picture and are now calling for a

comprehensive systems approach.

So you are, in fact, RE.4DY.  You are READY  AND EAGER.

But what about the rest of the world? What about THE PUBLIC? Are the)
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ready? What about the politicians? Are we ready?

In a word, NO. The general public is in the dark. Politicians see through the

proverbial glass dimly. The public needs to be informed, politicians need to be reassured

and special interests need to be interrupted and diverted. I want to talk with you today

about ways to turn the lights on and up.

I have been asked to bring a political perspective to ecosystem management. The

questions would seem to be: Will the public and its leaders embrace a new approach to

shepherding the resources of the earth we live on, which will preserve  and protect that

earth, even if it requires human restraint and self-discipline? Does good science make

good politics? Can the human species with all its clutter and greed exist in its natural

ecosystem without mucking it up?

When you think of politics you may think of power and manipulation in the

backrooms and boardrooms. I would suggest in a democracy, political power does in the

final say reside with the people. Persuasion must first be aimed at the people. Their

leaders are never very far behind.

Let me list some of the human factors and political realities that I see as barriers

to easy implementation of Ecosystem Management:

1. COMMUNICATION. We have to start with definitions that reflect the good

sense of the concept. At this point the public isn’t sure whether ecosystem management

is a sound bite or sound science. We have to surmount the ever-present language

barriers. I want to give you one good example that I ran across of how NOT to define

Ecosystem Management, if you want to reach out to those of us who are uninitiated and
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unready.

One otherwise helpful article states: “EM is an era of management for outcomes

instead of outputs, multi-valued systems instead of multiple products, and sustainable

production of all the ecosystem pieces - as ‘multiple-use’ implies.”

Well, that paragraph may have much meaning to you all, but it is genuine Greek

to the rest of us.

We are all going to have to work very hard to make sure we are speaking a

common language if we are to develop shared goals. Most people have a real and

intuitive feel for natural processes. The use of simple, even mythic, language can help in

communicating. Earth and Sky, running like a river, forest health.. are examples of basic

phrases that reflect the connectedness of all things and all creatures. We have to seek

and establish common language, and we have to work at it.

2. EDUCATIOS  OF THE GRASSROOTS. Public involvement and grassroots

participation have been key elements in the successful implementation of any ecosystem

management pilot programs. Public/ private partnerships have to be established on a

common ground of mutual respect. A public hearing, if it really is a public listening,

always serves to remind me of the basic common sense and wisdom of a caring public.

For example: people hate clearcuts. Public outcry against clearcuts has gone on for years.

People have an instinctive dislike for practices that appear to be unnatural. And common

sense conclusions have become common knowledge. Such as: clearcuts may damage your

watershed, or may cause soil erosion into the lake or stream, or would probably alter the

wildlife activity and reduce the number of birds.

3



We must never sell the public short. Their wisdom is there to be tapped.

3. SPECIAL INTERESTS. Concurrently, we must never underestimate the power

of special interests to persuade and influence that same public. Money does talk. Money

pays for talk. Talk pays off.

One of Idaho’s U.S. Senators ballyhoos the Clinton Administration’s so-called War

on the West. The senator’s goal is to maintain the status quo provided by an older-than-

Custer Mining Act, a grazing policy that destroys streams and adds to the destruction of

species, and a timber program that overcuts forests and alters ecosystems. The senator

hopes to reap political hay in the process.

The so-called Wise Use Movement, which promotes a reincarnated Sagebrush

Rebellion, is a serious roadblock toward implementing Ecosystem Management on

federal lands, since Wise Use proponents believe that federal lands exist for their private

purposes.

Demagoguery abounds when industry-backed spokesmen appeal to the very real

economic fears that ordinary people who live in resource dependent towns hold in their

hearts toward change and an uncertain future.

4. RESPECT FOR DIVERSITY. One of the basic goals of Ecosystem

Management is to preserve bio-diversity. I have my doubts that folks who live in small

communities, smack in the middle of vigorous, dynamic ecosystems, consider diversity of

any sort to be of unique value - be it bio-diversity, political diversity, economic or social

diversity.

In our attempts to speak in a common language, reach out to the public, we must
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also teach and persuade. We must convince local people of the value of preserving and

promoting diversity. At the same time we can reassure communities that their ecosystem

is not just for us to study, or to look at and recreate in. The commodities they produce

are needed and their work is of value.

5. STUDY VS. ACTION. I mention that ecosystems are not just their for us to

study as a reminder of the public’s impatience with studies. You hear it all the time.

Don’t study the problem. DO SOMETHING. We are not a people with much patience

for planning. And we all know that planning is another word for thinking.

Because a major component of Ecosystem Management is further analysis and

intensive research, part of the communication with the general public must include good

strong explanations of the importance of additional knowledge to the design of a

management strategy. Respect for the SHOW ME needs of the public requires short

term action at the start, 10 run concurrently with a long range planning process.

So, a summary of some political hurdles we must surmount in order to implement

ecosystem management includes:

1. definitions, language and communication,

2. the public’s lack of knowledge and understanding,

3. special interests, the Wise Use Movement, political games,

4. the importance of the production of commodities to the lives of individuals and

their communities . . . to their identities and their livelihoods,

Add lo the mix an American discomfort with abstractions. After all, Ecosystem

Management i.~ a philosophy - a bundle of ideas.

5

:i2 $4



Mix in the scary specter of change - any change.

Plus the human propensity to gravitate toward the simple and away from the

complex.

Ecosystems are by definition “intricate, complex, change constantly, and are not

always predictable.”

Will the public ever be ready for Ecosystem Management? Is it contrary to the

human imperative?

Despite the hurdles, the answer is a solid yes. I just believe it is important to keep

identifiable components of the human condition in mind in setting forth on a course that

involves an ecosystem, including the people who inhabit it.

Let me give you some examples of forays into ecosystem management that have

very positive political ramifications. You can see that the principles of good ecosystem

management do transfer into good politics.

1. Here in North Idaho we have been engaged for several years in our own

fumbling attempt to apply many of the same principles of Ecosystem Management to the

restoration of the Coeur d’Alene Basin. The situation has been ripe for a cooperative

effort. At the headwaters of the Coeur d’Alene River lies one of the world’s most

productive silver, lead and zinc mining areas. One of the nation’s most contaminated

Superfund sites is encompassed in the 21 square mile former Bunker Hill complex at

Kellogg. Mining activity over the past 100 years has sent over 72 million tons of metals

down the river to Coeur d’Alene Lake. The lakebed is encrusted with a layer of heavy

metals.
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In 1989 the Coeur d’Alene Basin Interagency Group (CBIG) was organized - a

loose collection of federal, state and county agency staff members, industry

representatives, members of local lake and river protection groups, all with a common

concern.. the health of Coeur d’Alene watershed. The spirit of cooperation and

coordination has held sway over the years. A more formal structure has been imposed

along with funding, by the state and EPA, and a full blow-n restoration project is in

progress with a lake management plan expected to be produced within the year.

Research dollars and projects have been coordinated, the public has been

included from the beginning, and the effort has broad political support.

2. A unique experiment was conducted in the 1994 session of the Idaho

legislature. Conservationists and industry spokesmen came together with legislators of all

stripes to consider drafting a state Endangered Species Act. All parties sparred cautiously

as the concepts were discussed. The air was filled with mistrust. But painstakingly a

program that was drafted to address ways to eliminate reasons for new listings of

endangered species and to foster de-listing of species. Knowledge that the federal

Endangered Species Act was not going to go away, and a desire for the state to play a

larger role provided the necessary incentives. The result amounted to a habitat

enhancement act. The timber, mining and cattle folk stayed on board as did the wary

conservationists. Only the ever-difficult Farm Bureau jumped ship.

As the bill went to the Senate floor it scored a first - - the first time the

Association of Commerce and Industry and the Idaho Conservation League had

circulated their green sheets of endorsement for the same piece of legislation. The bill



passed the Senate 24 to 11 in the late days of the session. In another year it should make

it into law.

All the elements of ecosystem management were there, even if the political

support came for the wrong reasons. No question but that the federal Endangered

Species Act served as a hammer, just as the threat of Supetfund status acts as a prod for

action in the Coeur d’Alene Basin.

3. A parallel exists in Idaho in the salmon issue. Opposing political entities

throughout Idaho stand together in support of Andrus’s  Idaho plan, which favors a

restructuring of the federal dams on the lower Snake River to permit the salmon smelts

a swifter passage to the sea. Unanimity of purpose is inspired by the larger threat posed

to Idaho’s water all the way to the Upper Snake, if Idaho’s water is seen as the way to

save the endangered salmon. The economic threat to Idaho’s agricultural base is taken

vety seriously by water users and politicians alike. Making the river run like a river,

returning it to its natural process, is seen by most participating parties as good business

as well as good ecosystem management. Certainly better than draining the state’s rivers

and reservoirs.

The salmon issue is fraught with controversy and political disagreement. But in

Idaho, except for Lewiston, a fragile agreement holds the groups together, united in a

common goal of saving water, saving salmon.

From my vantage point, the major obstacles to saving the salmon continue to be

immovable institutions such as the Army Corps of Engineers and the Bonneville Power

Administration, who have no interest in restoring the river’s natural processes.
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In conclusion, I see glimmers of hope for the political progress of ecosystem

management in Idaho. If the process of setting common goals - - goals that reenforce

economic well-being coinciding with sound stewardship -- are clearly defined, and are

inclusive of a well-informed public, I believe ecosystem management can be accepted in

Idaho, just as anywhere else. Further analysis of my examples would underscore the need

for strong laws and strong leadership.

* This 1st page quote and others are .from J’eoole and Forests, U.S.F.S. Cleatwater

Forest publication, Nov. 1993.
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VESTERN/MIDCESTERN  REGIONAL COOPERATIVE SOIL SURVEY COKFERENCE

Committee 1 Report
Role of NCSS in Site Specific Soil Survey

1. Develop NCSS guidelines and certification standards.
2. storage,
3.

retrieval and maintenance of attribute and spatial data.
Interpretation and use of site specific data, resolution of conflicting
data.

I+. Interaction between providers of site specific data.

In our changing world, there is an increased need for site specific soil
surveys and investigation. Not all site specific soil investigations will be
an order 1 soil survey. The specific land use will determine some data
obtained. The following guidelines are recommended for multi-use order 1 soil
s”NeY.

1.

2.

3.

4.

5.

6.

7.

The legend is to be separate from order 2 soil survey. Scale
differences between order 1 and order 2 soil surveys do not permit use
of same legend.

Phases of soil series are mapped

Generally no dissimilar inclusions in soil mapping units.

Scale is at least 1:6,000

Observations will be made on transects or grids, will be georeferenced
and will be made to a depth  of 2 meters generally.

Detail descriptions are required of each soil series or potential soil
series. A detailed description will be made in each soil mapping unit
Other observations may be described in how they differ from the
representative pedon.

A map wit description that includes the range(s) of taxonomically
related data must be prepared.

HETA data will be submitted with each order 1 soil survey. These data will
serve for certification. The Soil Conservat ion Service will keep the
HETA file.

The Soil Conservation Service will have responsibility for storing and
maintaining order 1 soil surveys.

The SCS will correlate order 1 soil surveys but a correlation is not required.

If laboratory data are to be collected, the laboratory procedures in the “Soil
Survey Laboratory Methods Manual”
be used.

by Soil Survey Laboratory staff are to
Analyses that assist in correlation and classification should

be included.

Interpretations will not be stored, only data. Interpretations can be
generated by computers.

Conflicts will be minimized if good guidelines are followed.



The NCSS should develop a meaningful memorandum of understanding with private
soil scientists through the National Society of Consulting Soil
Scientists at the national level.

These recommendations should be distributed to the other regions and to
appropriate agencies as soon as possible.

The committee should be continued to follow up OD these recommendations.

Ccmmitte~

Delbert H&ma.  Michigan, Chairperson
Bruce Frazier, Washington, Vice-Chairperson
Ferris Allgood.  Utah
Alan Amen, Colorado
George Hall, Ohio
Randall Miles, Missouri
Gerald Miller, Iowa
Henry Mount, Nebraska
Curtis Munger,  New Mexico
Gerald Nielson, Montana
Ken Olson, Illinois
Pierre Robert, Minnesota
Richard Schlepp, Kansas
Gary Stienhardt. Indiana
Tim Sullivan. Colorado
Carol Wettstein, Colorado
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COMMITTEE 2 - DRASTICALLY ALTERED SOIL

Committee Chair: Sam J. Indorante, USDA-SCS, Belleville, IL

Obiective of Committee

To review concept, applications, and research on what is
known about disturbed soils and to formulate a working
definition of drastically disturbed (altered) soils.

Charae 61

Develop definition of drastically altered soil.

Recommendation

A soil which, by human activity, has been physically
altered, and/or formed to a lithic contact or to a depth > 2
meters, whichever is less.

Charae X2

Develop procedures for inventorying drastically altered
soils.

Recommendation

Use existing data to obtain information on the nature of the
drastic alteration and their acreages (by state).

A form would be sent to all State Soil Scientists.
Information can be gathered from various state and federal
agencies (i.e., state universities, state departments of
mining and minerals, etc. Information would be compiled by
state and then made available to NCSS cooperators.

Example of form to be sent out.

State

Date

Tvae of Alteration Aooroximate Acreaae

Charae X3

Provide guidelines for updating soil surveys with
drastically altered soils.



-2-

Recommendations

1. Use current/correct imagery.

2. Map at update soil survey scale: 1:24,000 1:12,000

3. Collect history and background of alteration. (i.e.,
mining and reclamation methods).

4. Establish time benchmarks in selected drastically
altered soils (i.e., time zero) to monitor pedogenesis.

5. Reinvestigate, reclassify and reinterpret drastically
altered soils to meet current NCSS standards.

6. Record deficiencies in Soil Taxonomy and suggest
improvements.

Charses for Continuins Committee

1. Develop and recommend a sampling protocol that addresses
the unique horizontal and spatial variability of drastically
altered soils (i.e., coarse fragments).

2. Recommend appropriate physical, chemical, and biological
characterization methods for these soils - in addition to
the traditional soil characterization methods (i.e.,
acid/base accounting).

3. Recommend or propose suffixes to designate specific
kinds of master horizons and layers in drastically disturbed
soils (i.e., VlttV*  suffix to indicate fritted soil structure
in a horizon).

Committee Recommendations

1. This committee should continue as a function of the NCSS
until the duties of the international committee on disturbed
soils is defined.

2. The committee should function in both the Midwest and
West regions.

3. Committee report should be sent to international
committee (Dr. Ray Bryant, Cornell University, Chair).
International committee report should be sent to Midwest and
West committees.
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COMMITTEE THREE: ECOSYSTEM BASED SOIL SURVEYS FOR RESOURCE PLANNING

Charges :

1. Refine objectives and goal statements for ecosystem based soil surveys.
2. Develop model for conducting ecosystem based soil surveys.
3. Develop funding strategies.

Following are discussion points and recommendations for each of the charges.
Note that most of the recommendations are really short term action items that
can and should be implemented immediately. The more general recommendations
requiring longer term, interagency effort, are at the end of the report and
identified with a” asterisk.

CHARGE 1. REFINE OBJECTIVES AND GOAL STATEHENTS FOR ECOSYSTEM BASED SOIL
SURVEYS.

Discussion points:

Following are some of the key discussion points. They reflect the complexity of
the charge and wide range of views about ecosystems, soil surveys, and their
interrelationships. Some examples are: “we need to clearly define an
ecosystem based soil survey;” it is “a soil survey that records the basic soil
properties, one that is consistent, and one that represents the landform or
landscapes; rather than one that has map units designed strictly to meet the
needs of one federal or State program;” “many soil surveys have used a”
ecosystem approach, although the ecosystem label may have been absent;” “map
units should be named based on their landform and/or vegetation
characteristics: ’ “ecosystems atr complex;” “must have interdisciplinary
teams;” “they are tailored to user needs;” and “there is need for deeper
sampling or exploration.” The comments suggest there is a vagueness about the
meaning of “Ecosystem Based Survey.” Perhaps this reflects the complexity of
ecosystems and the information requirements for their management.

Goals/ or objectives:

o Produce and deliver timely, high quality, cost effective surveys. with a
record of important properties, based on sound scientific principles.

o Evaluate and update surveys in light of “customer” needs.
o Maximize use of interdisciplinary teams. This applies to updating

or re-interpretation of existing surveys, or conducting new surveys.
o Provide for flexibility to meet customer needs or respond to key issues

or land uses within a “landscape” area.
o Provide information transfer to help society understand, value and wisely

q a”age soil, land and water resources.

Specific objectives/actions:

o Conduct and maintain surveys by physiographic region, ecoregion, river
basin. or other large scale geographic area. For example, ML&X.  Section
or Subsection of the Forest Service Hierarchy of Ecological Units, USGS
defined river basin or sub basin.
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o Provide users with statements of  important patterns and shapes of  natural
bodies on specific landscape segments. Give more emphasis  to
so i l -geomorphic  re lat ionships .

o Provide users with reasonable estimates of  accuracy and variability of
the survey. Use appropriate statistical techniques to characterize data
s e t s .

o Identify data gaps and develop a strategy to f i l l  the gaps

o Continually evaluate and update interpretations in l ight of  new
knowledge .  Develop interpretations from multiple models of  soils.

CARGEE 2. DEVELOP A MODEL FOR CONDUCTING ECOSYSTEH  BASED SUREVEYS

Discuss ion  po ints :

The comments for this charge centered on four themes. They are:  (1)  conduct
and manage surveys on broad geographic scales such as NIRA or the Forest
Serv ice  Hierarchy  o f  Eco log ica l  Units ;  (2 )  use  technology ,  espec ia l ly  spat ia l
and attribute data systems, and remote sensing; (3) have greater
interdisciplinary and interagency cooperation; and (4) improve characterization
of the soil / landscape system by giving more attention to standardizing landform
terminology, giving more emphasis to landform delineation, using multiple,
integrated models for characterizing and interpreting soils,  and emphasize both
spatial and temporal variability.

Recommendations:

A “model” for conducting ecosystem based surveys would contain several
elements as follows: Survey Areas-Planning and Implementation, Multiple,
Integrated Models of  Soils,  Effective Use of  Technology,  and Technology and
Knowledge Transfer.

I. Survey Areas-Planning and Implementation:

o Set interagency goals,  objectives,  and schedules by Ecoregion. eg.
MLRA, Section, Subsection, River Basin. (Based on natural systems-not
p o l i t i c a l  b o u n d a r i e s . )

o Assess the adequacy of existing data and information and use cost
e f fec t ive  approaches  for  prov id ing  current ,  accurate ,  and  “use fu l ”
information to natural resource planners,  managers,  scientists,  and
other  interested  part ies .  (Recognize  the  rea l i t ies  of l i m i t e d
financial resources and set clear, interagency priorities for
conducting and maintaining surveys and data bases.)
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II. Use Multiple, Integrated Models of Soil for Characterization and
Interpretation:

A. For example, models of soil after Meurisse and Lammers.  (1993); and
Dumanski,  (1993).

ECOSYSTEJ4  OR COXPONENT \ WATER-TRANSMITTING MANTLE
o Dynamic interactfons/rHtes  of change 0 Movement/storage of water/energy
o Nutrient cycles/transport processes o Soil physical properties
o Decomposition/Trophic  relat ions o Erosion processes
o Environmental filte
o Time scale 10 to 10 yrs.

1 -?:TlJR4L

o Pedotransfer func!jions
o Time scale 10 to 10 yrs.

State factors
Weathering processes
Geomorphic history
Soil individuals
Classification
Happing
Time scale 1O’to lo3 yrs.

MEDIUM FOR PLANT GROWTH _A STRUCTLML  MATERIAL
o Available q oisture/nurrfents/heat o Mechanical properties
o Aeratfon/anchorage (strength/plast ic i ty)
o Plant physiology o Drainage/porosity
o Response to q anagemrjnt
0 Time scale 10 to 10 yrs.

o Conductivity--hea$/water/energy
o Time scale 10 to 10 yrs.

B.

1.

Recommended actions, regardless of model:

Emphasize the model of soil es natural bodies es the central concept.
Others are derived from it.

2.

3.

4.

Renew emphasis on the Jenny model of soil where S-f(C1,  Pm, 0, R,T).

Increase characterization of soil organisms.

Provide insights to rates end magnitudes of material cycles, energy
flows, pedotransfer functions, and transport processes.

5. Develop criteria and rate soils for resiliency to management impact.

6. Use multi-factor approach to design of mapping units, including geology,
landform, potential natural community. end slope, with due consideration
to the major uses. Increase emphasis on geomorphic process.

;a 0
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III. Make Effective Use of Technology:

o Expedite development and implementation of readily accessable relational
data base with common standards, and measures of data quality. Use
compatible hardware and software among agencies.

o Expedite development and implementation of digital data for analysis at
multiple scales across multiple land ownerships or jurisdictions.

o Make appropriate use of remote sensing, ground penetrating radar, DEMs.
and other technology for data aquisition  and interpretation.

IV. Improve Technology and Knowledge Transfer:

Identify continuing education needs and opportunities for soil
scientists. Create a viable mechanism for implementing.

Maintain a staff of highly skilled soil scfentfscs at strategic,
subregional locations. Their purpose is to maincain  data bases, provide
current interpretations. and consult with users of surveys.

Dispense data and information to the public and agency personnel in
multi-media formats such as CD ROH, graphic displays, and digital layers,

CHARGE 3. DEVELOP FUNDING STRATEGIES.

Points of Discussion:
This charge received little comment. However. there is some effort bv the SCS
to submit-budget proposals for surveys by HLRA. The Forest Service, in the
Pacific Northewast Region, is attempting CO manage funding within an Ecological
Section (comparable to an MLPA).

Recommendation:
Set clear, interagency priorities and ensure cost effective measures are in
place to conduct, maintain, and use survey information for sustainable land
use. Seek opportunities and capitalize on them to share equipment, personnel,
and financial resources.

General Recommendations:
Increase opportunities for soil scientists to increase their knowledge
and skills through continuing education, special trainfng sessions, and
inter-agency details. Establish an interagency, NCSS task force, to
identify training needs and continuing education opportunities.

Identify knowledge gaps and develop the research to squire the needed
information. Soil science practitioners need to be involved in the
research process.

Develop a strategic plan for obtaining more knowledge, through research,
about soil organisms. Relate to measurable soil properties as much as
possible.

Develop a strategy for marketing the valuable data sets of ecological
factors.

3-l I
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Appendix

D e f i n i t i o n s :

Ecology: The science that deals with the interrelations of  organisms and their
environment. (Glossary of  Science Terms, Soil Science Sot. Amer. 1975)

Ecosystem:  Any unit including all of the organisms (i.e., the “community) in a
given area interacting with the physical environment so that a flow of  energy
l eads  to  a  c lear ly  de f ined  trophic structure ,  b iot i c  d ivers i ty ,  and mater ia l
cycles within the system. (E.P. Odum, 1971)

Organisms together with their abiotic environment, forming an interacting
system, inhabiting an identifiable space. (A Glossary of terms used in Range
Management ,  (ISBN  o-9603692-8-7) Jacoby)

The organisms of a particular habitat together with the physical environment in
which they live: e dynamic complex of plant and animal communities and their
associated non-living environment. (Biological Diversity on Federal L a n d s ,
Report of a Keystone Policy Dialogue. 1991)

The complex of a community of organisms and its environment functioning as an
eco log ica l  uni t  in  nature .  (Websters  d ic t ionary)

Ecological Type: A category of land having a unique combination of  potential
natural community,  soil ,  landscape features,  climate, and differing from other
ecological types in its abil ity to produce vegetation and respond to
management. (USDA Forest Service Handbook, FSH 2090.11, Ecolgical
Classification and Inventory Handbook)

Ecological Unit: A mapped landscape unit designed to meet management
o b j e c t i v e s , comprised of one or more  eco log ica l  types . (USDA Forest Service
Handbook, FSH 2090.11, Ecological Classification and Inventory Handbook)

Inventory:  A detailed descriptive l ist of  articles with number, quantity,  and
value of  each. (2)  A survey of  natural resources:  an estimate or enumeration of
t h e  ( w i l d l i f e ,  *, etc . )  o f  a  reg ion .  (3 )  A  deta i led  s tudy  or
recapitulation:survey.  ( W e b s t e r s  d i c t i o n a r y )  Note:Inventory  and survey  o f ten
used fnterchangebly.

Potential Natural Community :  The biotic community that would be established if
all sequences of its ecosystem were completed without additional human-caused
disturbances under present environmental conditions. Grazing by native fauna ,
natural disturbances such as drought. floods, wildfire, insects,  and d i s e a s e
are inherent in the development of potential natural communities which may
include naturalized nonnative species. (USDA Forest Service Handbook, FSH
2090.11, Ecological Classification and Inventory Handbook) Note: Often used
interchangebly with Potential Natural Vegetation (PNV).
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COMMITTEE 4 - DISTRIBUTION AND ACCESS TO SOIL SURVEY DATA

Committee Chair: Scott Davis

Charges:

1. Access to spatial and attribute data from soil surveys.
2. Certification of data.
3. Users' fees.
4. Update and coordination procedures.

DESCRIBE WHAT DATA NEEDS ARE AND REASONS FOR THOSE NEEDS:

First, provide analysis to determine what fundamental
principles are needed. Separate the job by asking questions
of what is desired and why is it necessary, and design
systems accordingly. Develop a system or framework within
which one can provide the capability without restrictions
and conflicting requirements to satisfy a whole plythora of
users' needs.

Identify base map needs and the methods to describe data.
Describe limitations of data, i.e., method of how it was
collected (derived, field, laboratory), reliability, levels
of precision, etc. Next, provide the capability to link
data.

NEXT DESCRIBE METHODS OF DATA STORAGE AND TRANSFER:

Four soil data bases and data element dictionaries are in
the construction stages. They are the Soil Conservation
Service's National Soil Information System (NASIS), the
Bureau of Land Management's Soil Information System (SIS),
the Forest Service's Soil Resource Information System
(SORIS), and the work by the Tri-Services (Navy, Corps of
Engineers, and Coast Guard). The need for widespread and
diverse data interpretations have been large enough to
warrant numerous separate data base products.

Three soil database concepts include a national standards
database (official series description and soil
interpretations record), and a site specific database
(pedons, transects, and lab data).

Inter-agency committee efforts began in November 1992 in
Denver. Work groups divided soil data set needs into four
groups of data elements -- soil morphology/properties, soil
chemical/physical properties, map unit, and site
characteristics. The objective of this meeting was to
identify a minimum dataset for the soils portion of the
ecological database. The Soil Conservation Service and
Forest Service continued this effort in Lincoln, in 1993,

,
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consolidating data elements into the following four data
element groups -- pedon, map unit, interpretations, and lab-
field-site. The third meeting (April, 1994, Denver)
continued work of identifying a minimum data set for the
transfer of soils data -- both map unit/aggregated data, and
site/point data -- as directed by the Soils Subcommittee of
the Federal Geographic Data Committee (FGDC).

l To fulfill the requirements of the FGDC, a
coordinate effort evolved to develop a data
dictionary to store soils data. This includes--
developing guidelines, determining data elements,
establishing a common data structure, and
establishing a procedure for changes or additions
to the dictionary.

It was recommended that a core team be established to review
and to make changes to the data element dictionary. This
process is outlined in the report by Jim Fortner (Attachment
1) -

Inter-agency efforts have focused on the development of a
soil minimum data set, expanded soil and ecological data
sets, and integrated resource data sets. It is desired to
develop an integrated system by combining current data sets,
keeping them current and consistent, removing redundancy,
and standardizing access to all data.

Many data elements are interpretative and are needed to
answer land management decisions involving soil-water-
vegetative relationships. The minimum soil data set will
focus on soil survey information which will be aggregated.
Many elements falling under "interpretative kind" as well as
some site data will not be aggregated.

Part 648, Geographic Databases (430-VI-NSSH, Nov. 1993)
provides the basis for data format and exchange.

Keep methods flexible to accommodate assorted needs of users
and collectors. Must be in an understandable format.
Methods available include INTERNET, ARC-INFO, CD-ROM, and
GIS.

COMMITTEE RECOMMENDATIONS

1. All agencies, entities, collectors, and users need a
minimum data set with a common data dictionary and data
structure. Data sets should cover all elements for all
users. Storage of data bases can be separate, but must
provide linkages for other data bases such as forestry,
rangelands, plants, production yields, etc.

2. Data bases need to be linked to NASIS (the central
storage of the SCS for the data dictionary, elements and
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definitions), including multiple resource data bases,
research initiatives such as INTO SHARE, and a data base
layer to describe Potential Natural Vegetation. These extra
data bases will create the need for additional point-site
data tables.

3. Include other disciplines such as plant scientists,
ecologists, and data administrators in development of data
bases.

4. Set standards for the limitations of data reliability.
Establish agreement on common standards to share soil survey
files, soil data information. Develop approach to address
use-dependency among assorted agencies/entities.

5. Utilize various network systems to accommodate transfer
of data, i.e., DOS, UNIX. For transfer, have flexibility
for use of INTERNET, CD-ROM, ARC-INFO, GIS, etc.

6. Refer to soil standards subcommittee to determine agency
responsibility for storing data bases. Determine whether
one agency or each agency should store/be responsible for
updating individual resource data bases.

7. Refer to soil standards subcommittee to approve
amendment recommendations on core team membership (see
attachment 1).

a. Establish communication network with all entities (718)
through mailings and advertising in newsletters such as ASA
and SWCS.

9. Set up certification approval/appear process for data
elements/definitions. Refer to NSH Part 639, Soil Data
Systems and Part 649, Geographic Databases (430-VI-NSSH,
November 1993).

10. See attachment 2 (report from Dick Folsche) regarding
digital soils data cost, archive and retrieval policies).
Do not eliminate established or potential Memorandum's of
Agreement among regional entities to exchange automated
resource data.

276
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National Soil Survey Center
Federal Building, Room 152
100 Centennial Mall North
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May 26. 1994

Jim Keys, US Forest Service, Atlanta, GA
Scott Davis, Bureau of Land Management, Denver, CO
Wayne Hudnall, Agronomy Dept., Louisiana State Univ. Baton Rouge, LA
Rick Bigler, NSSC, MS 36, SCS, Lincoln, NE

First I want to thank each of you for taking time to participate in our data base
workshop in Golden, Colorado. I really appreciate the cooperation and interest in
this project.

As promised at the workshop, I am sending you various products for your review. I
will also be sending these same items to representatives of the other agencies, as
we discussed. The enclosed products are as follow:

- a report of the workshop

- a listing of the data elements that we identified for the map unit data set,
and for the pedon data.

- a printout showing the definition and other information about the data
elements included on the above list.

. a conversion list showing the data elements from the 11192 meeting in
Denver and the equivalent current data element.

. a draft of a set of minimum documentation to be included with proposals
for change/addition to this data set. This is what we in SCS are currently
using for NASIS.

Please review these documents and provide comments back to me by July 1 1,
1994, as previously discussed.

Representatives from SCS and USFS will be meeting in the near future to discuss
the geomorphology issues. When they get something completed, I will send it to
you.

Again thanks for your input and cooperation, and I look forward to continuing our
work on this project.

& R.&!lu.u

JIM R. FORTNER
Soil Scientist
Mail Stop 33

Enclosures



A C T I V I T I E S :
The group first reviewed the proposed agenda items and
identified priority items to address.

1. After the minimum data set is identified and accepted,
there will be a need to keep it up to date. This will
include a process to add new data elements or make changes
to existing ones. Therefore, the group indicated that a
"core team" would be needed to review and accept/reject
these proposals.

The recommended membership of the Core Team is as follows:
- 2 members each from the Soil Conservation Service

(SCS) and the university cooperators in the National
Cooperative Soil Survey (NCSS). One university
representative would represent the northeast and
south regions, and the other the nid.dest and west
regions.

- one member each from the following federal agencies:
US Forest Service, Bureau of Land Management,
Environmental Protection Agency, Corp of Engineers,
and Agricultural Research Service.

- A representative from SCS will serve as team leader.

- we ask that each of the above mentioned agencies
provide the name, location, and phone number of their
representative to:

Jim Fortner
100 Centennial Mall North
Room 152, Mail Stop 33

Lincoln, Nebraska 68508
Phone: 402-437-5353

- we recommend that the NCSS national work planning
conference representatives appoint the two university
representatives  to the core team.



Terms of membership would be for three years each, expiring
on a staggered basis -- three expiring each year beginning
after the first three years.

Other agencies/entities such as US Fish and Wildlife
Service, Bureau of Indian Affairs, Bur. of Reclamation, Eur.
of Mines, Biological Survey, Dept. of Transportation, and US
Park Service would be contacted for input related to data
relative to their specialties. These are thought to be
mainly users of soils data.

We intend to use the existing NCSS Work Planning processes
and state contacts to allow for input from industry, non-
industrial landowners, and non-traditional users to the core
team.

2. The following process to review proposed changes will be
used.

* Each core team member will receive, review and
organize proposals originating within their
respective agency/entity. They will then forward a
recommendation for action to the core team leader.

l The core team leader will route the proposal along
with the originating agency's recommendation to core
tean members for review and recommendation.

l The core team will make the final decision. Each
represented agency will have equal voting rights --
one vote per agency/entity.

l An appeal procedure will be established to allow for
direct presentation of proposals to the core team
leader.

* The data set will be maintained by SCS.

l We will establish a feedback and tracking mechanism
to ensure that the originators of proposals are
informed of actions taken on their proposals.

l A mininum standard for documentation to accompany all
proposals will be established. (a draft of this is
attached to this report)

* A mechanism to get input and/or review of proposals
from agencies not represented on the core team will
be established.

l A scheme to ensure timely review and processing of
proposals will be established.



3. Discussion then turned to selecting those data elements
to be included in the minimum data set. Those identified
for map unit/aggregated data and those for pedon/site data
are listed on enclosed printouts. These are not intended to
be complete lists as representatives needed to discuss the
geomorphology and plants related data elements were unable
to attend. We tentatively included some of the
geomorphology data elements, but decided to wait on
including most of those related to plants. These folks will
be meeting in the near future to discuss those elements.

The enclosed printouts also list the definitions of the data
elements, additional information dealing with type, length,
and ranges, and where aoppropriate a choice list or list of
domain values.

4. The group also discussed how the data should be stored.
The SCS is developing a National Soils Information System
(NASIS) to manage their soils data. The USFS is developing
a Soils Resource Information System (SORIS), and BL,M is
developing the Soil Information System (SIS). Other
agencies are developing their respective systems. After
some discussion it was proposed that this minimum data set
use the data structure of NASIS since SCS will be managing
the data set. Other agencies will then need to develop a
procedure to download their data to that structure for
transfer.

5. Discussion was also held as to what is the appropriate
kinds and precision of data to be included with spatial data
at significantly different map scales, ie. 1:12,000 vs
1;250,000 or 1:1,000,000. This isssue will need further
discussion at a later date after it is known as to how FGDC
is planning to deal with this kind of issue.

6. We then discussed what steps are needed to be able to
present a product to FGDC for approval. The following were
identified:

- SCS will route this report and lists of data elements
and definitions as discussed above to the
participants of the workshop and other appropriate
representatives, by May 20, 1994. We will also
provide a proposed set of minimum documentation to be
included with proposals for changes and/or additions
to the data set, and a copy of the data structure of
NASIS for review and information.

- Those receiving the report and lists are asked to
review the lists of data elements and definitions and
provide comments to me by July 1, 1994.

- Depending on the response received, there may be a
need to hold a teleconference to resolve issues.
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- Representatives from SCS and USFS will be meeting in
the near future to discuss a method to describe and
store geomorphic information. When this is
available, it will be routed for review and
acceptance.

- We will be following up on the effort to include or
link with vegetation data.

- As stated earlier, we will first concentrate on
getting a minimum data set identified for map unit or
aggregated data. We will then work on site or pedon
data, and later on getting laboratory data included.
Plans are to have the map unit data set ready to
present for approval by October 1, 1994, and the
pedon data set by January 1, 1995.

'JIM R. FORTNER
Soil Scientist
NSSC, SCS
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Scott Davis
Bureau of Land Management
Colorado Slate Office CO-933
2650 Youngfield Street
Lakewood, Colorado 60215

Dear Scott

This is in response to your May 15. 1994. request for mlormation  regardng  access
and distribution of soil survey data. The National Cartography 8 GIS Center
(NCG) has some responsibilities that your commlttee  WIII find of interest.

We are in a pilot stage of providing a list of solIs  data avallabte  through NCG on
the Mosatc  In Internet. Those are attached.

NCG has worked with states on a process for the cenlficatlon of STATSGO and
SSURGO. this process IS a draft So11 Manual for the Soil Conservation Servtce.

At the present time, NCG is charging S500 for a state coverage of STATSGO and
S500 for a county coverage of SSUAGO. includtng  the attribute data. This fee
could be terminated ii the government funds and opens up access to the
InformatIon  highway.

The standaras for updatlng and coordlnatlng procedures are now In the process of
being updated everythlng  else IS either completed or In draft form of the SOI!S
Manual.

I hope this is of some help. I will be at the meeting In Idaho. but will have lo leave
on Thursday.

W. R. FOLSCHE. Head
National Cartography 8 GIS Center



DIGIT.AL SOILS DATA FACT SHEET

U.S. Department of Aeticulture
Soil Consemation  Service

DIGITAL SOILS DATA

I: 12.000 to 1:7.500.000-Scale  Digital Soils Information from the SSLRGO.
STATSGO.  and N.4TSGO Data Bases

Available from the National Cartography and GIS Center Fort \Vorth.  Texas

The Soil Conservation Service f SCS) has the federal responsibility for the Sational
Cooperative Soil Suney (NCSS)  and federal leadership for collecting, storing.
mamtaining and distributing soils information of privately owned lands in the
United States. The Federal Geographic Data Committee and the Office of
.\lanaeement and Budget have tormally assigned the responsibtlity  for national
coordmation of digital soils data to the SCS.

.k a step toward making digital soil data available. the SCS is releasing for sale.
boundary and attribute data from it’s major soil data bases.

SCS has established three digital soil geographic data bases representing different
intensities of soil mapping. Common to each soil SeoSraphic Ispatial) data base is the
linkage to a soil interpretations fattribute~  record data base. which gives the
proportionate extent of the component soils and their properties for each map unit.

\Vith these di_eital  data bases, users can store. retrieve. analyze. and display soil data
in a highly efficient manner. as well as integrate the data wuh other spatially
referenced resource and demographic data in a Geographic Information System
(GIS).

THE THREE DATA BASES

The three soil geographic data bases are the Soil Survey Geographic Data Base
(SSURGO),  the State Soil Geographic Data Base (STATSGO),  and the National Soil
Geographic Data Base (NATSGO).  Components of map units in each geographic data
base are generally phases of soil series. Phases of series enable the most precise
inteqxetation.  Interpretations are displayed differently for each geographic  data base
to be consistent with the level of detail mapped. The soil interpretattons record data
base encompasses more than 25 soil physical and chemical properties for
approximately 18,000 soil series recognized in the United States.
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Information such 3s particle size distribution, bulk density. 3vailable water c3pacity.
soil re3ction. salinity. and organic matter is included for e3ch major luger of the solI
profile. Also included clre d3ta on flooding. water table, bedrock. subsidence

I
characteristics of the soil. ;md interpretations for erosion potential, septic tank
limit3tions. engineering. building and recre3tion development. and croplctnd.
woodland. wildlife h3bitat. and rangeland management.

,I T31e SSL’RGO  Dam Base

1
SSURGO. the most demiled  level of inform3tion.  is used primruily for f3rm z-td
ranch conservation pl3tming:  ra.nnge  and timber mrtnagement: and county, township,
ctnd watershed resource planning 3nd management. Utilizing the soil attributes. this

1
d3ta  also serves 3s 3n excellent source to review site development proposals 3nd I3nd
use potential. make kmd use 3ssessments  and to identify potential wetland are3s.

I
Using n3tion31  m3pping stcmd3rds.  soil mrtps  in the SSURGO d3t3 base 3re made by
field methods, using observations along soil deline3tion bound3ries and tr3verses.  and
detetmtning  m3.p unit composition by field tmnsects. Aerial photographs are

I interpreted and used as the field m3p buse.  hlaps ;LTe m3de 3t sccdes  r3nging from
1: 11.000 to 1:3 1.650 and incorporclted  with comprehensive descriptions to produce

I
the NCSS public3tions.

Digitizin! is by line segment (vector) in accordance  with SCS-established digitizing

I
specificattons  and stand3tds for duplic3ting the oripinal  so11 suwey m3p. The

mapping b3ses 3re normctll~  orthophotoqu3ds or 7.5 minute topoquctds.  Digitizing is
done by SCS or by cooper3ting st3te  and 10~31 governments.

1
SSURGO d3ta 3re collected and archived in 7.5 minute topogrsphic qu3dr3ngle  units.
3nd distributed 3s complete coverage for 3 soil~sur\‘ey  rue3 usu3lly consistinS of ten

I
or more quadr3ngle  units. The 3dJotning 7.5 mmute units are mcltched  wthin the
survey 3re;ls.

I

PlTIre  .ST,-lTSGO  Dara Base

STATSGO  is used primarily for river bwin. state, and multicounty  resource

I

planning, management. 3nd monitoring.

Soil maps for STXTSGO were made by generalizing the detailed soil survey  m3ps.

I

Where more detailed maps are not available, data on geology. topography.
vegetation, and climate were assembled. together with satellite images. Soils of
analogous are3s  are studied. and 3 determination of the classification and extent of

I

the soils is made.

!vlap unit composition for STXTSGO is determined by transecting or s3mpling are35

I

on the detailed m3ps  and exp3rtding the data statistically to characterize the whole
map unit.

STATSGO  was mapped on the U.S. Geologic31 Suney’s 1:250,000-scale
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topographic quadrangle series. Soil boundaries vvere  digttized bg line segment
(vcctor~  to comply with national guidelines and standards.

STATSGO data are archived and distributed as complete coverage for a state.
STXTSGO  data are joined between states.

The ;VA TOGO Dara Base

.N.ATSGO  is used primarily for national, regional, and multistate resource appraisal.
planning. and monitoring.

The boundaries of the major land resource area (MLRA)  and land resource regions
were used to form the NATSGO data base. The MLR;\  boundaries were developed
primarily from state general soil maps,

\lap unit composition for N.ATSGO  was determined by sampling done as part of the
1982 National Resources Inventory. Sample data were expanded for the .1lLR,\s.  with
sample design being statistically significant to state parts of the !vlLRr\s.

The NATSGO map was digitized at a scale of 1:1.500.000. also by line segment
(vector). and is distributed as a single data unit for C.S. coverage.

D.iT.1 CONTENT AI’;D FOR\IAT

Spalial Dara

SSL’RGO. STATSGO.  and NATSGO spatial data are distributed to the public from
the National Cartography and Geographic Information System Center (SCG) in the
USGS Digital Line Graph t DLG-3) Optional Distribution Format.

SSL’RGO data are archived in various formats. Depending on the format requested.
the customer’s request may be delayed to reformat the data of the DLG-3 Optional
format. SCS soil map symbols (AbC) are not normally carried within the DLG-3
Optional format. However. these map symbols are made available as a unique ASCII
file when SCS soils data are distributed in the DLG format.

The NCG primarily operates a Geographic Resource Analysis Support System
(GRASS) GIS. SCS-GRASS and other GIS formats may be made available by
mutual agreement.

The distribution medium for spatial data will normally be g-track magnetic tape at
1600 bits per inch (bpi), but may be cartridge tape. also by mutual agreement.

Additional information regarding file formats for data, as well as the technical
specifications for digitizing SCS soils data, is available from the NCG.

Attribure  Data
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SCS’s attnbute  data for SSURCO and STXTSGO  are stored in a relational data base.
This format is a nonfixed length. tab delimited. ASCII file.  SATSGO is stored in a
flat ASCII file.  Attribute data are distributed on a g-track  magnetic tape or cartridge
tape media.

Additional information regarding tile formats for attnbute data are available from
the NCG.

Before pttrchasine digital soil data. the user needs to identify the area of interest and
examine the antic;pated use of the data. More importantlv. the user should be
knowledgeable of the software and/or data format capabilities available on the
computer system intended for use. The user should be knowledgeable of soils data
and their characteristics. If you need assistance. contact an SCS soil scientist for help
or contact:

Sational Soil Survey Center
U.S. Department of Agiculture
Soil Consenatton  Senice
Federal Bldg.. Rm I52
100 Centennial hIall. Sorth
Lincoln. NE 6S5OS
(102) 137-5123

To obtain data. contact:

National Cartography and GIS Center
U.S. Department of Agriculture
Soil Consewation  Service
P.O. Box 6567
Fort Worth. Texas 76 I 15
(817) 334-5559
FAX (817) 334-5290

DIGITAL SOILS D.4TA COST

Product
0 Coverage
0 Price

SSURGO
o County/ Area
0 $500

STATSGO



0 state
0 s500

YATSGO
o United States
0  s500

Placing Orders

ST,\TSGO  data mav be ordered bv clickitlm  here!

Submit a request to the KG specifying the data being ordered. accompanied by a
check made out to “LSD.4-SCS.”  Provtde the name and telephone number of a
technical contact. Any special handling, which may require additional charges, will
be discussed with the user before completion. A data base listing. descrtbing the
characteristics and status of available data. and status maps are also available.

All programs and services of the Soil Conservation Service are offered on a
nondiscriminatory basis. without regard to race. color. national origin. religion. sex.
age, maritaJ status. or handicap.

JUYE 1992 / 1005553DRevised

meturn to Geographic Databases Page.

l’SD.4 -SOIL CO.VSERC’ATI0.V  SERVICE / .\!.A Y 1994
send comments on&or rueoestions  to ~~~~~~~nncg.scs.~g,go~~.
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GIS D.ATA ATLAS AND CATALOG

This catalog is a textual listing of the holdings of the Sational Cartography and GIS
Center tNCG) media library. >lany of these data were collected from soil swey
digitizing projects performed in-house, by state soil staffs or from contracting
sources. It is recognized that much of the soil data catalogued is the property of the
Soil Conservation Service state soil staffs and may exist in a more current version
elsewhere: the only exceptions include the certified SSURGO and ST.\TSGO  data
bases that the NCG is responsible for storing and cataloging.

All vector or line-segment spatial data is distributed in the DLG-3 Optional Format
or in the GRASS vector format unless otherwise noted. The attribute data may be
distributed in a relational data base structure or in a flat ASCII format. Raster data
are in the GRASS cell or raster format and are distributed as full GRASS mapsets
unless otherwise noted. Raster aruibute data are distributed in a relational data base
format or in 3 flat ASCII format.

The SCG can provide data in a variety of media types. which include: 9 - track
ma_enetic  tape. quarter inch cartridge tape of several densities. 8 mm mpe.  erasable
opttcal disk. compact disk - read only ICD-RO\l)  as \vell  as tloppy disks and
diskettes.

FOR .4DDITIO.\!AL  I.~FORIfAT~O,i’ABOL~T  THE D.4T-l  LISTED lib’ THIS
C.4 TALOG  CO,\‘T.ACT:

National Cartography and GIS Center
U.S. Department of Agriculture
Soil Consenation &mice
P.O. Box 6567
Fort Worth. Texas 76115

(817) 334-5559 FAX (817)  334-j&59

TABLE OF CONTENTS

aSECTION 1. SSURGO SOILS DATA
aSECTION II. DETAU.F.D  DIGITAL SOILS DATA
USECTION In. STATSGO  SOILS DATA
WSECTION Iv. STAT-F Dm EI.PVATIO?!  MODEL DAT.\
WSECTION  V RASW DIGITAL SOILS DAT.4
prSECTlON  VI. U S DATA
maTION  VII. WGRLD  DATA
USECTION WI. CENSUS DATA
QSECTJON IX. DIGlTAL  ORTHOPHOTOGRAPHY DATA



QSECTION XJIISCELLANEOCS D.4T.j
. A..SON-COPYRIGHTED  DATA
l B.COPYR1GHTEDDAT.A

MDA-SOIL  CONSERVATION SERVICE/MAY 1994
Send commenrs  and/or srcPPesrion$  ro ~tr~r~~ncg.scs.ag.gov.
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NCG DIGITAL DATA ARCHKE POLICY

The National Cartography and Geographic Information Systems tNCG) center hosts
a variety of digital spatial and attribute data as a service to several agency Divisions.
In an effort to serve our customers better NCG staff are constantly trying to improve
data access. storage. backup, archive. and distribution efficiencies.

Though a number of different data management options are available at NCG. the
staff relies upon the data stewards to provide metadata and to define the client
Division’s requirements for data handling. A memorandum of understanding
between NCG and the client Division, stating data storage, access, archive, and
distribution requirements, will be drafted and signed.

.\%G DA T.-l A RCHFE POLICIES

The rerm  archive 45 used in this documenr  rrnplies rhe manapenretlr  oJ’diqira1  dara.
orher rhan temporav work space. on maqneric  or opricul  media. This includes
backups qionline darn. rapes on a shelj and dam ON an,~  hard disk. mapneric  or
oprical. on nn~ h’CG cornpurer.

When no clear requirements are stated for data management. SCG staff will
implement the following:

1. Once categorized as “archivable” by agency data stewards. all data will be
maintained offline either on magnetic tape or on optical media.. Offline being
on a shelf within the premises.

2. Agency-owned data archived at NCG will be duplicated and stored off-site.
under the provisions of the SNTC contract with “One Safe Place”, which
allows for routine monthly retrieval, or same-day service with the use of a
courier. Within five days of receipt of the data. NCG staff will read the data
with the appropriate software. If data are readable, duplication and off-site
storage are done within 60 working days.

3. All data will be entered into a relational database maintained at NCG within
ten days of receipt in the geodatabase section, including basic properties and
as much metadata as are available.

4. All data at NCG will be inventoried once a year. and the database updated
with any new or removed items. All public, SCS-owned. data archived at
NCG will be listed on a public catalog, hardcopy and electronic. and made
available to agency staff nationally as well as to the general public upon
request, except when limitations are expressly stated in the relevant MOD.

5. Archive, retrieval. and database access service are available during working
hours through any member of the geodatabase section staff. Randy English is
the section head. Online read-only access to the database is provided upon



request. and access 10 data are provided either online or on electronic media
within two working days or less.

ARCHIVIAG  PROCEDURES

Upon receipt of data. information is entered into a database by the geodatabase
section staff.  If the dau is on magnetic  media it is duplicated for off-sire storage and
shelved for retrieval upon request. Online storage is provided upon request once data
are duplicated onto the appropriate media for off-site storage.

RETRIEVAL

.\ny data in the database can be retrieved by a member of the Geodatabase section.
and duplicated on any available media or disseminated electronically upon request b!
an authorized client. Online data can be made available throughout the NCG
nerwork. anonymous ftp. or Internet.

PRICISG

Cost of semices must be arranged between SCG management and Division
representatives. This fill vary according to the volume of data and t’pe of service
[hat is being requested.

SERVICES .A V.-ULABLE

SCG employs a staff of data archive, management. and distribution specialists who
are in charee of maintaining data and facilitating access to the specifications of the
client Diviiion.  Some of the data-relative services available a~ 15;CG. and addressed
within relevant MOUs with agency Divisions, are:

Off-site storage

. The SNTC maintains a contract with an off-site data storage facility for the
safe-keeping of data tapes. 9-track and 8mm tapes are picked up and
delivered to the center on a monthly basis, with same-day retrieval available

Online storage

. In addition to 15 Gbytes of RAID (Redundant Array of Inexpensive Disks -
they are not inexpensive) storage, NCG computers have network access to
over 10 Gbytes of distributed workspace storage.

Backups
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. All online data on the server’s RAID storage are backed up daily.

Inventory

. h’CG’s spatial and artribute data are inventoried at least once a year. and a
data catalog is published for distribution, X pictorial data atlas is in the
works.

Distribution

. Currently most distribution of data to customers, within the agency and to the
public in general. is done via magnetic media: but a variety of alternatives are
becoming available with the advent of optical media. increased storage
capacities of small-format magnetic tapes, and with increased access to the
nation’s information superhighway.

lledia-The once  popular g-track magnetic tapes are rapidly being
replaced by 8mm helical-scan cartridge tapes. Also available for
storage and distribution at KCG  are: Imm tape cartridges.
Quarter-Inch cartridges (QIC),  600 hIbyte erasable optical disks. 610
Mbyte ISO- and rock ridge format CDRO>l disks. 5 and 3 -inch
floppy disks. and 20 to 90Mbyte  Bernoulli disks.
Dial-up-402 has extensive dial-up capabilities, including modem
access at various baud rates. asynchronous and synchronous packet
switch senice. Internet (currently j6k baud. but soon to be upgraded to
either frame relav or Tl servicer. in-house X.25 protocol support.
anonymous lip site support. and various l_.YiIX uucp protocols.
WAIS--NCG  maintains a \V.AIS  semer and offers WAS-indexing
support as an option for all in-house data upon request.
lIosair/\V\V\V--NCG  also maintains a World \Vide  Web t\V%1V)
sewer as a hlosaic  client for hISwindows. Macintosh. and .Xwindovvs
customers.
Charge-back--A charge-back mechanism is in place at KG.
allowing for recovery of data duplication and dissemination expenses.

Insreb.tum to Gewaphic  Databases Paa

USDA-SOIL CONSERVATION SERVICE /MAY 1994
&nd commenrs  antior S&~~&QJJ 10 ,rwu~~ncg.scs.ag.gov.
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THIS IS .A TEST FORM / .ClA Y I994

STATE SOIL GEOGRAPHIC DATABASE (STATSGO)
ORDER FOR&I

Thank you for your interest in the SCS-STATSGO database. To order data using this
form, you must use a browser with online form features. If you CaMOt  find
somewhere below to type your answers, you cannot use this form. Instead. please
send mail to ~~,vw~~ccg.scs.ag.go~,  and an email version of the form will be sent to
YOU.

When you have filled out the form to your satisfaction, click on the “1lail  Order”
button at the bottom of the form. You should receive an email verification of your
order within a day or so.

I would like to request State Soil Geographic Database STATSGO) data for the
follovving  state(s):

At a cost of 5500.00 per state: total

Please mail remittance in the form of a cashier check. personal check, non-govt.
purchase order, AD-i42 for USDA agencies, or OPAC billing for non-USDA
agencies to:

Soil Conservation Service
National Cartography and GIS Center
STATSGO  DATA
P. 0. Box 6567
Fort Worth. TX 76 11.5
(817)334-5292
FAX-(817)334-5469

1.

Checks are to be payable to SCS-National Cartography and GIS Center.

Yi3
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I Shipment of data will follow receipt of payment.  For prompt. accurate shipment.

I

please type the following label:

Name:

I
Email Address:

I Telephone:

F.4X:

I
Position:

I Affilation:

I Street Address:

I City State Zip:

I Please select the data format and type of media you prefer:

Spatial Data Format:

.uIC Export

GRASS Vector

DLG-3 Optional

Tabular Data Format:

1 ARC Export

Prelude

I g-Track Tape

I
8mm  Tape

l/-V’ Caruidge Tape

I



To send your order. press here:

To clear the form. press here:

etum to Geographic  Databases Pxx,

LJDA-SOIL CONSERVATION SERVICE /MAY 1994
Send commenrs  and/or suppesrions to ~~,r,,~@ncg.scs.ag.go~.
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Redefining The Cooperative Role In NCSS

Committee report submitted to:
Western/Midwestern Regional Cooperative Soil Survey Conference

Coeur d’Alene, Idaho
June 17, 1994

Committee Chair - Paul McDaniel

Committee Members and Participants -

Mickey Ransom
Wayne Robbie
Joe McCloskey
LeRoy  Daugherty
Eugene Kelly
Harold Maxwell
Tim Gerber
Gordon Huntington
Gary Muckel

Robert Klink
Sian Conway
Dennis Heil
Jerry Nielsen
Janis  Boettinger
Tom Fenton
Russ Langridge
Don Franzmeier

The National Cooperative Soil Survey (NCSS) is a nationwide partnership
of Federal, regional, State, and local agencies and institutions (National Soils
Handbook). The NCSS represents a long-standing cooperative soil survey
effort that has served as a viable model for other countries. As such,
redefinition of cooperative roles should consist of ‘fine tuning’ rather than a

complete overhaul. It should be emphasized that the NCSS program is not
‘broken’ and therefore wholesale changes are neither required nor desired.

The committee considered the 4 charges set forth by the Conference
Steering Committee. These charges are listed and discussed in the following
sections.

1. Identify current NCSS cooperators
A definition of an NCSS cooperator is needed. It is important to distinguish

between cooperators, collaborators, and users for purposes of accountability.
Technically, a cooperator is any federal, state, or local agency or institution that
has entered into a working agreement with the NCSS. These agreements are
usually memoranda of understanding (MOU). Although MOUs are not legally



binding contracts, they do provide the framework for operations and
responsibilities related to soil survey activities.

On a more descriptive level, an NCSS cooperator should be thought of as
an agency or entity that has a long-term commitment to ‘investigate,
inventory, document, classify, and interpret soils and disseminate, publish, and
promote use of information about the soils of the United States and its trust
territories’ (NSH).

2. Describe the future role of each cooperator
White the role 01 the SCS is described in detail (see NSH), the roles of other

NCSS cooperators is less well-defined. As such, future roles of NCSS
cooperators need to be re-examined. Recent changes in cooperators’
resources and priorities necessitate that existing MOUs be evaluated. Many
MOUs are outdated and contain language that cooperators are uncomfortable
with. It may be appropriate for all MOUs to be updated in order to more
accurately describe actual cooperator roles.

It is generally agreed that MOUs are, by design, fairly vague and allow a
certain degree of flexibility. However, agency and institutional administrators
are increasingly reluctant to enter into agreements that may be perceived as a
commitment of limited resources. All parties entering into a cooperative
agreement should therefore be comfortable with both the wording and intent of
an MOU.

Committee representatives from various cooperating agencies and
institutions generally do not foresee immediate drastic changes in their current
NCSS roles. For example, state agricultural experiment station representatives
indicate that some traditional NCSS activities such as providing large-scale
laboratory support have been cut back or eliminated because of budgetary and
time constraints, However, participation in other activities such as soil survey
planning conferences, field reviews, and peer review of technical documents is
of substantial mutual benefit and will continue in the future.

All cooperators have been subject to declining budgets and, in many cases,
personnel cutbacks. In view of this, there will be a need for more sharing of
specialists among NCSS cooperators. This is especially true with the
increasing locus on developing an ecosystem approach lo soil survey.
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3. Determine where cooperator input is needed
Cooperator input is perhaps one of the major reasons that the NCSS

program has been successful. As soil survey technology and application
continue to evolve, it is extremely important for cooperators to work together to
develop a strategic plan for the NCSS program.

Annual state-level soil survey work planning conferences are required (see
NSH). There appears to be a widespread perception that these meetings tend
to focus on what has been done rather than on true planning. Therefore, all
participating agencies should be encouraged to take a more pro-active
approach with regard to these conferences. One means by which to at least
partially offset declining resources is by more efficient planning.

Continued cooperator input is needed in many areas. Continued peer
review of technical documents such as proposed taxonomic changes and soil
series descriptions is considered critical. Development and incorporation of
new technology will result in rapid evolution of databases and information
delivery systems. These areas will continue to require cooperator input. New
opportunities of cooperator input will also present themselves. Implementation
of NASIS  will provide an opportunity at the local level for cooperators to provide
appropriate data elements.

NCSS cooperators can also provide means to insure that priority items are
delivered in a timely fashion. As an example, delays in publishing of soil
surveys by the U.S. Government Printing Office have circumvented through
publication of these materials as Agricultural Experiment Station Bulletins, U.S.
Forest Service reports, etc. These types of arrangements can be put into MOUs
when rapid delivery of soil survey data may be required.

4. Identify potential new NCSS cooperators (and collaborators)
In addition to some of the traditional cooperators, there are several

agencies, organizations, institutions, and even individuals that will become
major players in the NCSS. It is important that the need to involve these parties
at various levels of the NCSS be recognized.

As an example, management of Indian tribal resources has been directed by
the Bureau of Indian Affairs (WA). The BIA has been a long-standing NCSS
cooperator. New laws provide for more autonomy in the management of tribal
resources, and as a result, tribal governments will be directly involved in



regulation and management of their lands. At present, there are an estimated
12 million acres of tribal lands needing an initial soil survey. Thus, inclusion of
tribal governments as NCSS cooperators will likely be appropriate for soil
survey activities related to these lands.

Examples of other potential new cooperators include the Intertribal
Agriculture Council, U.S. Department of Defense, U.S. Department of Energy,
Corps of Engineers, state GIS agencies, state heritage programs, state and
local health departments, conservation organizations such as the Nature
Conservancy, and private individuals. All of these groups have recently
demonstrated many of criteria for cooperators described in a previous section of
this report. Many of the new cooperators and collaborators may best be
identified at the state and local levels.

Committee Recommendat ions
Based on the discussion summarized above, the committee recommends

that cooperators take the following steps to insure the continued success of the
NCSS program:

l Maintain the distinction between cooperators, collaborators,
and customers.

l Update and amend memoranda of understanding as
needed.

l Encourage pro-active, annual coordination of soil survey
activities.

l Continue to encourage diversity among cooperators,
collaborators, and customers.
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REDEFINING THE COOPERATIVE ROLE IN NCSS
Committee Recommendations

June, 1994

1. Dlstingulsh  between cooperators, collaborators, and customers.
Although the distinction between cooperators, collaborators, and customers may
not always be well defined, a distinction is needed for purposes of accountability
and strategic planning of NCSS activities. A cooperator is defined as a federal,
state, or local agency or entity that has entered into a working agreement with the
NCSS. Additionally, a cooperator should have a long-term commitment to
“investigate, inventory, document, classify, and interpret soils and disseminate,
publish, and promote use of information about the soils of the US and its trust
territories”.

2. Update and amend memoranda of understanding as needed.
Many cooperators are working with outdated memoranda of understanding
(MOUs).  All cooperators are encouraged to examine existing MOUs and amend
them as necessary to more realistically describe their role in NCSS. MOUs are
often general by design, but it is nevertheless important that involved pat-lies are
comfortable with both the actual wording and implied intent of these documents.

3. Encourage pro-active, annual coordination of soil survey activities.
Annual soil survey work planning conferences at the state level are required
according to the National Soils Handbook. Too often these conferences focus on
past accomplishments rather than on future efforts. In order to make optimum use
of declining cooperator resources for soil survey activities and develop an
ecosystem-based approach, it is especially important that these conferences be
used to plan and coordinate NCSS efforts.

4. Continue to encourage diversity among cooperators and
collaborators.
Changing political and economic climates have necessitated the need for new
cooperators and collaborators. As an example, recently passed legislation has
given greater responsibility to Indian tribal governments for management and
inventory of their lands. As a result, these tribal governments will need to become
cooperators in NCSS. Other potential new cooperators include: US Dept. of
Defense, US Dept. of Energy, Army Corps of Engineers, state GIS agencies, state
heritage programs, state and local health departments, conservations
organizations, and private consulting soil scientists. Furihermore, an ecosystem-
based approach to soil survey will require greater input from cooperator
specialists that have not traditionally been involved with NCSS.
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COMMITTEE 81X - ALTERNATIVES TO TRMITIONAL SOIL
INTERPRETATIONS

Committee Chair: Arlene Tugel, SCS, WNTC, Portland, OR

Charges:

1. Identify new methods to make interpretations.

2. Initiate development of a new method.

Committee Report
June 14, 1994

Coeur d*Alene, ID

The committee had a teleconference on March 14, 1993 to
brainstorm ideas for charge no. 1, "Identify new methods to
make soil survey interpretations." Minutes of the
teleconference are attached. Committee members voted by
mail to rank the proposed new methods. See below for a
ranked list of suggested new methods with their item number
and a brief description.

yc&

12/5

B/3

S/3

S/2

7/3

6/3

New Ways to Make Interpretations

Item
DeSCriDtiOn

6.

2.

5.

1.

7.

15.

Make interpretations on interrelationships
between the landscape and soil.

Interpretations that rate suitability with
alternative measures applied.

Identify and define soil behavior processes
(such as nutrient cycling, shrink-swell,
water transmission) and present alternatives
to display the information (narrative, digital
illustrations).

Interpretations that emphasize positive
qualities of soil.

Affect of use dependent processes on soil
properties.

Start with a specific use. Then list the soil
properties or characteristics that are needed
to achieve optimal use. Bump those properties
up against the existing database to find best



6/3

6/2

512

4/l

2/l

2/l

l/l

l/l

0

9.

13.

4.

3.

8.

10.

11.

12.

14.

area for that use.

Develop criteria and standards to assess soil
and watershed conditions.

Use soil potential to give relative values to
different types of land uses.

Identify probability of 1'x'1 behavior based on
spatial distribution of component or property.
This is important where component property
range overlaps the property use requirement.

Display interpretations as relative values of
capabilities.

Define minimum amount of cover on rangeland to
protect the soil.

Prepare guidelines to develop interpretations
for miscellaneous land types, higher taxonomic
units and geologic units.

Identify positive long term use of landscapes.

Identify suitability of geographically
associated soils and landscapes.

Other - add as you are inspired.

Expanded descriptions of eight of the ideas were prepared
prior to the Coeur d'Alene meetings and presented to the
committee on Tuesday, June 14, 1994. These descriptions are
attached (idea 12, 5, 6, 7, 9, 10, 13, 15).

At the Coeur d'Alene meeting, we had a discussion of the
committee charges. The committee name, "New Ways of Making
Soil Survey Interpretations,18  was changed to "Alternatives
to Traditional Soil Interpretations.lq We clarified our
charge to mean, ltH~~ else can we convey information about
soil behavior?"

After presentations and discussions of the eight ideas, we
grouped the alternatives into three categories:

Monitoring and assessment

9. Soil health/proper functions condition.
7. Affect of use dependent properties.

Making interpretations

7. Affect of use dependent properties.
2. Suitability with alternative measures applied.

Displaying information
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15. Pick use query database for listing of optimal
sites.

13. Use soil potentials to give relative values to
different types of land use.

10. Miscellaneous land types.
5. Identify soil behavior processes.

We then discussed methods to implement the ideas. It was
suggested that items 2, 5, 7, 13 and 15 would be pilot
projects on on-going soil surveys. Number 7 could be
implemented by gathering data on use dependent properties.
Work groups consisting of various disciplines and agencies
including NCSS would be the best approaches to initiate
ideas 5 and 7. A literature search is needed for numbers 2
and 7. Idea 10, Soil Survey Enhancement - Interpretations
for Miscellaneous Land Types could be carried out today with
some minor expansion of existing procedures for the Soil
Interpretations Record.

The committee identified three ideas/alternatives that would
provide the greatest benefit for the least input. These
were #15 Pick a Use, Query the Database; k10,
Interpretations for Miscellaneous Land Types; and tr5,
Identify Soil Behavior Processes (Pedologic).

Recommendations

Recommendation 1:

The eight alternatives to traditional soil interpretations
should be integrated into soil survey activities. (Current
national level activities on soil health and use dependent
properties should be continued.)

Recommendations 2:

115 Pick use, query database: Beg
pilot project on a new soil survey

15 as a,in development of #
project.

Recommendation 3:

t10 Interpretations for miscellaneous land types: Implement
110 immediately using existing SIR procedures as modified to
meet the needs for miscellaneous land types.

Recommendation 4:

15 Identify soil behavior processes (pedologic): Establish
a development committee of NCSS cooperators, modelers, other
discipline specialists and universities to begin work on X5.
Set up a pilot project to identify and display pedologic
process information in a new soil survey.
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Western/Midwestern Regional Cooperative Soil Survey
Conference

Minutes of Committee Six Teleconference
March 14, 1994

New Ways of Making Soil Survey Interpretations

Charges: 1. Identify new methods to make interpretations.

2. Initiate development of a new method.

Participants:
*Wayne Backman, Assist State Soil Scientist, South Dakota
*Ken Vogt, Assist State Soil Scientist, Missouri
*Jon Gerken, Acting State Soil Scientist, Ohio
*Jim Carley, State Soil Scientist, Washington
*Cam Loerch, Soil Scientist, QAS, Lincoln, Nebraska
*Carol Franks, Soil Scientist, QAS, Lincoln, Nebraska
Bill Broderson, Soil Scientist, QAS, Lincoln, Nebraska
*Chris Smith, State Soil Scientist, Hawaii
Bill Volk, BLM, Billings, Montana
Carl Wacker, Assist State Soil Scientist, Wisconsin
Don Last, College of
*Dick Page, ELM, Salt
*Arlene Tugel, Chair,

* - will attend Coeur

Nat. Res., Univ. Of~Wisconsin
Lake City, Utah
Committee Six, WNTC, Portland, Oregon

d'Alene Conference

We reviewed the background material on current examples of
soil interpretations. General discussion on charge 1
followed.

Can Loerch asked if we know what our customers need in
regards to interpretations. Arlene said that the book "Soil
and Water Quality: An Agenda for Agriculture," National
Research Council, 1993 stated 4 objectives. She recommended
we should ask if current interpretations meet these
objectives. The 4 objectives are:

- conserve and enhance soil quality as a fundamental first
step to environmental improvement;

- increase nutrient, pesticide, and irrigation use
efficiencies in farming systems;

- increase the resistance of farming systems to erosion and
runoff: and

- make greater use of field and landscape buffer zones.

Discussion: 3"L/



Bill Volk, BLM, indicated that for rangeland, there is a
need to define the minimum amount of cover to protect the
soil. Each seral stage of the plant community could have
different amount of cover. Organic carbon content of the
surface layer lags behind changes in plant cover,
particularly with changes in land use.

Chris Smith discussed soil qualities. We will need to ask
what is: (1) a soils maximum potential? and (2) to what
level can we allow a property degrade, (3) what is our
target of use? There is considerable work in the tropics on
properties in systems changing from forest to cultivation
(porosity, root proliferation, organic carbon, nutrient
status). We will need a protocol to measure and monitor
quality: we already have the techniques of measurements.

Bill Broderson suggested that we become aware of other
efforts that are ongoing. There is a Soil Quality Committee
(SCS-ARS-University-EPA) to establish protocols for
addressing soil quality. Committee Chair is Gary Muckel,
SCS, Lincoln.

Bill Volk described a current BLM activity that requires the
use of criteria and standards to assess soil and watershed
conditions. It includes riparian areas and upland areas.
Real life challenges are short time frame to define and
apply criteria and the many categories of land ownership.

Carol Franks stated that the Soil Quality Committee
discussed watersheds and has a list of potential indicators.

Another on-going activity is the use of Fuzzy logic to
assist in presenting interpretations.

Dick Page recommended that we prepare guidelines for
developing interpretations for miscellaneous land types,
higher taxonomic units and geologic materials. He is
working on this with Ferris Allgood, State Soil Scientist,
SCS, Utah.

fill Volk suggested we identify positive long term use of
landscapes. Different components of the landscape have
different highest and best uses that are not necessarily in
line with the limitations of the soil. This will minimize
the problem of avoiding severe rated hillside positions as
building sites and ending up building on farmland.

Chris Smith asked where would this information be presented?
in the map unit description? We should identify the
suitability of geographically associated soils.
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Soil potentials were discussed. They are an existing
method. Unless changes to the method are needed, reviewing
potential is probably not within the scope of our charges.

Jon Gerkin recommended we consider the use of soil
potentials to give relative values to different types of
land uses.

Chris Smith stated that the land capability classification
system doesn't work well for specialty crops.

Chris Smith suggested that we compile possible products that
can be generated with our data. This could be handled under
the advertising and marketing by another group.

Charge 1. Identify new ways to make interpretations. We
had a review discussion of items 1 thru 7 from the 2-17-94
list.

No. 1 Bill Broderson explained he developed a proposal
about 7 years ago that focused on positive qualities of soil
called "smart systems."

No. 2 Discussion ?

N o .  3 Discussion ?

NO. 7 Discussion ?

The next step

Bill Volk suggested indicators for soil quality should be
simple to observe - example platy structure changed to
granular structure.

Chris Smith said that the quality of organic matter needs to
be a part of soil quality standards, not all organic matter
sources have the same quality.

No. 4 Chris Smith explained that we should rate all
components, including inclusions and identify percent of map
unit with a certain rating or behavior.

No. 5 Arlene explained that identifying and defining soil
processes is a prerequisite to developing soil quality
standards. An understanding of processes, such as water
movement, nutrient cycling, organic matter
accumulation/oxidation is fundamental to making predications
about soil behavior. ? suggested that a package of
tutorials on soil processes should be developed. Organic
matter would be a good example.

NO. 6 Carol Franks stated an example of interrelationships
between landscape and soil is runoff and runon.



The committee agreed on the following process to fulfill our
charges.

1. Brainstorm list for Charge 1 will be sent to committee
for review. We will use the TQM voting process thru the
mail to select the highest priority items from the list.

2. Committee members will prepare 1 page summaries of the
high priority items selected by vote to present as part of
the report in Coeur d'Alene. Write-ups will include
Definition, Description, Application and Methods of Display.

3. Committee will select at least one item to address for
Charge 2. A draft write-up for Charge 2 will be sent to
members prior to June meeting.

4. Charge 2 will be further developed at June meeting.

Follow-up

1. Distribute minutes of Soil Quality Committee to members
- Tugel.

2. Send Fuzzy logic overview to committee - Broderson.

3. Send BLM information on criteria and standards to assess
watersheds to members - Volk.

4. Send information on Smart System to members - Broderson.

DUE DATE: APRIL 25, 1994

Action: Review and mark priority 1, 2, 3, and 4. Send vote
to Arlene Tugel by April 25.

Charge 1. Identify new ways to make interpretations
(Second Draft) 3/14/94

1. Interpretations that emphasize positive qualities of
soil.

2. Interpretations that rate suitability with alternative
measures applied.

3. Display Interpretations as relative capabilities.

4. Identify probability of x'1 I* behavior based on spatial
distribution of component or property. This is important
where component property range overlaps the property use
requirement.

3’67
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5. Identify and define soil processes and present
alternatives to display the information (narrative, digital
illustrations).

6. Make interpretations on interrelationships between the
landscape and soil.

7. Affect of use dependent processes on soil properties.

8. Define minimum amount of cover on rangeland to protect
the soil

9. Develop criteria and standards to assess soil and
watershed conditions.

10. Prepare guidelines to develop interpretations for
miscellaneous land types, higher taxonomic units and
geologic units.

11. Identify positive long term use of landscapes.

12. Identify suitability of geographically associated soils
and landscapes.

13. Use soil potential to give relative values to different
types of land uses.

14. Other - add as you are inspired.

Return to: Arlene Tugel BY: APRIL 25
West National Technical Center
511 N.W. Broadway, Rm. 248
Portland, OR 97209-3489

FAX: (503) 326-6308 or 5578
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INTERFRETATION METHODS (A DRAFT)

Suggerted  Mea: No. 2. Interpretations that rate suitability wlth alternative
measures applied.

Name of method:

Description:

Soil Suitability with Atternatlve Ratings for Crop Reduction

Current soil limitstion and suitability procedures oenerallv  em-
phsaize retina  Soils for enpincering  Interpretation. There IS Sk0
a need to rate soils for the production of specific Crops.  This
method, therefore, is associated more with crop Production and
includes suitability retinas before and after eppropriate manage-
ment inputs.

This method duplicates the UNESCO FAO land evaluation
procedure where the so-called land use svm iLUS1 ib made
up of II) the lend utilization m (LUTI  and (2) the m
(LU). Depending on the intensity of the soil survey, the LUT
can be brief or detailed, the lsner  describing the levels of inDut,
etc. for a specified use. The LU, on the other hand, lists the
appropriate interacting soil characteristics of a land in question.

In brief, the LUT describes the crop requirements with different
levels of management input, while the LU is associated with the
appropriate soil properties end behavior. The LUS, therefore, is
the matching of the land (soil) use requirements with the land
(soil) characteristics.

Application: Soil suitability ratings can be more meaningful if the ratings can
be associated with the desired performance of, for example, 6
crop rather than only the status of the soil with its restrictive
properties. That is, the ratings could  reflect the correction of
the managesbfe  rstrictive properties with appropriate input.

For example, the Leilahua soil series in Hawaii (Ustic Kanhaplo-
humults, clayey, oxidic, isohyperthermicl,  according to the teble
of suitebility ratings is poor for the production of corn.

We could specify that we would like to produce corn in the
Leilehua soil wtth supplemental irrigetion, with the 6oil6  limed to
pH 6.0 and phosphorus fertilizer epplied et the rate of 600 P
pounds/acre, and with appropriate levels of the other nutrients.

The table of rstings could show not only the dominant mlneralo-
gy (e.g., oxldic. kaoiinlticl  with tts rstings but al60 the input of
phosphorus fertilizar with its ratings et different level6 of appli-

3+



cation. Depending on the different levels of lime and the phos-
phorus fertilizer, we could change the suitability rating of the
Leilehua soil from poor to fair or good, depending on the man-
cgomont input.

Method of display: Use of GIS.

Other Information: The proposed method Is not like the soil potential approach be-
ceuz)e  a numerical rating of a group of soils is not used. Instead
the mothod can be used to rate soils from dlfferenr  locations for
o specified crop.

Further Work: Unknown

Submitted by: H. lkawa (University of Hawaii), 06/‘08!94
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Suggested idea:

Name of method:

Description:

Application:

:-

New Interpretation Methods

No. 5. Identify and define soil behavior
processes (such as nutrient cycling,
shrink-swell, water transmission) and
present alternatives to display information
(narrative,  digital  i l lustrations. )

Soil Behavior Processes

This method of interpreting soil behavior
relies on the identification and
characterization of pedoloqic processes
that occur in a soil and that contribute to
the daily or yearly functioning of the
ecosystem (natural or aqroecosysteme).

Pedoloqic processes characterize soil
behavior, not soil genesis. Performance
of pedoloqic processes is effected by
physical, chemical and biological
properties of the soil. Pedoloqic
processes can result in temporal variations
in measured soil property values. Temporal
variability may occur at any time frequency
(diurnal, seasonal, etc.) Temporal
variability can occur in response to use
and management, successional statue,
climate and weather.

Examples of pedoloqic processes are
nutrient cycling, water movement through
soils, freezing and thawing).

An understanding of pedoloqic processes
would add quality to all soil management
decisions. Pedoloqic processes information _
could be applied at any scale (field,
watershed, ecosystem). A description of
the performance of pedoloqic processes of a
given soil would be used in decision m a k i n g
for  many act iv i t ies . Examples
include: designing management plane to
improve soil health or condition:
supporting ecosystem based planning,
selecting suitable manaqement
practices, or scheduling time of operation
(such as logging, irrigation).



-2-

nethods  of Display: Needs further brainstorming.

Other information: None

Further committee
work needed: Identify and define pedologic

processes.

Submitted by: A r l e n e  J. Tugel, 5/19/94
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Soil Survey of Aquila-Carefree Arka, Parts of Maricopa and
Pinal Counties, Arizona
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DEVELOPING NEW WAYS TO DISPLAY INTERPRETATIONS

Suggested idea: NO. 6 Make interpretations between the
landscape and soil.

Name of method: Displaying Landfonn/Landscape Soil
Relationships

Description: Additional information about landform and
landscape soil relationships is needed by
soil survey user. This information is
needed to meet the requirements of FSA,
HEL, CRP, NEPA, Clean Water Act and others.
Clearer presentation of our existing
knowledge and better understanding of these
relationships (and hence the 'local
landscape model') will begin to meet the
above needs. Developing new ways to
present this information will help us
identify wetlands and riparian areas and
develop leaching indices. In addition it
will help us determine the impact of
applied conservation practices or changes
in land use.

The following questions should be
considered when developing additional
information and new display systems:

1. Which soils are associated with
which landforms and landscapes?

2. What is the relationship between the
soils on the landscape/landform?

3. How do these relationships affect:

water movement across the soil
surface and within the soil
profile?

erosion and deposition?
groundwater movement and leaching?
soil genesis and soil survey?

APP~ icat.ion: Traditionally soil surveys have presented
much of the landscape/landform information
as narrative in mapping units and taxonomic
units. Some soil surveys also present
some information about soil series as block
diagrams and topographic sequences. Block
diagrams and topographic sequences could be
modified to present map unit, component or
general soil unit information rather than
just series relationships. Computer
graphics, GIS or image processing or

z%B-s,;p



landscape pictures could update these
traditional presentations of soils
information.

Methods of display: Block diagrams or topographic
sequences could be developed for
general soil units. They could be
developed of the major landforms where the
units occur, showing the landscape
positions they include.
The named components (or their symbols)
could be displayed on the diagrams rather
than just the soil series names as we have
done traditionally.

Diagrams could be developed for soil
surveys at any level of detail. Order 2
consociations could have 2 or 3 of the
associated map units displayed on one
landform diagram or the potential location
of inclusions. The components of complexes
and associations could be displayed
similarly.

Toposeguences  with the parent material
identified could be developed for each
major drainage within the soil survey. The
location of each block diagram along the
toposeguence could be identified leading to
better understanding of the
landfonn/landscape  relationships of the
entire survey.

Color or black and white pictures of the
landforms/landscapes  of a survey area could
be used to display the typical location of
the map units or components. Image
processing makes it possible to delineate
the landforms and landscapes on a picture
of a typical area and show the direction
of water movement.

Dr. Richardson of Montana State University
has also developed a series of diagrams
showing landscape hydrology. He indicates
the direction of water movement within the
soil and the vadose zone. He shows where
wetlands tend to develop based on lateral
movement, where salts will tend to
accumulate and what types of soils will
tend to develop in groundwater recharge and
discharge zones. These types of diagrams
also have potential to display additional
soil information more clearly. These
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diagrams could be used to display map
units, components, inclusions, etc. They
could also be developed on landscape
pictures using image processing.

Submitted by: Carol Franks



NEW INTERPRETATION METHOD

Submitted by: Christopher W. Smith 6/6/94
(808) 541-2605
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Suggested idea:
No. 7 Affect of use dependent processes on soil properties.

Name of Method:
Use dependent soil properties.

Description:
Soil properties that are altered with use vary as a function of initial soil
conditions, use, management, and other environmental factors. The uses
encompassed here include agriculture, forestry, and grazing land or those
that make use of the natural soil and not those that drastically disturb the
soil such as in many construction activities. Major changes can occur in
organic matter content, structure, bulk density, pore size distribution and
continuity, acidity or alkalinity/sodicity,  surface crusting, fertility level,
cycling and balance, CEC or buffer capacity, soil organism populations and
heterogeneity, temperature and moisture retention, and
transmission/characteristics. Many of these changes, while changing from
an uncultuvated  state, change within a crop cycle as well.

Application:
Users need to know how properties vary between and within uses to
facilitate planning and modeling efforts. As examples: fertility tests report
nutrient contents on a mass basis while fertilizers are applied into a volume
of soil. Bulk density for a pasture is different than under cultivation for the
same soil. Bulk density is different at the beginning of a planting than at
harvest. Hydrologic modeling is affected by changing infiltration rates
through the season. Pesticides are sorbed and degraded at different rates
as a function of organic matter content say in forest understory competition
eradication vs. in a cornfield. Nutrient retention and leaching rates would be
less for a soil higher in organic matter at higher pH values vs. the same soil
acidified by fertilizer applications with lowered organic matter contents due
to cultivation.

Methods of Display:
By soil phase within NASIS  by use and management typical for that soil by
temporal sorting such as “newly cultivated, mature cropped fields”, early,
mid and late season or whatever is appropriate. Programming algorthms
would be better in that and date could be input for refined output. This
type of approached is being used in RUSLE for parameters like the C factor.

Other information:
Considerable literature exists on the topic.

Further Committee Work Needed:
Collating data after assistants perform literature search. Suggest further
research for Universities, soil tilth lab, ARS, etc.



NEW INTERPRETATION

Suggested idea:

Name of Method:

Description:

Application:

METHODS

No. 9 Develop criteria and standards to
assess soil and watershed conditions.

Soil Health/Proper Functioning Condition

Field evaluation of soil health relies on
the identification and characterization of
pedologic properties which control or
contribute to the daily functioning of a
natural ecosystem.

Soil physical and/or chemical properties
strongly influence, and in many instances
control, the biological functions of a
s o i l . Variability within and by the many
soil types occurs in response to use,
management, plant community or seral stage
and climate.

An example of soil properties vital to
biological functions is: vesicular
crusts versus granular structure of a soil
surface horizon.

Identification and evaluation of minimum
soil attributes to address its current
health status and aid in the development
of soil management strategies and
decisions. When combined with vegetative
and hydrologic attributes an assessment of
watershed health could be determined.

Methods of Display: After evaluation soils would be placed
into one of three groups: A) Proper
functioning condition, B) Functioning at
Risk, and C) Not functioning.

Other information: Soil attributes are to be selected for
use on soils and landscapes that are under
native plant species (non-natives
included). Attributes should relate to a
tiered system. A two or three tiered
system would allow for attribute
assessments to be done at different
intensities for uses varying from site
specific to a watershed or Major Land
Resource Area (Ecological area).

Further committee
work needs: Assistance in selecting soil attributes and

the methods (point or plot) used for field
evaluations varying from specific to broad
in scope.

submitted by: William P. Volk
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SOIL SURVEY ENHANCEMENT

INTERPRETATIONS FOR MISCELLANEOUS LAND TYPES

$%l-idea: No. 10 Prepare guidelines to develop
interpretations for miscellaneous land types, higher
taxonomic units and geologic units.

It is proposed that suitable soil interpretations for
badland, rock outcrop, rubbleland, and similar type mapping
units be developed for BLM multiple use management programs.
These types of mapping units have soil limitations that
generally preclude their use for commercial crop production,
etc. They, however, have important watershed, wildlife, and
scenic resource values. Physical, chemical, vegetative, and
other management data have not been developed for these
mapping units. The management problem is further compounded
because of the acreage involved, i.e., lots of rangeland
without adequate soil interpretative data. Management
interpretations are needed for these mapping units.

Name of Method: Development of geologic/sol form 5 for
these landscape/mapping units including associated
vegetative conditions suitable for ecological site
identification at a total mapping unit level. Example of a
geologic 5 is attached.

DescriDtion: ELM particularly needs management
interpretations on these mapping units for:

- Watershed analysis as it relates to water quality and
reclamation potential to meet salinity control goals for the
Colorado River.

- Resiliency rating on these particular and other
mapping units is needed for various BIM management actions.

- Associated vegetative conditions suitable for
ecological site determination is needed. Many of these
areas have limited vegetative production capability even
though they support the potential natural community for the
area.

In summary, work here means identifying existing
soil/vegetative attributes for the mapping unit.

Apolication:

- Salinity ratings in excess of 16 mmhos/cm is needed.
Plant growth is occurring above 16 mmhos/cm ratings.
Significant categories need to be developed. Off-site
salinity contributions are important.

- Reaction of geologic materials (pH) is needed and we
expect to use guides similar to those for soils.



- Potential wind and water erosion hazard ratings are also
needed. Updating for acceptable “T” values on shallow and very
shallow soils should accompany this effort. Any soil loss on these
kinds of mapping units is extremely detrimental to the productive
capacity of the soil.

- Soi l  resi l ience determinations are needed as this  soi l
property is affected by BLM management actions. Particular
attention is  needed for  identi f ication of a s s o c i a t e d  g e o l o g i c
formation and its condition.

- Runoff characterization/hydrologic groupingdeterminationis
needed for watershed management planning and various project
design.

-Ecological s i t e interpretations suitable f o r  ecosystem
management is needed.

In summary, greater understanding is needed on the interaction o f
the landscape/soil/parent (geologic) material and the planned uses.

Methods of Display: Similar to soil interpretations with geologic
supplements

Cther information: Further research is needed to develop physical,
chemical, and associated plant relationships.

Further committee ELM would appreciate committee recommendation
work needed: that  SCS/BLM  soil s cientists complete an

interagency agreement covering this action in
FY95.

Submitted by Dick Page
BLM Utah State Office
6/10/94
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NEW WAYS TO MAKE INTERPRETATIONS

Suggested item: No. 13 Use soil potential to give relative
values to different types of land values.

Name of method: Relative soil potential.

Description: This method of developing soil
interpretations uses the standard concepts
used in developing soil potentials for a
specific land use and compares the results
for one land use with the results for other
land uses. This method could be used to
determine the best use of land within a
given area.

Soil potentials are used to provide more
definitive information regarding an areas
potential for a given land use than those
provided through the soil interpretations
record. However, soil potentials and soil
interpretations records share a common
characteristic, they both show relatively
good ratings for one group of soils for
most land uses and relatively poor ratings
for another group of soils for most land
uses with no way of relating the
information to allow the determination of
the best use of a given area.

Application: Developing soil potentials for common land
uses in an area can provide useful
information about the potential of a given
area for a given land use. However, soil
potentials could also be used to assist in
providing comprehensive land use plans.
This could be done by comparing the
potential for one land use with potentials
for other land uses to develop a relative
soil potential for each spot within a given
area. This type of system could allow
an area that has severe limitations for
both cropland and homesites and medium
potential for both cropland and homesites
to have a "highest potential*@  for homesites
because the cost of implementing this land
use and the cost of dealing with continuing
limitations may be lowest for that proposed
land use.

Methods of display: Hard copy maps/text, GIS.

Other information: None

Further Work: Method of calculating relative values.

Submitted by: Jon Gerken
z9+-6
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loi1 lurvey Confrrancr Committom 61
Bsv Ways of lhklng roil ourroy Intsrprotations

in outcome of the group dimussion resulted in the breakdown
of what VI understood of the charge. xn 1i.u of “Nbv way6
of making soil survey interprotstioncm ve decided on the
following title and subject divisions.

Alternatives to TrAd~tiOnel Soil Interpretations
1. Monitoring and Assesslaent
1. Haking Interpretationm
3. Dieplaying Information

;ph&p:oposed  action I am presenting here is involved vlth
- Displaying Infonmtio,n  but also involves item 2.

In a teleconference l easlon prior to the conference an
emphasis on supporting thr poeltive qualitien of soils vas
brought out. With that in mind I proposed an epproach to
displaying interpretntionr for uses of ooilc based on soil
properties that does not rely on the negative interpretation
such as a severe rating.

Nggtnttd L4.a: NO. 15. 8eloct s specifio use, d&ormine
the soil properties affecting the use, then query the
dstabame for a lieting of optimal rites based on appropriate
soil properties and characteristics.

YUI Of W~thoar Selection of optimal site for intended use
based on soil proparties  and characteristics  utilizing the
NM.16 Interpretations Generator Module (IGH).

Dsroriptionc Thim method is basically the reverse of the
current method used to display 600 interpretationm  in soil
8urvey roports. Instead of having the mite picked out and
then look up the suitability for a given use this method
allOWS a manager/urcr  to 6tart vith a 6pccific us6 snd then
find the optimal soil typo location for ruch use.

currently under development in HASIS is the Interpretations
Generator Hodulo (IGM). The IGI4 uses roil intmrpretive
criteria to construct and l xeoute a qua-y  of the soi).
component proportiso database (MUIR), then reports the
reeulting interpretations. That is to say the 1~1-4 starts
vith a we, datemines the criteria, looks at the roll
properties, and liBt6 soil6 meeting selected criteria.

The IGM oonsist.6 of two mdule6; Interpretation Criteria
module, Jnterpratation Generator Wodule. A user selects
criteria for II specific use vith the Interpretation Criteria
Mcdul6 then invoke6 tha Interpretation Generator Module that
joins the criteria vith the soil component properties data
(KUIR) to generate a rating.

+ss 537



Application: This method not only focuses on tha positive
aspects of the aoil but is designed to be flaxibla to the
managar/uaar.

I
maP

roposa to select a soil survey that ia l ithax in the
ntananca mods as part of a HLRA Update, or a survey that

18 ongoing. Posaibla survey arms include the update of tha
Island of Hawaii or a rurvry on Forest Sarvica landa such as
the Wat Uountains/Spaniah Peaks survey area in Colorado.
Choosing a Purvay on the Forest presents ua in SCS with an
opportunity to promote the soils database and illustrate
ways to utilize the information.

Yatbodr of Displrp~  Reports that limt and rank roils from
molt optimal for tha usa to laart optinal. Alao, linkaga
with spatial data through a GIS oould provide a apicturaa of
the optimally suited areas.

F u r t h e r  work areaear Specific study site determined.
Availability of the Interpretations Generator Module la not
l xpactad until February or March of 1995. Actual use of the
IGH will have to wait until such time aa its available for
tecting.

Submittad  898 Cameron Loerch a/29/95
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South Dakota asked if there was an interest in a Sunday
meeting. It was decided to send out a questionnaire to see
about interest,

The ASA meeting is set for November 12-19, 1594 in Seattle.
A steering committee meeting during the NCSS meting is set
for San Diego in June or July 1995. Steve Shetron motioned
the meeting be adjourned and it was seconded by Wayne
Bachman, South Dakota. The meeting was adjourned.



Midwest Region Business Meeting
June 17, 1994

Meeting was called to order by Nathan McCaleb, Chairman.

About 40 members from the Midwest attended this years joint
conference. South Dakota was nominated by Steve Shetron,
Michigan and Jon Gierken, Ohio seconded the motion to host
the 1996 Midwest National Cooperative Soil Survey conference.
The rotation set up has the Missouri Experiment Station
listed to host the 1998 conference.

Old Business:

Taxonomy Committee: There should be 3 NCR and 3 SCS members
on the taxonomy committee. At the present time only one of
the three SCS members are known. Two years ago in St. Paul,
it was decided that the national leader for taxonomy would
receive any regional suggested changes or additions to soil
taxonomy instead of going to the Midwest National Technical
Center lead soil scientist. Because of reorganization, it
was motioned by Bob Ahrens that Soil Taxonomy suggestions or
additions go directly to him at the National Soil Survey
Center and then he would distribute to the members of the
regional committees. This was agreed upon by the attending
representatives. Also, it was suggested that members of the
committee would be selected by alphabetical order or on a
regional approach. Nathan will review both methods for
selecting the SCS members and let them.

Committee reports for the joint meeting were accepted during
the general session.

New Business:

Next steering committee will be set up in the near future.
At this time it includes Nathan McCaleb, Ken Olson, and
Jerome Schaar.

Nathan McCaleb left a few charges that members of the Midwest
NCSS need to let there ideas be known to the steering
committee prior to final arrangements for the 1996 South
Dakota meeting. They were: consider current format, length
of meeting, has it been efficient, is there a better format,
and can there be a better electronic transfer of information.

Ken Olson summarized 50 questionnaires from the St. Paul
Meeting that discussed some of the items Nathan wanted each
member to review. One of the answers was that the committee
work needed to be expanded. Another was that there needed to
be an accountability from the MNTC and NSSC staffs for the
charges.

-5gis!&33Q
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The present membership of the West Regional Taxonomy Committee is
as follows:

Permanent Chair: Robert Ahrens
Permanent Member: Dennis Heil
State Representatives: Randy Southard

Chein Lu Ping
Dave Hendricks*

Federal Representatives: John Nesser*
Terry Aho

* New Members

Site for 1996 Conference:
____________________-_--

Two states, Colorado and Montana, volunteered to host the 1996
Regional Conference. Due to the fact that too few voting members
remained, the membership will vote on the site through mail vote.
The two states will submit proposals to Dennis Heil to be
circulated for voting.

There being no-further business, a motion was made by Neil
Peterson, seconded by Chad McGrath, to adjourn. Motion carried.



WEST REGIONAL COOPERATIVE SOIL SURVEY CONFERENCE
BUSINESS MEETING

JUNE 17, 1994

The Conference Business meeting was held on completion of the
conference committee reports. The meeting was called to order by
Dennis Heil, Chairman, at 1O:OO am on Friday June 17, 1994. The
minutes are as follows.

Conference Committees:
____________________--
Motion was made by Neil Smeck to accept the Committee 1 report on
'The Role of the NCSS in Site Specific Soil Survey' as presented
by Del Mokma. Seconded by Eddie Garner. Motion carried.

Motion was made by Del Mokma to accept the Committee 2 report on
'Drastically Altered Soils' as presented by Sam Indorante.
Seconded by Ken Olsen. Motion carried.

Motion was made by Bill Ypsilantis to accept the Committee 3
report on 'Ecosystem Based Soil Surveys for Resource Planning' as
presented by Bob Meurisse. Seconded by Dave Maurer. Motion
carried.

Motion was made by Nathan McCaleb to accept the Committee 4
report on 'Distribution and Access to Soil Survey Data' as
presented by Scott Davis. Seconded by Tommie Parham. Motion
carried.

Motion was made by Karl Hipple to accept Committee 5 report on
'Redefining the Cooperative Role in the NCSS' as presented by
Paul McDaniel. Seconded by Eddie Garner. Motion carried.

Motion was made by Bill Dollarhide to accept Committee 6 report
on 'Alternatives to Traditional Soil Interpretations' as
presented by Arlene Tugel. Seconded by Duane Lammers. Motion
carried.

Regional Taxonomy Committee:
____________________~~~~~~~~

The membership of the West Regional Taxonomy Committee has been _
changed. This change, approved by a membership mail vote in late
1993, is to facilitate the processing of proposed amendments to
taxonomy. The member ship of the committee will be as follows:

Permanent Chair: Lead Soil Scientist, Soil Taxonomy, SCS
Permanent Member: Regional Soil Scientist, WNTC, SCS
Three federal representatives
Three state representatives

The conference by-laws will be amended to reflect this change.
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Western Regional Cooperative Soil Survey Conference

Sponsored by
Arizona Chapter, Soil and Water Conservation Society

Northern Arizona University
Flagstaff, Arizona

June 22 to June 26, 1992

Sunday, June 21

2330 - 530 Registration
Havasupai  Room - University Union Building

Monday, June 22

9:oo - 12:oo

1:oo - 1:15

I:15 - I:30

1:30 - I:45

1:45 - 2:oo

2:oO - 2:15

2:15 - 230

230 - 2:45

2:45 - 3:00

3:oo - 3:15

3:15 - 3:45

Registration
Havasupai  Room - Ufliversify  Union Building

Opening remarks
- Wayne Robbie, Conference Chairman. Forest Service, Albuquerque, NM
- Gary Wendt. President-Elect, Arizona Chapter, Soil and Water Conservation Society

Welcome by Soil Conservation Service
- Donald Gohmert.  State Conservationist, Phoenix, AZ

Welcome by Forest Service
- Doug Shaw. Acting Director, Watershed and Air Management, Albuquerque, NM

Welcome by University of Arizona
- Dr. Ian L Pepper, Department of Soil and Water Sciences, Tucson, AZ

Welcome by Bureau of Land Management
- John Stephenson, Branch Chief, Biological Resources, State Office, Phoenk,  AZ

Agency Reports

Soil Conservation Service
- Bill Roth, SCS, National Headquaters.  Washington, DC

Forest Service
- Wayne Robbie. Forest Service, Albuquerque, NM

Bureau of Land Management
- Colin Voight, Bureau of Land Management, Washington, DC

Western Region Agricultural Experimental Stations
- Dr. Lanny Lund, Universfty  of California, Riverside, CA

Break



3:45 - 5:oo Agency Meetings

USDA Soil Conservation Service
Havasupai Room A

USDA Forest Service
Sycamore Room

USDI Bureau of Land Management
Havasupai Room 6

Western Region Agricukural Experimental Stations
Uavasupai  Room C

&30 - 8:OO Conference Reception
Atrium Room - University  Union Building

Tuesday, June 23

800 - 8:30 World Soil Resources: Current and Future Activities
- Paul Reich, SCS, National Headquarters, Washington,DC

8~30 - 9:00 Public Participation Process Considerations
- A. Keith Miller, Bureau of Land Management, Phoenix AZ

990 - 9:30 What We Need to Know About Soil Water Relationships
- Dr. Otto Baumer,  National Soil Survey Center, Lincoln, NB

9:30 - lo:00 Break

IO:00 - 1290 Commit tee  Meet ings

12:oo - 1:00

Idenllflcatlon  and Understandlna of User Requiremenls
Sesston  Moderator: Hayes Dye, SCS, Anchorage, AK

Identification and Undemanding d User Requirements
Havasupai Roam A

Information Management oi Soil Data
Havasupai Room B

Conducting Soil Surveys to Meet Management Needs of Wetlands and Riparian Areas
Havasupai Room C

Use of Soil Surveys for Environmental Issues and Concerns
Sycamore Room

Lunch



l:oo - 130

1:30 - 2:oo

2:00 - 2:30

2:30 - 3:00

300 - 330

3:30 - 4:oo

4:oo - 4:30

4:30

800 - 9:30

InformatIon  Managemen\  01 Soils Dala
Session  Moderator: Russ  Krapf, BLM, Phoenix, A2

The Development of an Integrated Natural Resource Planning
Environment
- Dave Anderson, SCS, Fort Collins, CO

State Soil Geographic Data Base
- Dennis Lytle. SCS. National Soil Survey Center, Lincoln, NE

Remote Sensing In Soil Science
- Dr. William Krausmann. Forest Service, Albuquerque. NM

Break

Overview of the National Cartographic and Geographic Information
System Services Center
- Hugh Allcon.  SCS, Forl  WoRh,  TX

Recent Advances in Soil Taxonomy
- Roben Ahrens.  SCS. National Soil Survey Center. Lincoln, NB

Field Trip Orientation
- Dr. David Hendricks, University of Arizona, Tucson, AZ
- Greg Miller, Forest Service, Flagstaff, Ai!

Ad journ

Lowell Observatory Tour

Wednesday, June 24

CONFERENCE FIELD TOUR

stop #I

stop #2

stop #3

stop #4

stop #5

Busses Depart from University Union Building at 7:00 am

SUNSET CRATER NATIONAL MONUMENT - Carla Brinon. Park Ranger, USDI NPS

COCONINO NATlONAL FOREST - Francis Crater. Soil Pedon

FORT VALLEY EXPEAIMENTAL  FOREST - Forest Service Research

COCONINO NATIONAL FOREST - Fairfield Snowbowl, Soil Pedon

COCONINO NATIONAL FOREST - Kendrick  Park, Soil Pedon

3



Thursday, June 25

Conducting  Soil Surveys to Meet Manaqemenl  Needs of Wetland and Rlparian  Areas
Session  Moderator: Earl Alexander, Forest Service, Ogden, UT

a:00 - 830

8:30 - 9:00

9:oo - 9:30

9:30 - lo:oo

IO:00  - 10:30

1030 - 11:30

11:30 - l:oo

l:oo - 1:30

1:30 - 2:oo

2:oo - 230

2:30 - ZOO

3:00 - 3:30

3:30 - 500

National Wetland Inventory Program
- Warren Hagenbuck. Fish and Wildliie  Service, Albuquerque, NM

National Hydric Soils Committee
- Lawson Spivey, SCS, National Headquarters, Washington. DC

Forest Service Riparian Initiative in the Southwest
- Russ  LaFayette.  Forest Servkx,  Albuquerque, NM

Break

A Landscape Approach to Riparian and Wetland Mapping
- Mark Jensen, Forest Service. Missoula.  MT

The Future Role of Universitv  Agricultural  Experimental Station_ _
Representatives - Open Conference Oiscussion  .
- Experimental Station Representatives

Lunch

Use of Sol1 Surveys for Envlronmental Issues and Concerns
Session  Moderator: Carol Wensfein, SCS, Lakewood, CO

The Use of Ecological Unit Inventories to Implement
Standards in the lntermountaln Region
- Tom Collins, Forea Service, Ogden, CIT

Global Change
- Debby Potter, Forest Service, Albuquerque, NM

Soil Quality

Alteratlon of Soil and Hydrologic  Properties In Rangelands Treated
With Municipal Sewage Sludge
- Dr. Richard Aguilar,  Foresi Service  Research, Albuquerque, NM

Mine-Land Reclamation Issues
- Valdasue  S. Grain,  Buchanan Consultan% Farmington, NM

Break

Committee Meetings

Identification and Understanding of User Requirements
Havasupai Room A

lnfonnation  Managemem of Soil Data
Havasupai Room 13

Conducting Soil Surveys to Meet Management Needs of Wetlands and Riparian Areas
Hev6supai  Room C

Use of Soil Surveys for Environmenlal  Issues and Concerns
Sycamore Room

4



Friday, June 26

a:00 - 8:30

830 - 9:oo

9:oo - 9230

930 - lo:oo

lo:oo - 10:30

1030 - 11:oo

ll:oo - 12:oo

12:oo

Committee Reports

Soil Science Practices Act
- John Munn,  California Department of Forestry and Fire Protection, Sacramento, CA

Conducting Soil Surveys to Meet Management Needs for Wetlands and
Riparian Areas
- Mark Jensen, Forest Service, Missoula, MT

Soil Survey Information Management
- Ferris Allgood,  SC.5 Satt Lake City. LIT

Break

Identification and Understanding of User Requirements
- Arlene Tugel.  SCS. Davis, CA

The Use of Soil Surveys for Environmental Issues and Concerns
- Dr. Gene Keliy, Colorado State University, Fort Collins, CO

Conference Business Meeting
- Dennis Heil,  SCS, Portland, OR

Adjourn

x
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SOIL
AND WATER
CONSERVATION
SOCiETY

June 1992

To: Participants in the Western Regional Cooperative Soil Survey Conference

I

From: Doug Pease, President of the Arizona Chapter, SWCS

Dear Participants:

I
Welcome to Arizona. to Flagstaff, and to the Western Regional Cooperative
Soil Survey Conference. We hope that your stay in Flagstaff will be pleasant

I

and profitable. Our desire is that you return to your homes and to your jobs
with a renewed desire to see an even greater cooperation in your soil survey
efforts.

I

You may wonder why is the Soil and Water Conservation Society sponsoring
this conference. There are several reasons. First, we were asked to be the
sponsor. Secondly, the objectives of your conference is in part to complete

I

a once over soil survey of the United States and to get more conservation
on the ground. The objective of our Society is to provide a source of infor-
mation on multidisciplinary, multi-institutional emphasis on land and water

I

management issues. I believe that our basic objectives have a common thread.
I could name other reasons, but I think you can formulate several yourself.

Many of you may already be members of the Soil and Water Conservation

I

Society and also members of your local chapter. If you are not a member, I
encourage you ro stop back at the registration table to tal,k to one of our
members  and to pick up an application form. Excellence in land and water

1

management demands the multidisciplinary attention of skilled scientists,
like yourself. Your assistance is needed.

I

I have participated in several of the Western Regional Cooperative Soil
Survey Conferences in the past. I know many of you personally and would
enjoy renewing acquaitance with you. It would nice for me to be a parti-
cipant in your conference this week. Unfortunately, I have other commitments

I

in Phoenix during the week.

Enjoy your conference, have fun in Arizona and Flagstaff, and return home

I

safely with renewed vigor.

Sincerely yours,

I
I 6
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WEST REGIONAL SOIL SURVEY CONFERENCE

June 22-26, 1992
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Soil Conservation Service
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U.S. Forest Service
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Juneau, Alaska 99802
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Soil Conservation Service
P.O. Box 6567
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Soil Conservation Service
P.O. BOX 11350
Salt Lake City, Utah 84138
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Utah State University
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U.S. Forest Service
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Soil Conservation Service
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Tucson, Arizona 85705
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Dulce Agency
Albuquerque, New Mexico 87125-6567
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Las Cruces, New Mexico 88005
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Soil Conservation Service
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Phoenix, Arizona 85012
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Soil Conservation Service
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Soil Conservation Service
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Lincoln, Nebraska 68508
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Daly, Steve
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Bureau of Land Management
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Lakewood, Colorado 80215
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Soil Conservation Service
10 E. Babcock St.
Bozeman, Montana 59715

Derr, Phillip S.
Soil Conservation Service
100 East B. Street
Casper, Wyoming 82601
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Soil Conservation Service
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Fredonia, Arizona 86022

Dollarhide, William E.
Soil Conservation Service
1201 Terminal Way, Suite 219
Reno, Nevada 89505

Dowell, Rusty
Soil Conservation Service
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Clovis, New Mexico 88101
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Soil Conservation Service
949 E. 36th Ave., Suite 400
Anchorage, Alaska 99508
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Portland, Oregon 97208
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University of Idaho
Department of Plant, Soils, and Entomology
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Francis, Marion J.

Franks, Carol
Soil Conservation Service
100 Centennial Mall North
Lincoln, Nebraska 68508

Frazier, Bruce E.
Washington State University
Agronomy and Soils Department
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Freeouf, Jerry A.
U. S. Forest Service
Rocky Mountain Region
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Lakewood, Colorado 80225

Garner, Eddie D.



Haberman, Roger L.
Soil Conservation Service
100 Centennial Mall North
Lincoln, Nebraska 68508

Hacker, LeRoy
Soil Conservation Service
517 Gold Ave., S.W., Rm. 3301
Albuquerque, New Mexico 07102

Heil, Dennis M.
Soil Conservation Service
511 N.W. Broadway, Rm. 248
Portland, Oregon 97209-3489

Hendricks, David M.
University of Arizona
Department of Soil and Water Science
Tucson, Arizona 85712

Hetzler, Robert T.

Hibner, Charles
Soil Conservation Service
2600 Galisteo Rd.
Santa Fe, New Mexico 88101

Hill, Robert A.
Soil Conservation Service
417 Gidding, Rm. 239
Clovis, New Mexico 88101

Hobbs, Paul
Bureau of Land Management
2475 Beverly Avenue
Kingman, Arizona 86401

Huntington, Gordon L.
University of California at Davis
665 Elmwood Drive
Davis, California 95616

Jkawa, Haruyoshi
University of Hawaii
Department of Agronomy and Soil Science
Honolulu, Hawaii 96812

Johnson, William
Soil Conservation Service
201 E. Indianola Ave., Suite 200
Phoenix, Arizona 85012
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Jorgensen, Wendell
Soil Conservation Service
101 E. Beale St., Suite C.
Xingman, Arizona 86401

Krapf, Russ
Bureau of Land Management
2015 W. Deer Valley Rd.,
Phoenix, Arizona 85027

Lammers, Dwayne A.
Oregon State University
3200 SW Jefferson Way
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WELCOME

DONALD GOHMERT
State Conservationist

Soil Conservation Service,
Phoenix, Arizona

Thank you, Wayne. This is really my first opportunity to
plug into a regional soils conference, and it's really my
pleasure to do so. Before I get started with the remarks
that I have, I would like to say a big "thank you" to NAU
for sharing their hospitality and inviting us to the campus
here. And certainly a thank you to the Soil and Water
Conservation Society and the work that they are doing to
facilitate this session, and I think Wayne is very modest
when he introduces his steering committee which worked hard
here, but certainly Wayne was the driving force behind that
committee. He kept it going, and Wayne, we appreciate that.

On behalf of the Soil Conservation Service, let me welcome
all of you to Arizona. It is the sixth largest state in the
country, has been a state since 1912, and has about 73
million acres. I'd like to show you around our state by way
of a few slides.

In a state of this size, larger than all six northeastern
states combined, we only have 15 counties. But it is one of
the fastest growing states. People are leaving the rust
belt for the sun belt. Obviously that puts pressures on the
resources here.

As people move from east to west, they are finding that
states like Arizona, and many of the Western states
represented here, are very desirable places to live. This
is putting more and more pressure on the resources and it
means that we need to be better at what we are doing in
interpreting the strengths and weaknesses of the ability and
capability of the soils that we have here to support these
kinds of pressures.

In Arizona we have eight major land'resource areas: three
are physiographic provinces - the Colorado Plateau, the
Transition Zone, and the Basin and Range. We have all but
two of the major soil taxonomic orders in this state, all
but one of the major moisture regimes, and all but one of
the major temperature regimes. So we are quite varied.

Elevation ranges from less than 100 feet in Yuma to over
13,000 feet. Precipitation ranges from 2 to 3 inches down
in Yuma to more than 35 inches on Mount Humphreys Peak. A
very interesting state, a very diversified state - one in
which we have a presence statewide. On 96 percent of the
state, the Soil Conservation Service through its delivery
system, the Conservation Districts, services cooperators
around the state.

Coordinated resource planning is very important to us
because of this patch-quilt of ownership. The BLM and the
Forest Service together operate about 32 percent of the I&



public lands, the other 10 percent of the Federal lands are
National Park, military reservations, Fish and Wildlife
Service, Bureau of Reclamation, etc. So there is about 42
percent of the state under federal operation.

About 28 percent is in Indian Lands on 22 reservations, 17
percent is privately owned and about 13 percent is state
owned.

Soil Conservation Service provides its assistance through
the Conservation Districts, of which there are 39 - 38 in
Arizona and 1 in California that we provide assistance to on
an agreement with that state.

We have about 7,000 to 8,000 operating units. The 22
reservations and state land are considered private land.
Basically, we are looking at about 58 percent of the state
that we provide direct assistance to. We are working with
the federal agencies primarily on a coordinated basis on the
rest of it.

Because of the patch-work quilt ownership pattern, this
activity is very important to us - the activity of
coordinating soil surveys, trying to get them to national
standards, because we need uniformity and consistency in the
interpretations and applications of those interpretations
statewide. Just because its on public land doesn't mean it
doesn't have an impact on private land. And what they do on
private land certainly has an impact on public lands. It is
very important that we get together and work with the
decision makers, whomever they are and whereever they are,
with some consistency in
our soils data.

interpretation and application of

We provide assistance to
statewide - the Hopi and
Reservation in the north. . .

all but two of the 22 reservations
White Mountain Apache. The Hopi
and the White Mountain Apache_.. .

Reservation in tne east center of the state have Chosen not
to organize conservation districts. They can organize under
state code or tribal code, but these two reservations have
not yet decided to organize under either.

There are 15 counties in Arizona. Because of the size of
the counties - ranging from less than 800,000 acres to 12
million acres - our soil surveys do not coinside with county
boundaries like they do in most of the states east of here.

The Soil Conservation Service has divided the state into two
administrative areas - Flagstaff being one area with an Area
Conservationist that operates and supervises the operations
in the Northern half of the state. The other Area
Conservationist is located in Tucson and supervises all SCS
operations in the southern half of the state.

We have eight different programs in the state provided
through 22 field offices. We have 6 operational,
functioning soil survey projects in the state. I am proud
to say these are not just SCS projects, but cooperative
projects with the BIA, the BLM, and we are looking forward
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to moving into a cooperative effort in Sedona and Black
Hills with the Forest Service in the next few months.

Arizona has about 40 different vegetable type crops that
they grow at any one time - that is in addition to the field
crops of cotton, alfalfa, and grain crops. As you can see,
with 40 different vegetable type crops grown in the state,
soil surveys are very important to us, and to the user, and
gives a lot of diversity to our agriculture in the state.

There are about 1.1 million acres of cropland in this state,
most of which is irrigated. There is some dry land farming
and some subsistance farming on the reservations. The
Department of Water Resources dictates to the farmers in the
active management areas of the state what the irrigation
efficiencies are going,to be. So our workload is heavy in
the engineering.

Of course it has to start with soil surveys. We are looking
at high-tech irrigation systems and beyond the irrigation
systems, we are working with these farmers to take a look at
what they can do to turn a profit. They are operating, in
most cases, in a negetive margin; they cannot achieve
irrigation water management in these soils with inherently
less than 1 percent of organic matter and a high compaction
rate. If equipment is operating in the fields when the soil
is wet, the soil becomes compacted. This impacts the water
management, and it impacts the health of the crop, because
it reduces the space for the roots to develop.

Along with our engineering assistance, we provide agronomic
assistance on the crop-residue, conservation tillage
practice. Another priority we have in the state on the
state and private lands is assisting the ranchers on range
management - planned grazing systems, water developments,
brush management, etc. One of the things that we feel is
most important in this state is water developments, along
with developing grazing systems to take advantage of the
range, because like any habitat, water is a limiting factor.
Again, our engineering assistance comes into play in the
resource management system as we look at plant science, soil
science and the engineering practices that it takes to make
it work.

We are also hearing from the Department of Environmental
Quality and the EPA. We have 214 operating dairies in this
state and 7 or 8 pig farms. And basically this is a brand
new problem for us. These dairies are 4,000 to 5,000 cow
operations, some of them less than 1,000. Some of these are
milking three times a day, and they are on full confinement.
They bring the feed to them, they stand there and eat, and
then they run them in for milking. Obviously we have a
problem of importing nutrients, if you will, into these
systems, and they have a problem handling these nutrients in
the organic material. So we are looking at ag-waste
management systems for these 214 dairies. Obviously when
you are looking at ag-waste, you want to look at it as a
resource - where can you apply this organic material. It is
certainly welcome on these hot desert soils under
irrigation, but you cannot put more out there than the crop



are going to use, in terms of nutrients. So that becomes a
limiting factor.

Then we've got the urban ag conflicts that you find anywhere
- agriculture operating on the fringes of the urban area.
The conflicts that you have there with the nuisances being
developed - people moving out to the countryside. They
don't like the smells, they don't like the sprays, they
don't like farmers, they don't like farming, and they don't
like tractors on the road. They like to be out in the wide
open spaces, and yet they like to go the grocery store where
the shelves are full of food. So here we also see in this
state a situation where our earliest soil surveys were
obviously around these urban areas, because we knew they
were expanding then, and we needed good soils information.
We have about 19 published surveys in this state - three of
which are probably past their prime as far as being current.
With this being a fast growing state, we are still 26
million acres from mapping all the soils that we need to map
on state and private lands and Indian lands. We want to do
that by the year of 2000. By then we will have 7 or 8 of
these surveys that will be obsolete - these being ones
around areas that are growing the fastest.

We are dealing with these kinds of conflicts here. How do
we get this up-to-date information to the decision makers
where we are having this fast growth and at the same time
recognize the needs of our ag producers? What we have, and
the Forest Service can certainly speak to this a lot better
than I can, is these rural areas growing out into the
forest. They are building into the flood plains, changing
the drainage patterns, changing the runoff curve, and
building into areas that are subject to wildfires. We have
some very critical situations in this state for that reason.

Flood plain management and river basin studies are very
important to us. We try to handle this type of growth in a
logical sequence and be ahead of the curve a little bit, but
they are building faster than we can work with the planners
with good soils and good engineering information.

Our RC&D areas are our rural development, rural community
type projects that we administer in this state. Pima County
was just brought into the Coronado RC&D Area this year. The
RC&Ds serve as a medium for us to get information to rural
commuties, such as soil surveys, and help them plan and
apply the conservation practices, measures and concerns that
they should have dealing with growth.

RC&D is also working with some of these rural communities,
such as the senior citizens home in Springerville, AZ, where
they made a site for this senior citizens home and cut into
a bluff causing extremely critically eroding area. The RC&D
will take cost share funds and protect this area.

This is some of the growth that is happening faster than
good planning can take place. But in the end, it all has to
start with soil surveys.



Our snow survey program definitely is important to us. The
Transition Zone in the middle part of the state is more or
less the area that produces our surface water that we have
in Phoenix. We have to be able to predict water supplies,
stream flows, and what is good watershed management that
protects water quality and water quantity downstream.

We have a Plant Materials Center (PMC) that operates in
Tucson. Basically, it deals with the MLRAs that are south
of the Mogollon Rim. The plant materials center in Los
Lunas, NM, deals with the Colorado Plateau area, testing and
evaluating superior performing species that address the
critical conservation needs that we have in this state. Of
course, we tie it back to ecological science - our range
sites, our woodland sites. We need to do more and more of
this ecological site evaluation and development and again,
it starts with good soils information.

We are also getting into riparian species evaluation and
development at the PMC as they are also in Los Lunas. That
is of critical importance to all of us. I don't know of a
single one of us, including the university people, that are
not getting interested in riparian management. We are
taking the techniques that we learned during the CCC days
and they work just as well now as they did then. There is
nothing magical about it. I'd like to say that we
discovered it, and take credit for it, but it's those in the
CCC that learned about it. We're just coming full circle
now learning what they did. One of the things that I like
about these pole plantings is that basically in the hotter
climates of Arizona, you can stick them in the ground just
before they break dormancy, and it's almost like playing
God. This is a really popular idea with the
environmentalist - extremely easy to do. But it does take
some planning and some management. We know how to do that,
the BLM knows how to do it, the E'S knows how, the BOR is
getting into it, and certainly the BIA has example after
example on the reservations as one in which the low input-
high labor intensive practices you can use to produce good
results fast.

Our soil surveys, as I mentioned before, we have 6 active
ones. We have 19 published surveys, one published just this
year. It is really nice to see those things come out of the
printer. We are chipping away at it, and I think if we ever
got the publishers down in the pits, they would see it a
little differently.

It's the people in this room that are going to make the
difference in the quality of the soils program across agency
boundaries in the West and as to how well we are going to
get our job done.

The soils program is so important to us when we work with
our clientele on cropland, on brush management practices,
and on rangeland. When we are doing construction or
floodway design, we need good soils informations and we need
it consistently. We are going to have more and more people
coming out here for jobs for recreation, and we need good
soils information for all of. those. ,46



Jim Kimball with the Tonto National Forest in Phoenix said
that the Tonto Forest has the greatest number of recreation
days in the United States. We have 4 million people in
Arizona, and in the winter, we have close to 8 million
because of the snow birds. Think about what that does to
the state. If you are going to have that many people here,
you have to have the facilities to handle them just as if
they live here full-time. This is a tremendous impact on
Arizona to provide for the needs of 8 million people when
there are only 4 million here.

We have some extremely good conservation practices going on
on the Indian Reservations. We are working with the BIA and
the tribes and the conservation districts to take what
resources they have in the low initial cost-high
maintenance-high labor and put them in there in very
effective ways and show them how conservation can be done.

Let's not fool ourselves. This is not conservation at its
best. What we are doing is treating the symptom, not
treating the problem. We need to have good treatment of the
watershed. We're not quite there yet in a lot of those
communities, but we are getting there. But before we can
get there, we need to have good soils information.

Some of this intermingled land that I was talking about,
it's up to all of us to coordinate, cooperate, and get the
job done the best we can according to standards.

Working with those folks, we take advantage of whatever they
have to harvest what water they can for downstream use in
their garden. It doesn't make any difference who we are
working with, we need to have good information. You are the
folks who can help us do that.

I hope that before you leave this week you identify some of
the problems that keep us from implementing coordinated
activities that deal with soil surveys across the West.
Help us to carry the banner for you back to the policy
makers, decision makers and the people that put the budgets
together that we need more soils information, that we need
better information.

You are in a position to do that - you, the folks here in
the West, right here in this room. We must have the
universities involved in this and the land management
agencies-federal, state and local.

With that, let me again wish you success and a very
profitable and enjoyable workshop this week. It has been my
pleasure to be here today. I hope this gives you a little
background on Arizona. We feel it is a wonderful state with
a lot of diversity.
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SCS National HaadCfLIarters  Soil Survey Report

Bill Roth, Soil Survey Division

The Soil Survey Division is developing a strategic plan.
This plan will provide the framework for the division as we
move from completing the initial soil survey inventory to
the improvement and modernization of both our spatial and
attribute databases. A vision and mission statement have
been written.

VISION

Quality Soil Resource Information for Science and Society.

NISSION

Provide leadership and service to produce and deliver
scientifically based soils information to help society
understand, value, and wisely manage global resources.

We have developed the following list of 15 Strategic Issues.
This list may be revised as we continue to meet with our
customers and review our strategic plan.

- Communicating to and educating our internal customers
to get support for soil survey through a marketing
plan.

- Automation system.

- Developing standards for data reliability to meet
customers' needs.

- Team-building among our own soil scientists and other
disciplines.

- Balance of technical services and soil survey program.

- Maintaining State Soil Scientists as Program Managers.

- How to address environmental issues.

- Funding alternatives.

- How to manage and fund soil surveys on MLJtA basis.

- Program responsiveness and flexibility.

- R&D Strategies.

- How to get suitable digital imagery.



-- I~nternational  responsibilities
- Maintaining quality when users are inclined to do

whatever is most convenient.
- How to manage and fund soil surveys.

We are getting a lot of requests for STATSGO data from other
agencies. We should all do our part to make sure we have a
certified coordinated joined soil survey of the United
States at a scale of 1:250,000 by October 31, 1992.

During 1991, the Soil Conservation Service mapped 31.7
million acres and our cooperators mapped 5.8 millions acres.
We now have as soil survey on 1.6R billion acres on 73
percent of the United States. Our goal is to complete the
mapping of all privately owned land by 2,000.

The Soil Survey Division priorities for 1993 are:

Continue to develop and begin implementation of NASIS

- Data conversion to Informix.
- New data elements.
- Training.
- Generating manuscript tables from tailored MLJlR data.

Continue to develop and document Soil Survey standards and
procedures

NCSS Standards Committee, complete networking with
committees and work groups.
Continue development of the NCSS/FGDC Data Dictionary.
Review and finalize the National Soils Handbook.
Revise Handbook of Soil Survey Field Investigation
Procedures.
Develop spatial data transfer standard.
Distribute Gui.de to Authors of Soil Survey Manuscripts.
National Soil Taxonomy Handbook revision - approving
ICOMID recommendations.
Develop Soil Sl?rvey Field Handbook.
Distribute Guide for Soil Survey by MLRA.

National data bases, structure, content, implementation

- Implement automated pedon description program (PDP).
- Define & Develop tabular OSED data base.
- Complete STATSGO and develop procedures for

generalizing, summarizing, and aggregating digital
information to smaller scales.

- Continue cooperation with universities to input data
into NCSS Soil Characterization Database.
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Support to field operations

_.

uevelop a priority list of orthophotography needs.
Participate in NHQ interagency initiative to acquire
current ADP capabilities

- Digitizing initiative
- Soil Survey Project Office hardware and

software
Complete landform description system.
Develop scheme for electronic data transfer among
locations, primarily at the MLRA level.
Develop regional indicators of hydric soil and wetland
hydrology.
Selected states review and comment on soil
interpretations rating for selected interpretive
guides.
Encourage development of long range soi: investigations
plans as part of MLP.A-wide planning.
Continued development for description, investiqation,
and interpretation of deep layers.
Continue the input of Soil-8's.
Continue to emphasize training, and conduct existing
courses.
Continue development of interpretive training modules.
Comple,te 60 soil survey manuscripts for publication.
Maintain laboratory production.

Global climate change activities

- Deveiop and maintain a world soils data base to assist
national and international efforts in systems modelling
and other uses of soil information.

- Continue soil moisture and soil temperature monitoring.
- Distribute information about project activi~ties,

including maps of study locations and descriptions cf
activities.

International activities

- Assist Lesser Development Countries (LDC) in developing
soil survey programs.

- Prcvide support services to the Agency for
International Development (AID), and technology
transfer and training to AID country missions, and
other international and regional institutions in
technical soil services and soils classification.

- Initiate international soil classification committee on
soils with permafrost.

Continue preparation for Soil Survey Centennial

Bo6it NCSS national moating

Vermont, July 1993



complete soil survey marketing plan

Complete draft Strategic Plan for Soil Survey Division

- Solicit information about traini~ng,  other future needs
in field, states, programs, and agencie:;.

- Expand strategic planninq to the whole NL‘ZP, through
the national and regional Soil Survey Conferences and
existing advisory committees.

- Adjust NSSC services, including participa!ion  in Soil
Survey Conference Committees, in line with client
i71dications of need.

Develop budget initiatives

_ FY94 budget initiatives
easy access
native American
water

- Continue with ?-year state nllowan~~-e inplemcn!:atior:
plan.

Develop policy and procedures for support and delivery of
technical soil services at all levels

- Coordinate the Hydric Soil Committee.
- Complete electronic generation. OC h;rdric sr~ilr nap UI-;it

lists using the Statr! Soil S.xve:_ L!~~':G~T:Y,~.
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As you read this, it will be obvious that I am among the missing.

I

I hope that this will not be my last will and testament, but one
never knows. A year ago, I talked to Gary Huckel and suggested to
him that we should discuss the changing role of the Agricultural

I

Experiment Stations in the National Cooperative Soil Survey. Gary
agreed that this would be a to,ic of concern to everyone, discussed
this with Wayne Robbie, and time was allotted in the program.
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In the meantime, the Governor of Wyoming (one of the OPEC states)
decided that we had a budget crisis. For a couple of weeks,
everything that involved spending money was frozen. Then an appeals
process was instituted whereby a person could submit requests to
travel, purchase equipment and supplies, and fill vacant positions.
I have heard estimates that the appeals process, in six months, has
cost the University well over $250,000 in administrative expense.
This is above our normal bureaucracy, which is considerable. The
appeals process will be ended for most state agencies as of June
30, but it may remain in place for the University at the Trusties
request. They are upset because the UW administration has not drawn
up a RIF (reduction in force) policy for faculty as they were
requested to do by the Trusties. So, we are now in unsettled times.
I have been denied a $20 request for supplies in the same week I
was granted permission to order a $12,000 truck. I have rolls of
slide film sitting on my file cabinets waiting the first of July
when I will hopefully have money to have them developed. We are
looking at level spending for next year which will be great if
true, and of course there was no raise money this year. But we
didn't take a pay cut either. We have open positions in the
department which have been vacant now for four years, with no
authorization to search to fill them. One is our Soil Physics
position. We are hopeful that we may eventually get to fill that
position as a result of an NSF grant related to water quality.

In my department, we are in the process of developing a new
undergraduate curriculum (Agroecology) to replace our three
traditional B.S. degree programs (Soils, Crops and Entomology).
After suffering years of low enrollments, we were getting a strong
message to change ourselves, or be "realigned" by the
administration. If the new program does not draw enough student
interest, I predict that, we (Soils) will be merged into Range
Management. We are getting a strong message from our administrators
that we m going to become an outstanding institution of
undergraduate education. This is a different message than we were
getting before perhaps two years ago. Up until then, we were told
to develop our research capabilities and become the "Harvard of the
West". I am sure faculty at other schools in the region are getting
the same message.

I
Let me spend a few lines going over some history of how we got to
where we now are. Before the war (WW II, not Vietnam), college
professors were primarily teachers. They taught heavy schedules of
undergraduate classes and generally remained atone institution for

I their entire careers. Pay was low, but there was some prestige
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associated with the occupation and most considered it a sort of
g*callingU'. At that time, relatively few schools had graduate
programs. Most of these faculty did conduct some research, but that
was because they were scholarly types, and they recognized gaps in
our knowledge base. They tended to wori‘ on long term projects, in
which they were personally interested. Certainly, they were not
driven by the "publish or perish" dictum with which all young
faculty of today are familiar. I am hard pressed to imagine Hans
Jenny embarking on a research project with the comment "Oh well, I
suppose there's a paper in it".

Sometime starting in the 1950's, the picture began to change. For
what seemed like perfectly logical reasons, we in academia bought
into the research oriented agenda which had characterized only a
few of the larger institutions in the 1940's. State Colleges became
State Universities. Graduate programs proliferated. We were in a
technological age and those in the natural sciences strove to keep
up with colleagues in the physical sciences. Americans, including
college professors became more mobile. Faculty began to build
resumes to garner merit raises and new job offers.

In time we came to speak of "research opportunities" and "teaching
loads" and the reward for good research was the reduction of one's
teaching load. The number of research journals blossomed and
faculty in the tenure track were motivated to fill their pages. The
prestige of Experiment Station publications declined and faculty
developed their resumes by publishing short, experiment oriented
articles in peer reviewed journals. If, for example, you look at a
current issue of the Soil Science Society of America Journal you
will find the papers in S-5 to be considerably different than they
were in the 1960's. The cost of page charges alone makes it
difficult to publish long articles related to field pedology. The
value of a faculty member's program came to be evaluated by two
criteria: pumbers of journal articles and dollars of grant monies
brought in. These were much easier to evaluate than it was to try
to determine the actual scientific merit of a faculty member's
work, or its value to the scientific community and the public.
Cynics have pointed out that much of the current literature is
unread, even within the narrow discipline in which it is published.
Still, we have bought into this process and at faculty meetings
involving decisions of reappointment, tenure and promotion; I hear
a lot of counting by my faculty peers and little evaluation of the
ultimate quality and value of the work being produced. There has
been more money in the professorial profession (until recently at
least), but perhaps less prestige.

NOW, with many programs facing low student enrollments for a
variety of reasons (demographics, the economy, escalating tuition,
no military draft, poor high school preparation, changing career
expectations by the students), university administrators are
beginning to evaluate the wisdom of attempting to have a degree
program for every student and a graduate program in every
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3.

discipline. At some Land Grant Universities, that most sacred of
institutions, the College of Agriculture itself has been
questioned. We are taking a second look at curricula that were
built on the premise that every new faculty member would want to
teach a course in the highly specialized area in which he/ she
completed their Ph.D. Many universities have adopted the concept of
a common first two year program for all students. Administrators
question the need for new low enrollment, upper level courses to
teach specialized knowledge at a time when employers complain about
the ability of our graduates to write, communicate, and work with
others effectively. Traditional programs (Soils, Crops, Forestry)
are being redrawn with an "environmental" orientation. Faculty
uniformly complain about the poor qualifications and motivation of
the few students that they have in their classes.

As the National Cooperative Soil Survey program grew throughout the
1950's and 1960's, participation by soil scientists at the Land
Grant Universities varied, but most schools had at least one person
involved. Some institutions (North Dakota State University comes to
mind) had large programs in which university faculty and staff
actually conducted the soil survey of entire counties, training
students in the process. Ohio State University had a soil
characterization laboratory, totally separate from its soil testing
laboratory, which was funded by the state to perform analyses in
support of the NCSS. Most schools had designated Experiment Station
Representatives to the NCSS who participated in field reviews and
correlations, helped prepare manuscripts, etc.

As the expectations for university faculty changed over time, and
the criteria by which they were evaluated for tenure narrowed, this
participation has generally dropped off. The facts are that today
few administrators, or faculty colleagues at reappointment time,
will attach much importance to participation in a field review.
Research emphasis has shifted to short turn around time projects
that will produce papers vithin a couple of years. State support
dollars to faculty have generally declined, in part because of a
shift of support by administrators to more glamorous fields like
molecular biology. Faculty support is now viewed as mseed money"
rather than a commitment of long term program funding. The follow
up to "publish or perish" has been "grant or perish".

The federal and state agencies involved in the NCSS have not been
static over the last 30 years either and they have had to deal with
changing expectations, fluctuations in funding, and a turn over in
personnel. Let me finish this paper by suggesting some ways in
which the NCSS partnership can continue to be a productive one.

1. I have always considered field reviews to be an important
learning experience (for me). This is an opportunity for university
faculty to visit with field soil scientists, see new soils and
landscapes in their state and see first hand both the successes and
problems in the use of Soil Taxonomy in soil survey. These trips
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provide ideas for research and a background for teaching in the
classroom. Agency people need to be aware that the faculty member's
boss will probably not attach any particular value to the activity
and the faculty member needs to view the experience as valuable
training, which will have long term, if not immediate LAnefits.
There is a limit to the number of field reviews that even a tenured
faculty member is well advised to participate in, but I would
encourage agency soil scientists to not give up and stop extending
the invitation to these events. It is a chance for you to provide
some real world exposure to the ivory tower types.

2. University faculty do (hopefully) have some facility to teach,
and the agencies should take advantage of this in terms of work
shops and other training exercises, both for their soil scientists
and for other agency people who use soils information (e.g.
silviculturalists and engineers). We (soil scientists) spend a lot
of time talking to each other and it is. a wake up call to interact
with other disciplines who would like some information about soils,
but probably not what we are providing them with now.

3. The advent of CAW (computer assisted writing), which I consider
an abomination, has reduced faculty participation in soil survey
document development. We should look at advances in desk top
publishing and computer data management as opportunities to improve
delivery of soils information to NCSS clients.

4. Geographic Information System technology, coupled with satellite
positioning capabilities, will revolutionize the way in which we do
soil surveys. We in the universities need to help introduce this to
the other NCSS cooperators in a non threatening way. I can
remember howls of protest and accusations of betrayal when
university soil scientists began publishing papers using statistics
to document variability in soil mapping unit delineations. No one
would now question but that we now have a far more accurate
understanding of the spatial variability of soils and the
reliability, or predictability of soil mapping units as a result.
GIS will greatly improve our ability to store, retrieve and present
the spatial attributes of soils. One needs to remember that
improvements and development of new methodologies do I)& negate the
value of previous work. But "This is the way we've always done it"
is the thinnest excuse for avoiding change.

5. Both those of us from the universities and those in the NCSS
agencies need to believe each other when we all plead poverty. In
times of limited resources, everything you do is something else
that you cannot do. We, in the universities, need to commit
ourselves sincerely to investigating research questions that will
contribute to the NCSS effort as well as our basic understanding of
soil on the landscape. Agency soil scientists need to recognize
that we in the universities are ultimately judged by the papers we
produce. Hopefully we have a common ground where our needs overlap.
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I do not want to present a picture of total doom and gloom. The
summer is still relatively new here in Wyoming and I have three
graduate students starting their field work. One is working on a
conventional soil survey and testing erosion models. The second is
evaluating GIS mapping of forest soils in the Snowy Range and the
third is evaluating changes in soil morphology and chemistry in old
clearcuts. Gene Kelly, my neighbor to the south, and I have a
proposal under consideration by NSF that, if funded, will be fun to
collaborate on. I was asked to review Paul WcDaniel's proposal for
a state project in Idaho and believe it to be an example of
excellent support of NCSS through basic research. Some contemporary
;;';;;;Eti;yess(e.g. Alan Busacca's work with paleosols in the

Geoderma 45:105-122) give heart
contributions z&e being made to join those of Jenny,

that major
Wilding, Gile

and Peterson. I'll bet that Jerry Nielsen comes back from his
sabbatical full of enthusiasm and ideas. (I'll bet he was that way
when he left for it). Several positions which were open at the time
we met in Alaska have been filled, and that relieves a major
concern that our ranks at the universities were dwindling
irreversibly. Perhaps as we attempt to more effectively evaluate
undergraduate teaching, we will also develop a better appraisal
mechanism for researchthanthe strictly numbers accountingthatwe
currently use. I am working on an Introductory Agroecology course
and learning new things as I attempt to expand the horizons of my
teaching. I regret missing the opportunity to see old friends and
to meet the new personalities in the group. Next time !
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Western Regional Cooperative Soil Survey Conference
Flagstaff, Arizona
June 22-26, 1992

world Soil Resources: Current and Future Activities
paul Reich, USDA-SCS, NHQ, Washington, D.C.

World Soil Resources (WSR) is a section within the Soil
Survey division of the Soil Conservation Service. Our goal
is to assist less developed countries (LDCs) implement
policies and commitment to sustainable land management for
food and fiber production and conservation of natural
resources. Our mission is to assist the U.S. and LDCs to
improve the quality of their soil resource inventories to
enhance their abilities in attaining a sustainable
agriculture and have the capability to address the problems
of poverty, hunger, and the environment.

The WSR staff includes the following persons:

Hari Eswaran - National Leader
He is the driving force behind all of the activities
we are involved in. His responsibilities involve
coordinating WSRs activities to provide services to
scs, and domestic and international organizations in
the area of evaluation, use, and management of soil
resources of the world.

Lorraine Jamison - Secretary

Dave Yost - World Soils Data Specialist
Dave is our liaison to other Federal agencies,
private companies and universities among others.
He provides technical assistance in helping them
use soils data. He is currently working on
developing attribute data for a soils database
of Africa.

Ben Smallwood - Soil Resource Evaluation Specialist
Ben has been working on creating a map of soil
moisture and temperature regimes of North America.
He is also working on providing the Economic
Research Service with map data layers of soil,
physiography, and climate with the purpose of
developing productivity indices of the world.

Russel Almarez - GIS specialist
He is a new member on our staff and will start
working with us in early August.



Paul Reich - Geographer
I am responsible for maintaining databases and using
GIS to create maps for various projects. Some
current projects include: using GRASS GIS to create
maps to assess constraints to sustainable land
management for a watershed area in Java, Indonesia;
and using statistical techniques in an analysis of
how accurately the Newhall model estimates soil
temperature from climatic data.

Everet Van Den Berg - Systems analyst/consultant
Everet is a visiting scientist from the Netherlands.
He writes computer programs in PASCAL for data
manipulation. Currently, he is working with 4
different global circulation models and the Newhall
model to find out how soil climate will be affected
by a doubling of carbon dioxide. He is also working
on creating maps of the Indian sub continent that will
show potentials for sustainable agriculture.

Some of the major activities we are involved in include:
Soil moisture and temperature regime (SMTR) studies,
World soil maps and databases,
Global climate change (GCC) studies,
Sustainable agriculture,
Technical assistance,
Planned meetings,
and Publications.

In our studies of SMTRs of the world we have compiled a
database of about 15,000 stations which were processed by
the Newhall model which was modified and rewritten in PASCAL
by E. Van Den Berg. Some results of the study will include:
a world map of SMTR with a database showing their extent,
possible modifications to soil taxonomy definitions and
tests of scenarios for GCC studies. Preliminary results
show that for soil temperature regimes in the continental
U.S. 52.6% is classified as mesic, 32% is thermic, 5.6%
frigid, 5.8% hyperthermic, and 2.8% cryic with percentages
under 1% for the isomesic and isothermic regimes. For the
soil moisture regimes in the U.S roughly 56.5% is classified
as udic, 18.9% aridic, 13.9% ustic, 9.3% xeric and .6%
perudic.

Some of our objectives for GCC studies is to evaluate the
magnitude and variability of carbon in the soils of the
world and to relate carbon to variables controlling its
sequestration. We also have a global database on organic
carbon containing about 2,000 pedons from around the world.
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A definition of sustainable land management (SLM) was
developed by Hari and Dr. Richard Arnold and reads as
follows:

Sustainable Land Management is a system of technologies that
aims to integrate ecological and socioeconomic principles in
the management of land for agricultural and other uses to
achieve intergenerational equity.

The activities we are performing related to SLM is
developing basic concepts, creating an awareness for the
role of soils information in SLM, developing and providing
soils databases for SLM studies, and assisting in developing
techniques to monitor soil degradation.

An important part of what we do is to provide technical
assistance to developing countries. Much of the work done
for this is under the Soil Management Support Services
(SMSS) which is funded by the U.S. Agency for International
Development. The major focus with this activity is on SLM,
glokal data bases, geographic information systems, training,
and information dissemination.

Organized meetings with other scientists are vital in
exchanging new information and the sharing of innovative
ideas. Some planned meetings include, a management of
forest soils meeting to be held in Taiwan in Nov. '92, and
GIS training in Ithaca, NY.

One of our most important activities is in the publishing of
information in a format that is most accessible to its
users. The main purpose of our publications is for
information dissemination to LDCs and to keep SCS staff
informed. Examples include, papers submitted by our staff
at ISSS Congress meetings, keys to soil taxonomy, and
internal reports of WSR. Currently, we are developing a
monograph that will describe the processes involved in
producing maps using GIS for use in LDCs.

WSR is dedicated to providing the U.S. and LDCs with
information and technologies that will improve the
management of their natural resources.
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I’m r10L ia ::oil:; per-:;on, T'm I-ealiy a nosc:y guy, an inter-loper. 1
come to learn some things from you. Don't disappoint me by always
speaking in a language that I don't understand. My interest is
fixing up rangelands. But, Al Amen has helped me a great deal. lit-z
forced me to know something of soils so I could understand what is
happening out there. The reasons some were stable and some not.
So, I owed him one. I want to be provocative and stimulate you
because I'm not too sure what the best techniques are in public
participation and getting people to buy into my ideas either. I ' 1 I
give you some ideas but only on condition that you give me some
also.

I work with theharshest environments known to man. The marine
formations, often clay soils derived from shales, high TDS, high
shrink/swell ratios, high pH, low precipitation, and little or no
vegetation. Often folks say, "That's a God forsake area!" Help me
turn that image around. The areas are great for solitude, quiet,
scronity, and rejuvenation of spirit. hfter a week out there your
cranky neighbor is more pleasant. These areas always have
something interersting going on. Pretty delicate flowers which may
last only a few hours, the numbers and kinds of animals will
surprise you and always cheap but valuable livestock/wildlife
forage. Unfortunately they contribute more sediments and salts
than they should. How to help them is interesting and challenging.

To challenge each of you, I submit that you have undersold your
profession. Soils folks convinced some of us range people that we
needed to know soils to identify potential plant communities. But
I find we needed more than that. We need to know present soil
conditions in most areas and in some the percentage of large rock.
You didn't supply it, nor tell us it was important. You short-
changed your profession's importance.

Also, you need to change your image. You are not grubby dirt
diggers. You are the care-takers of soil, the warm, cuddly home of
plants, earthworms, bunny rabbits, and other loveable critters.
You have the awesome responsibility of being the conscience of land
uses. You should be looked upon as the angelic guides for all
improvements but also the saviours where soil conditions are being
sacrificed for short term monetary gains. Degraded soils are
repulsive and you should champion their cause. The public doesn't
know what to look for, nor what it is they are seeing, often until
it has gone down too far. Then, it needs capital investment for
restoration. Investments often are beyond the capability of
private land owners so society as a whole is often stuck with the
cost of rejuvenation or they lay idle testifying to past abuses or
degradations.

You are involved in sanitary land fills and other hazardous waste
problems. But, look at the future! Do we seal off for hundreds of
years so future smarter folks can solve? Do we bleed off methane
and reduce our heating bills? Hazardous/toxic contamination, water
carried dangers, microbes that eat this but not that; life cycles
to determine what happens when they die are all part of the answer
and no one is smart enough to know all these subjects. What plants
can take up and not cause health problems. What are health



problems? What things do plants and/or animals concentrate and
cause bigger problems. The public's mind set is to seal off any
danger. But you must bring reason that at times it is better to
use and recycle rather than attempt to seal off. We all must work
together to solve todays problems. Public problems which include
public lands, riparian areas, salinity, soil degradation areas, etc
are no longer the sole province of a single specialty. The best
solutions come from the combined brain power of every interested
person.

I've talked about your role and image because I believe we must
first look inwardly when discussing public participation. And, so
let me philosophize. Public participation is often thought about
only in relation to those other folks to whom we desire to implant
some knowledge or have them buy into our solution. I believe
differently. I believe ,we must start with the perceived problem,
and all of us grow together. No speciality, no profession has all
of the answers. We in any profession owe the public and all
players having any interest a clear, explanation of the facts
involved in the case. We talk to our own kinds of people but we
fail to communicate to others, especially those with conflicting
opinions. We often say they just wouldn't understand, soils are
too complex to explain in simple terms that all could understand.

When you hear words like that, rest assured that people with that
mind set will be dealt out of future involvement or issue. If we
can't express ourselves so that all understand, they will not use
our expertise. We owe it to them and to our professions to make
our concerns understood. Best understood facts are those simple
things we can all relate to. Try them out on your children or
grandchildren. If they don't understand, work on simpler terms and
examples until they do understand. Work on terms and expressions
which touch the senses-sight (pictures), hearing, smell, taste,
feel. Display a willingness to speak the listeners language.
Whatever that language might be. The best message possible isn't
worth much if it isn't heard and understood by the target audience.

I have written articles, given speeches explaining how to solve
particular problems. And, I have been frustrated that the problem
persists. Why? Because, I didn't get my message through all of
the filters and other ideas being generated. I think it is best to
go to the problems, examine them together. More of the senses get
involved, fewer other distractions and more interactions are
possible. Everyone buys into the problem and becomes a partner in
solving it rather than being told what to do. Oh, I also believe
the professionals all take themselves much to seriously. Lighten
up, have some humor. Don't get up tight when someone asks you why
you play in the dirt! Now some things that can help get your soils
messages across: Some great graphics and visual techniques are now
available. Soils data can be portrayed in each component of a
model (such as RUSLE). The model can then predict sediment yields
before and after treatments. This Al did at Sagers Wash in Utah.
He then added remote sensing to enhance his soils data even more on
the Henry Mountains area in Utah. Soils folks coupled up with GIS,
Remote sensing, computer, SLAP and other specialties can create
maps in vivid colors and with better accuracy than ever before. We
can exhibit soil characteristics, slopes, land uses, soil
condition, soil particle size, climate, infiltration, runoff, and a
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myriad of other data as single entities or in any desired
combinations now and after treatments--great stuff. Thanks to the
advent to computers, digitizing, remote sensing and other graphic
skills, we can make better presentations. And the data that soils
folks bring to the decision table is valuable, critical stuff. YOU
can graphically display options and predict results, with
guanitifiable  products. Remember the glitzy graphics may have got
you in the door but your communication skills will be tested to
keep you there. Otherwise the players will take your maps and
still leave you out. Your data isn't all you can contribute.
Often the solutions need a different array of the data and without
your manipulations a wrong assumption is made of your data. Give
them your best, simpliest explanations of what is really
significant and leave the nice to know to soils technical
functions.

You commonly won't be invited to the decision table unless what you
can give is understood and significant. You owe it to the decision
makers to give of your talents and make them known. Decision
makers can't mystically understand and invite you. Some soils
folks are a bit more comfortable with a shovel in the field than
they are with publics, other specialists and decision makers. Just
remember we all need each other and there is nothing to preclude a
soil scientiest from becoming a decision maker or at least part of
that team. We all put on our pants one leg at a time. Together we
can do a better job of managing salinity, public or private lands
and any project or proposal dreamed up by man or woman! Soils
folks have a larger part to play that ever before, come right up to
the decision tables!



Remote sensing examines soils from a perspective foreign to many soil scientists. that of
a distantly removed, perhaps spaceborne.  imaging system. A SateLlite  does not see soil profiles
or pedons. To an imaging sensor system, soil is simply ON component of the spectml  response
of an entire landscape.. In many areas, the soil is essentially invisible to imaging sensor systems,
its spectml  response masked by overlying vegetation How tbcn,  is mcanin&l information on
soils gathered and analyzed  with remote sensing systems and techniques?

This papx pnzents a general introduction to remote sensing systems and techniques as
they apply to soil 5&ncc. Specifically, multispectral  remote sensing as performed by satellite
platforms is examined Mroductions to common imaging  satellite systems and the digital data
they produce W included along with a tabulation of some of the advantages and disadvantages
of remote sensing techniques. Soil speciml  chara&ristics  arc inWodu& to provide  insight into
the application of multispectral  digital imagery to soil mapping. The paper concludes with a
description of a methodology for integrating multispecbnl  remote sensing into soil mapping
programs.

The Electromagnetic Spectmm

The physical response of objects and materials on the earth’s swf&ce  to wavelengths of
the electromagnetic speztrum  is the principal tool of remote sensing. Our ability to distinguish
vegetation types on panchromatic aerial photography is one of the more Mnunon  examples of
how spectral response can be applied to resource  problems.

Only a narrow range of wavelengths composing the electromagnetic  spectrum is used for
remote sensing applications (Figure 1). Remote sensing applications begin at about 0.35
micrometers in the ultraviolet region  of the spectrum. The region of the spectrum perhaps most
used for remote sensing applications encompasses the r&m of humfm  vision, 0.4 to 0.7
micrometers The infrared (IR) region  of the spxtrum  begins at around 0.7 micrometers and
continues to about 300 micrometers. The IR region of the specbum is conveniently divided into
four wavelength regions. The photographic IR from 0.7 to 0.9 micrometers provides a narrow
region of the IR spectrum where cameras, films, and filtm are effective. Beyond 0.9
micrometers IR is absorbed by glass lenses, and imaging with standard lenses is not possible.
The shortwave IR from 0.7 to 3.0 micromeWs is distinctive in that all LR nuiiation  in this region
is reflected from the earth’s surface. The midwave  JR tirn 3.0 to 5.0 micrometers is
distinguished as being a mixture of reflected and edmitted IR energy. This midwave  lR region
of the spectrum is particularly useful for sensing high  temperature phenomena such as forest
fires. The longwave  IR from 5.0 micrometers on to 100 or more micrometers consists
predominantly of radiated IR energy. The longwave  IR is used predominantly for sensing
thermal emmissions that are close to the earth’s ambient temperature; about 27degrces
Centigrade.



Beyond the the IR region of the spectrum lies the microwave region and radar remote
sensing (Figure 1). J&dar imaging systems are unique in a number of ways. Fir& they  are
active remote sensing systems: They illuminate tie ground surface with pulses of
electromagnetic energy produced  by the imaging system. The images recorded by radar systems
are built from the reflected pulses. Radar imaging systems (particularly L band systems with
wavelengths between 15.0 and 30.0 centimeters) have the ability to penetrate clouds, making
them a very useful tool for remote sensing in tropical latitudes. J&&r systems am also quite
sensitive to changes in surface texture, a significant aid in the analysis of geologic surticial
materials. A negative aspect of radar imagery is that it is non-literal; it requires considerable
training to use it effectively. Further, it suffers from several inherent forms of distortion

While  the visible and JR regions of the electromagnetic spectrum are fairly broad, remote
sensing is only performed in a few relatively narrow “windows” where atmospheric interaction
with electromagnetic energy is limited (Figure 2). The major windows include 0.3 to about 0.91
micrometers in the ultraviolet through photographic JR regions, 1.55 to 1.75 micrometers, 2.05
to 2.4 micrometers in the near R 3.0 to 5.0 and 8.0 tb 14.0 microns in the thermal JR, and 7.5 to
11.5 and 20.0 plus millimeters in the microwave region.

DigJtaI Jntngea

Perhaps 90 percent of the remote sensing performed today utilizes aerial photography
an&or manual photo interpretation shills. Since the launch of Landsat  J in 1972 however, digital
imagery, and digital image processing have had an expanding roll in resource analysis. A digital
image is composed of thousands, perhaps millions of square elements called pixels (picture
elements). The color or grey shade of each pixel in an image is II function of the integrated
average spectral reflectance of the portion of ground the pixel represents. Jn a Landsat  Thematic
Mapper image for example, each pixel represents a ground area of approximately 900 square
meters, or about 1. I acres. Just as the halftone dots in a newspaper picture appear  smooth when
viewed at reading distance, the pixels of a digital image also appear as a continuous tone image
at viewing distance.

The digital images generated by satellite imaging systems have a number of advantages.
First, digital images can be manipulated mathematically in an inflmite  number of ways to bring
out unique details of interest or explore alternative representations. With photographic images,
once the negative is flxed, adjustment is extremely limited Digital imagery provides consistant
classification results. A scientist knows that if the same algorithim  is used to classify 104) digital
images, the process will be the same each time. Jn manual, visual interpretations, each classified
map is unique, a function of the experience and mind set of the various interpreters. Digital
images from several spectral bands can he analyzed at one time using a computer. Photographic
images allow a visual analysis of at best three bands (slices) of the electromagnetic spectrum
(color film emulsion). Finally, digital images are cost-effective for large geographic areas,
repetitive interpretations, and standard image formats.
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The disadvantages of digital images and machine processing can be significant They are
expensive for one time interpretations and small area analysis. Start-up costs are high A typical
research level digital image processing facility will have at least 250,000 dollars in equipment
and imagery. Specialized equipment, also requires specialized staff to operate and maintain it,
further increasing costs. Accuracy of digital analyses may be difficult to evaluate, requiring time
consuming field work. Finally, almost all digital data requires some form of preprocessing,

Imaging System Characteristics

Remote sensing imaging systems typically collect electromagnetic energy that is either
reflected or emitted from the surface of the earth The value of the generated image relative to
any specific application is a function of the various resolutions of the sensor system. The word
resolution is typically associated with system spatial resolution, loosely assumed to be
represented by the smallest object that can be distinguished in the image. This concept is only
partly correct: It inadequately defmes  spatial resolution, and ignores associated spectral. and
radiometric resolutions, and temporal parameters that must be considered when assessing image
quality or utility for a specific application.

The spatial resolution of an image is a function of the wavelenth  band that the sensor
collects imagery in, the design of the imaging system, system operating conditions, and target
variables, For example, spatial resolution in camera systems is a function of the qnaltity  of the
camera lens, camera body, the type of film chosen, and scene dependent variables such as
contrast, shape, and pattern. Camera system  resolution is generally measured in terms of Ground
Resolved Distance (GRD). GRD does not refer to the smallest object that can be seen in an
image. It is measured using using a standard Air Force target, is defined as the distance on the
ground that two objects must be separated in order to be seen as separate objects in an image.
Because of variations in scene dependent variables, GRD is a somewhat subjective measure used
for general comparisons of image quality.

Spatial resolution is measured differently in systems that generate digital imagery. ln
these systems spatial resolution is a function of the size of the detectors collecting the reflected
or emitted electromagnetic energy, the angular field of view of the optical system in the sensor,
and the height of the satellite. These factors combine to give each detector an instantaneous
Field of View (TFOV), the area of the ground that each detector sees at a given instant in time.
The IFOV, along with the movement of the satellite in space.  and the scanning movement of the
sensor (in the case of Landsat)  determine the Ground Sample Distance (GSD) of the sensor
system: A comparative measure of spatial resolution for digital imaging systems.

Radiometric resolution can be simply described as the number of grey levels used to
represent the intensity of reflected or emitted electromagnetic energy in imagery collected by a
digital imaging system. Imaging sensors with low radiometric resolution generate imagery that
does not allow discrimination of objects wbose spectral response in the sensed wavelength varies
only slightly. Both Landsat  and SPOT,  the two commonly used earth resources imaging



satellites have sensing systems with 8 bit radiometric resolution, that is, they provide images
with 256 possible grey levels per pixel.

Spectral resolution denotes how well an imaging system defines wavelength intervals.
Spectral resolution is best presented in terms of how well the spectral  response curve of an
+ject or material esn be reproduced by an imaging sensor. A spectral response curve depicts
the percent reflectance or emittance  of a particular material or set of objects at different
wavelengths of the electromagnetic spectrum (Pigure  3). Well defined speotral  response curves
improve the ability to discriminate materials or objects of interest in digital imagery.

Spectral resolution is a function of three things,  bandwidth, band placement, and the
number  of bands (wavelength slices of the electromagnetic spectrum) that imagery will be
collected in If an imaging system has several broad bands, the spectral response of objects is
essentially smoothed: A broad range of reflectance values are reduced to one. On the other
hand, bands that are too narrow will not return sufficient energy to the sensor, and produce poor
signal to noise ratios. In terms of band placement, if a system has 20 bands, but they are placed
in regions of the spe&um where materials of interest have similar spectral responses, imagery
will have poor contrast, and discrimination of different vegetation or soils for example, would he
diffkult Band placement is critical to detecting and identifying features or materials of interest.
The number of bands an imaging system collects determines how well a spectral response curve
can be reproduced for a given material. Multispectral imaging systems are those that collect
imagery in more than one band of the electromagnetic spectrum. With numerous bands,
especially numerous narrow bands correctly located, it is improbable that major distinguishing
features of spectral response cUrVes will be missed.

How often imagery of a given target can be acquired is an additional factor important in
assessing the value of an imaging system and its products. Land&s (the American imaging
satellite series) for example, acquire imagery of any givea  target about once every 16 days
(reacquisition varies with latitude due to convergence of near polar orbits). SPOT’s (the French
satellite imaging satellite series) orbital parameters are such that nadir reacquisition occurs every
26 days. Off nadir pointing capability reduces reacquisition times for SPOT to about two days,
but the imagery is oblique. Generally, imagery can be acquired about once a month accounting
for cloud cover. If rapid changes in vegetation phenology  am of interest, this time span can be
inadequate. Further, in areas of the tropics, it is possible to bc “clouded out” for months at a
time. Cloud penetrating radars become useful remote sensing tools under  tropical conditions

It is obvious that the system resolution characteristics must be traded off by system
designers to produce satellite imaging systems that meet the needs of a broad range of scientists.
However, in attempting to meet the needs of the many, the needs of those with very specific or
unique applications are inherently sacriticed It is the researchers responsibility to chose the
imaging technology that best suits a given application, whether satellite or airborne platforms, or
visible, infrared or radar sensors. The consolation is that in the next five to 10 years a wide
anay of new instruments will become available providing enhanced research opportunities.
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Current Imaging Systems

A wide range of imaging technology is currently available to the scientilic  community.
There are in excess of one hundred different aerial camera systems with numerous lens and film
combinations. Aircrafl  can also be fitted with a range of digital imaging systems (radiometers
and imaging ywtrometers)  that cover all the common remote sensing windows. Airborne
RADAR systems in several wavelengths and resolutions are also available through numerous
contractors and federal agencies such as NASA.

Outside the realms of aerial photography and research, most resource related remote
sensing is performed using multisp&ral imaging systems on spacecrafi There are several
satellite platforms from several different nations that are currently vying for the still limited
resource imagery market The Japanese launched the Marine Observation Satellite (MOS-I),
and the Japanese Earth  Resourses  Satellite (JERS-I). The European Space Agency (ESA) has
launched the ESA Remote Sensing Satellite (ERS-I).  Imagery from the Soviet COSMOS series
of satellites is being marketed by Soyuzkar& The French operate the Systeme Probatoire
d”Observation  de la Terre (SPOT) imaging satellites. The United States, the pioneer in
spaceborne imaging systems, has commercialized the Landsat series of earth observation
satellites, and also acquires valuable imagery data from the Advanced Very High Resolution
Radiometer, a multispectral imaging system on board the TIROS-N  series of weather satellites.
The most commonly used systems for resource remote sensing are the Landsat satellites, the
SPOT satellites, and the AVHRR on the TLROS-N  satellites.

The first landsat satellite was launched in 1972. Imagery is currently acquired from
Landsat  4 and 5. Landsat  6 should be launched in late 1992. The current Landsat  satellites
contain two imaging systems, the Multispectral  Scanner (MSS), and the Thematic Mapper (TM).
The multispectral  scanner is a four band imaging radiometer with a nominal spatial resolution of
79 meters (Table 1). The thematic mapper, a seven band imaging radiometer has a nominal
spatial resolution of 30 meters (Table 1). It provides both better spatial and spccbnl  resolution
than the MSS, and better spectral resolution than SPOT (Table I)

SPOT imaging satellites contain two High Resolution Visible (HRV) imaging systems.
The SPOT satellite imaging systems are technically more advanced  than the Landsnt  systems.
SPOT has better spatial resolution and poorer spectral  resolution than Landsat. SPOT can
collect imagery in both a 20 meter spatial resolution, 3 band multispectral  mode, and a IO meter
spatial resolution panchromatic mode (Table 1). SPOT imagery is most commonly used on
projects requiring higher spatial resolution. It is possible to combine digitally the IO meter
spatial resolution SPOT data with the 30 spatial resolution Landsat  data and gain some of the
advantages of both systems.

The AVIIRR instrument is a five band imaging spectrometer that has proven quite useful
for very large area analysis (Table 1). While the spatial resolution of the AVHRR sensor is 1.1
kilometers at nadir, a single image can cover more than a third of the continental United States.
Examples of applications using imagery from this broad area sensor system include regional fire
fuels analysis, crop forcasting, and desertification  studies.



soil Spectral Charaeteristtes

Remote sensing can be applied to soils using one of two methodoIogies. The fust
involves interpretation by rrqxy. Vegetation, topography, and geomorphology can provide
useful clues to soil properties that cannot be studied directly using remote sensing techniques.
Remote sensing sensors see the land surface only. Even on bare soil visible and near infmed
radiation penetrate only one or two millimeters in fine textured soils. Penetration of longer
wavelength energy ,radar for example, is a timction of frequency, and soil moisture.

The second methodology involves the direct analysis of soils properties based on spectral
response. There are a number of properties that effect the spectral  response of soils and
consequently, their brightness in multispectral imagery acquimd by a satellites. Soil properties
effecting spectral response include mineral content, organic content, moisture content, and soil
structure and texture While each of these properties can be discussed individually, the spectral
response of a given soil in the field is a composite of all the properties. Field signatures can be
further muddled by the effect of vegetative cover.

Mineral and organic content can have a significant effect on the spectral response of soils
to wavelengths in the visible and infrared  regions of the electromagnetic spectrum. A
comprehensive collection of mineral spectra for particulate materials is available (Hunt and
Salisbury  ~1970,1971,1974)  (Hunt et al. 1971,1972,1973).  Spectral  analysis indicates that
quartz has high reflectance throughout the shortwave infrared region. Other primary minerals
are less reflective, and have spectra that contain absorbtion features due either to iron or
hydroxal content. Soils with gypsic mineralogy have been found to have the highest spectral
reflectance accross the visible and shortwave inbared regions, while montmorillonitic  soils had
the lowest average spectral response between  wavelengths of 0.52 and 1.0 micrometers (Stoner
and Baumgardner, 1980). In the same study, kaolinitic soils could be distinguished by an
absorbtion band near 0.9 micrometers. Soils typically exhibit lower spectral reflectance as iron
oxide content increases. An exhaustive study using over two hundred different soils identified
five basic soil spectral response curve forms in the 52 to 2.32 micrometer region of the spectrum
associated mainly with the iron and organic content (Stoner and Baumgardner, 1981) (Figure 4).

The effect of variations in organic content am most apparent primarily in the 0.7 to 0.75
micrometer region of the spectrum (P.J. Curran etal. 1990). Typically though, spectral
reflectance over the entire visible and shorhvave  iniked wavelength regions of the spectrum
decreases as organic content rises in the soil. Spectral retlectance.  of organic soils is a function
of decomposition. Poorly decomposed organic material will provide higher spectral reflectance
in the 0.6 and 1.4 micrometer wavebands than will soils with highly decomposed organic
material (Stoner and Baumgardner, 1981).

Soil moisture content effects both the magnitude of spectra) reflectance, and the shape of
the spectral response curves of soils (Figure 5). There is a negative relationship between soil
moisture and percent spectral reflectance from soils (Bowers and Hanks, 1965). In addition, as
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soil moisture content mcre~es.  water absorbtion features become more prominent in the spectral
response curves. Significant, broad, water absorbtion bands occur at 1.4 and 1.9 micrometers.
Moisture in soils has a distinct effect on the spectral response of soils in the thermal infrared
wavelengths. While the diurnal surface  temperature of dry soils will vary dramatically, soil
temperatures of moist soils are moderated as a result of the physical properties of water.
Consequently, relative to the radiance of%ckground soils, moist soils appear darker on thermal
infrarcd  imagery acquired during dayligtht  hours, and brighter on imagery acquried near dawn
Soil moisture also has a profound impact on remote sensing in the microwave region of the
spectrum. Long wavelength radar remote sensing systems have the capability to penetrate
extremely dry soils (soil moistures of one percent or less). Studies performed in desert regions
have demonstrated penetration of a few meters however, as soil moisture increases beyond 3
percent, penetration decreases to only a few eentimetets (Elachi,  1987).

Spectral reflectance increases, and the effect ofabsorbtion bands decreases as particle
size decreases in laboratory settings for transparent soil minerals such as silicates,(Salisbury  and
Hunt, 1968). For soil constituents that are opaque in the shortwave infrared region, the reverse is
true. The spectral response curves of soils with varying textures are typically dominated by the
effects of mineralogy  or in the case of clay soils. the effect of aggregation (Figure 6). It is
consequently possible for coarser sandy soils to appear brighter than tine textured clay soils in
imagery.

Vegetation cover has a signficant  effect on the spectral response of soils. Recall that in
digital images, the brightness value asscmziated  with each pixel is an integrated average of the
spectral response of all the materials the pixel contains. Studies have shown that vegetation
spectral  characteristics can clearly be distinguished at covers exceeding 10 percent (Siegal  and
Goetz, 1977) (Bentley et. al. 1976) (Short, 1982) (Figure 7). At vegetation covers exceeding 10
percent direct analysis of soil parameters by remote sensing platforms is difficult to impossible.

A wide range of applications in soil science utilize soil and vegetation spectral
reflectance and emittance  characteristics. Soil scientists have used the relative brightness
patterns of vegctaion and soils in aerial photography as an aid in soils mapping for decades.
Color and color infrared films have allowed scientists to add color and photographic irdiared
signatures to the repertoire of mapping tools. Soil unit boundaries generated from coarse spatial
resolution Landsat h4SS data (80 meters) have been shown to match those of field  survey
generated maps quite well (May and Petersen 1975). Studies have been performed that
correlate soil moisture characteristics with spectra!  soil classes, allowing soil unit boundaries to
be accurately mapped (Seubert et al.. 1979). Similar studies have been performed using the
Landsat  Thematic Mapper since 1984 (Thompson etaI.,  1984) (Seely  et al., 1984). Soil spectral
response has also been used to examine the effects oferosion in alfisols  @ata et al., 1984). The
list of potential examples of remote sensing applications seems endless, requiring hundreds of
bibliographic references. A list of general references is provided in the bibliography, and can
serve as a starting point for those interested in persuing  remote sensing.



Mapping Soils Using Satellite, Multtspectral  Remote Sensing Systems

Remote sensing in the form of air photo  interpretation, coupled with field work defines
the most commonly accepted methodology  for mapphp soils. Digital, multispectral  images
acquired by satellites are not intended to replace tbis tried and true metbodology. Multispectral
satellite imagery is used as an additional tool in the mapping process. Digital image analysis of
multispectral  images  can supplement traditional techniques by reducing some of the labor
intensive and variable work performed by tbe eye-b&  system in air pboto analysis, and some of
tbe time and effort expended in performing field work.

Soil unit boundaries derived using satellite, multispectral  remote sensing systems are
delineated using predominantly proxy evidcncc  of soil characteristics. Proxy cbamcteristics
include vegetation type, slope, slope aspect, and geologic information. Proxy evidence is most
commonly depended on because, espehlly  in forests, tbe spectral response of soils are masked
by overlying vegetation. A gmduated  approach  to soils mapping is adopted when  digital image
processing of multispectral  imagery is integrated Tbe unit boundaries tbat result from
multispectral analysis are refined witb standard pboto interpretation techniques, and assignment
of soil series to tbe mapped units will still depend on field work. It is field work, and often tbe
professional experience of resource professionals, tbat permit tbe development of relationships
between spectral response, ground cover, and soil series that are critical to tbe production of
quality maps.

Tbe production of a remotely sensed tbird order soil map follows a straight forward
process flow. Tbe process begins when  soil scientists and remote sensing specialists acquire
imagery of an area of interest and ancillary data such as digital elevation models, and existing
soils, vegetation, and geologic informatioe During this phase  of tbe mapping operation rbe
project team members become familiar with tbe study area, and learn as much as possible about
tbe relationships between tbe spectral responses depicted in tbe imagery, ground cover. and the
underlying soils. Landsat  Thematic Mapper imagery is generally tbe preferred form of imagery
for soils and vegetation mapping purposes because it has tbe best spectral resolution of cwrently
available sensor systems. Landsat  TM bands 7.5.4, and 3 tend to be most useful for soils and
vegetation mapping projects.

Afier  initial data bas been gathered tbe mapping process continues with the generation of
an initial soil unit boundary map. Tbe initial map may be generated  using eitber a supervised or
unsupervised classification technique. Tbe supervised technique requires tbe location and
documentation of field training areas. The training areas are chosen to represent tbe variablility
found within vegetation types, habitats, or soils of interest. ‘he spectral  responses of tbe
training areas as seen in the multispectral  imagery are used to digitally classify tbe entire image.
Tbe unsupervised classification approach is essentially tbe reverse of tbe supervised technique.
Unsupervised classification uses a cluster analysis approach  to define spectrally unique classes
witbin  tbe digital imagery. Tbe classes are mapped, and tbe resulting product is checked  in tbe
field to determine wbat physical features (vegetation typzs,  habitats, soils) tbe classes correspond
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to. Classes are then aggregated, deleted, or split iii tin process of completing e soil unit map. At
this stage it is often useful to integrate ancillary data layers to refine the spectral classification.
Ancillary data layers may include slope, slope aspect, temperature, precipitation, and geologic
data Ancillary data is generally integrated using a Geographic Information System (GE).

An accuracy assessment is performed after the initial map i^ ruoduced  not so much to
determine how good the map is, but rather, where it fails to match what field investigators see on
the ground. The accuracy assessment is performed by drawing e random, or stratified random
sample of pixels from the map, and developing an error matrix that compares the classification
results for each sampled pixel to what actually appears on the ground. The matrix provides
estimates of omission and commission errors by class, allowing investigators to assess which
classes and areas require boundary refinement using aerial photography or field reconnassiance:
The classification in addition to providing quantifiable mapping units becomes an aid for
developing e field sampling strategy, and an aid in survey stratification. This mapping process
can be repeated until it becomes apparent that additional refinement will not enhance the
interpretation of unit boundaries.

During the mapping process, soil pits are excavated, and soils analyzed using traditional
techniques to assign series names to the mapped units. Final map accuracies, as defined in the
error matrix will generally fall in a range of 75 to 85 percent. Per hectare cost estimates of soil
mapping efforts using multispectral imagery are not available. Cost estimates for old growth
forest mapping using a similar technique, however, are about on-third the cost of traditional
surveys. (Tepley and Green, 1991).

Forest Service Plans

Integration of remote sensing technology by the Forest Service is driven by the need to
provide and utilize increasing volumes of accurate resource information in an increasingly
timely manner. The Forest Service remote sensing program in the Southwest is in the early
stages of development. An imagery library is being acquired, personnel are being trained, and
equipment is being purchased in an effort to fully integrate remote sensing into the resource
management process. The Fores! Setvice  Geometronics  Group in the Southwest Region is
committed to developing vegetation maps for each regional national forest derived from Landset
data. Change detection work using Landsat data will be performed in the fall of 1992 to aid in
determining the impact of forest planning in the Zuni Mountains of New Mexico. Finally, in the
fall of 1992, multispectral imagery will be integrated into the Terrestrial Ecosystem Survey on
the Prescott National Forest. This will be the first attempt by the Forest Service to integrate
multispectral imagery into the soil mapping process in the southwest.
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Table

Table 1. A Comparison of Common Spaceborne Remote Sensing Systems

Imaging Instrument

Bands
(Wavelengths in
micrometers)

Pixel Size

Radiometric
Resolution

Repeat Coverage

Image  Dimentions

Thematic Mapper (lM):
Multispeotral
Multispectral
Soenner  (MS)

TM
1: 0.45 - 0.52
2: 0.52 - 0.60
3: 063 - 0.69
4: 0.76 - 0.90
5: 1.55 - 1.75
6: 10.4 - 12.5
7: 2.06 - 2.35

MSS:
1: 0.60-0.69
2: 0.60 - 0.70
3: 0.70 - 0.60
4: 0.60 - 1.10

Sands1  -587:
30 meters
Band 6: 120 meters

256 *rey levels
(6 bit)

16 days

165kmX17Okm

2. HiOh  Resolution
Visible (HRV)
Imaging Systems

Multispeotral  Mode:
1: 0.50 - 0.59
2: 0.61 - 0.66
3: 0.79 - 0.69

Panchromatic Mode:
1: 0.51 - 0.73

Multirpectrel  Mode:
20 meters,
Panohromatic  Mode:
lOMeters

256 Qrey tevels
(6 bit)

26 days for nadir
2 days for oblique

6OknlX6Okm

Advanoed Very High
Resolution Radiometer

1: 0.56-0.69
2: 0.725 - f.10
3: 3.55 - 3.93
4: 10.3-  11.3
5: 11.5-  12.5

1.1 km at nadir
4.0 Ion at frame edge

1024 Qrey  levels
(9 bit)

About2days

2,700 km swath
width, length  varies



Figure Captions

Figure  1. The t:.lectromagnetic  Spectrum

Figure 2. Atmospheric Windows: Band widths of the electromagnetic spectrum where
atomospheric  absorbtion  by water, carbon dioxide, ozone, and other constituents is minimal

Figure 3. Spectral Response Curves: A spectral response curve graphs parcent  reflectance
against wavelength. The diagram illustrates the average spectral response curves for vegetation,
soil, and turbid water.

Figure 4. The diagram (after Stoner and Baumgardner,  1981) depicts the five basic forms of
soil spectral response curves. Curve 1: Soils having organic matter content in excess of two
percent, and tine texture. Curve 2: Soils having organic  matter content less than two percent,
and iron oxide content less than one percent. Curve 3: Soils having  organic content less than
two percent, and iron oxide contents between one and four percent. Curve 4: Soils having
organic eontent  exceeding two percent., iron oxide contents less than one percent, and medium to
coarse texture. Curve 5: Soils having iron oxide content in excess of four percent, and fine
texture.

Figure 5. Spectral response curves showing variation in spectral response in Newtonia Silt
Loam  resulting from increasing soil moisture contents, after Bowers and Hanks, 1965

Figure 6. Spectral response curves for sand, clay, and loamy soil textures. Curves reflect  the
spectral response of differing mineralogy  as much as differing texture.

Figure 7. The graph shows the effect of increasing vegetation cover on spectral response. Note
the marked transition from the more or less typical soil spectra1 response curve for vegetation
covers of less than 10 percent to the well defined vegetation spectral response curve for
vegetation cover greater than IO percent. After  Short, 1982.
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RECENT DEVELOPMENTS IN SOIL TAXONOMY
Soil Classification Staff

June, 1992
Bob Ahrens, SCS

During the past year the chairs from 3 international
committees; ICOMAQ, ICOMOD, and ICOMERT; submitted their
recommendations to Dr. John Witty, National Leader for Soil
classification. The charges and summary of the major
changes from each committee are outlined below.

ICOWAQ

The International committee on Aguic Moisture Regime
(ICOWAQ) was established in 1982 and chaired initially by
Frank Floormann, then by Johan Bouma (since 1985). The main
classification problems which the committee undertook to
solve vere the inadequate definition of the term aguic soil
moisture regime, the lack of distinction betveen soils with
perched and ground watertables, and the question of wetness
induced by rice culture (paddy soils).

The following is a summary of the major changes in
terminology proposed by ICOWAQ that will be implemented by
the soon to be released amendment, NSTH issue 16:

1. The concept of aguic conditions will replace that of
the aguic moisture regime. Aguic conditions in a soil or
horizon require saturation, reduction, and redoximorphic
features. The new term aguic conditions has a wider
range of application than the term aguic moisture regime
and will be used extensively in Soil Taxonomy.

2. Use of the term mottles that have chroma of 2 or less
will be discontinued, and so is the use of the term
mottles, with few exceptions: The following terms are
introduced as replacements:

a.' Redoximorphic features , which essentially includes
all wetness mottles:

b. Redox concentrations, which are concentrations of
Fe and Mn and include the high-chroma wetness mottles:

c. Redox depletions, vhich represent low-chroma
wetness mottles (mottles vith a chroma of 2 or less)
where Fe and Wn have moved out: and

d. Reduced matrix, which represents reduced soil
materials that change in color when exposed to air.

3. The new term endosaturation means the saturation of a
soil with water in all layers from the upper boundary of



saturation to a depth of 200 cm or more from the mineral
soil surface.

4. Episaturation means a saturation with water of one or
more layers above a depth of 200 cm from the mineral soil
surface in a soil that also has one or more unsaturated
layers below the saturated layer.

5. The term anthric saturation characterizes a variant of
episaturation which is associated with controlled
flooding, e.g., of rice paddies.

Also included are changes in criteria for acid sulfate
soils. Although ICOMAQ has not emphasized the revision of
acid sulfate soils, Circular Letter No. 4 presented an
update following the third International Symposium on Acid
Sulfate Soils held in Senegal in January of 1986. The
revisions included in this amendment were reviewed by the
International Symposium on Acid Sulfate Soils held in Ho Chi
Minh City, Vietnam, in February of 1992, and included in a
paper "Fanning, D.S., and J.E. Witty. 1992. Revisions of
Soil Taxonomy for acid sulfate soi1s,1@ which was presented
by Fanning at that symposium.

The International Committee on Spodosols (ICOMOD) was
established in 1981 and chaired initially by F. Ted Miller,
then by Robert V. Rourke (since 1986). The committee's
mandate was to:

1. Evaluate chemical criteria for defining spodic
horizons:

2. Evaluate thickness requirements;

3. Improve the classification of Aguods:

4. Propose criteria that would adequately distinguish
Spodosols from Andepts (Andisols); and

5. Recommend changes in the classification of Spodosols
and define appropriate taxa as well as the diagnostic
properties required for their definition.

The following is a summary of the changes proposed by the
committee that will appear in the next National Soil
Taxonomy Handbook issue.

1. The new criteria adds emphasis to the spodic
morphology. Most soils presently classified as Spodosols
will meet the new morphology, pH, and organic carbon
requirements.
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2. The albic horizon is used to separate most Spodosols
from Andisol::.

3. Spodic ma?:erials are introduced to allow more
flexibility Jon defining the spodic horizon.

4. Iron and aluminum extracted by ammonium-oxalate rather
than pyrophosphate and dithionate-citrate are used for
the chemical criterion.

5. The "Al1 great groups of Aguods and Orthods are added
to capture the soils with low ammonium-oxalate-
extractable iron contents.

6. The suborder of Cryods is added and **Trap@' great
groups are dr.leted.

ICOMERT

The International Committee on Vertisols (ICOMERT) was
established in 1980, with Juan Comer-ma serving as chair.
The objectives cf the committee were to:

1. Identify those criteria in the classification of
Vertisols th:.t have resulted in taxa with misleading or
vague definitions or very few identifiable soils;

2. Propose i;:.L>rovements  in the classification of
Vertisols, ccnsidering both genetic and practical
implications: and

3. Test the proposals and submit recommendations to the
Soil Conservation  Service for improving the
classification of Vertisols in Soil Taxonomy.

The following i a summary of the major changes proposed by
ICOMERT and tha: will appear in the next amendment to Soil
Taxonomy:

1. Establish.::?;?t of two new suborders, Aguerts and
Cryerts, and their respective great groups and subgroups:

2. 1ntroduct:on of new great-group and subgroup criteria
to provide better interpretive groupings:

3. Eliminatic-. of the pell and chrom great groups because
of the questionable value of the resulting classes: and

4. Redefinition of the vertic subgroup criteria to
include more soils with high shrink-swell potential.



In addition to the changes mentioned above, the 5th edition
of '*The Keys to Soil Taxonomy I' has had an English edit and
should be easier to use. The 5th edition should be
available in the fall.

other Committees

The International Committee on Aridisols (ICOMID) has
submitted their recommendations to John Witty. The Soil
Classification Staff will evaluate these recommendations
later this summer and early this fall. The International
Committee on Families (ICOMFAW) made excellent progress this
spring and should have their final recommendations available
in about a year. The International Committee on Soil
Moisture and Temperature Regimes (ICOWWOTR) has one of the
biggest challenges and has made good progress. However,
this committee will need a couple years to complete their
task.
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Status of Policy on Hydria soils and Wetlands
Prepared by

Maurice J. Mausbaah

Presented by
Lawson D. Bpivey, Jr.

to the West Regional Cooperative Soil Survey Conference
June 25, 1992

Intro&ration: I find myself repeating things when reporting on
hydric soil and wetland issues. One of the things I keep saying
is that the hydric soil definition and criteria are a continuing
issue especially with respect to the public comment on the
Federal Manual for Identifying and Delineating Jurisdictional
Wetlands. Special interest groups on both sides of the wetlands
fence are keenly interested in how we in the National Cooperative
Soil Survey (NCSS) manage and control the quality of the hydric
soil lists. Some groups just plain do not trust us. Other
groups are very interested in the scientific basis for the hydric
soil definition and criteria and will perhaps challenge the
National Technical Committee for Hydric Soils (NTCHS). In this
report, I will discuss a brief history, organization, and
activities of the NTCHS,
soils,

some current issues concerning hydric
and some issues on the Federal Wetlands Manual and our

agency's National Food Security Act Manual.

Background: The Soil Conservation Service (SCS) began work on a
hydric soil definition in 1977 at the request of the Fish and
Wildlife Service (FWS). Blake Parker, a soil scientist, was
working with FWS to develop a definition of hydric soils. Keith
Young was assigned the task to work with Blake on developing a
definition of hydric soils and a list of hydric soils for use in
the FWS National Wetlands Inventory. From 1977 to 1981
definitions were developed and tested in field studies. In 1981
the NTCHS began as an ad hoc group,with the charge to develop a
definition and criteria for hydric soils and a list of hydric
soils. Dr. Guthrie chaired the group which consisted of Keith
Young, Blake Parker, Keith Schmude, Carl Thomas, Arville touchet,
Paul Johnson, and Del Fanning. In October of 1981 the first
national list of hydric soils was distributed far state and NTC
review. This list generated many comments both from SCS and the
Land Grant Universities.
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In early 1985 the present National Technical Committee for Hydric
Soils was organized by the SCS Deputy Chief for Technology and
the Corps of Engineers (CE): Environmental Protection Agency
(EPA), and FWS were invited to assign permanent members to the
committee. Dr. Guthrie also invited experts from the university
community to join the committee. Keith Young replace Dr. Guthrie
as chair of the NTCHS shortly after the committee was formed. It
was under his leadership that the criteria were developed. In
1985, I replaced Keith as chair.

In 1985 congress passed the Food Security Act (FSA) which cited
the hydric soil criteria as part of the definition of wetlands as
part of Swampbuster legislation. Also in 1985, the committee
published the first edition of Hydric Soils of the United States.
The NTCHS published the second edition in 1987 and the third
edition in 1991. The 1987 wetland manuals of the CE and EPA also
required the use of hydric soil lists.

National Technical Committee for Hydric Soils: The NTCHS is an
interagency, interdisciplinary committee. Its functions are to:

- Develop and improve hydric soil definition and criteria
- Publish a national list of hydric soils
- Respond to comments on hydric soil criteria
- Provide technical consultation on hydric soils to other

technical groups
- Investigate new technology for defining hydric soils

The committee representation includes 7 from the Soil
Conservation Service (SCS), 5 from universities, and one each
from EPA, FWS, CE, Bureau of Land Management (BLM), Forest
Service (FS), and a private consultant. Of the 18 total members
we have 13 soil scientists, 4 biologists, and 1 engineer. The
SCS members include:

- Maurice Mausbach (Chairperson)
- Ray Miles (West representative)
- C. L. Girdner (Midwest representative)
- De Wayne Williams (South representative)
- H. Chris Smith (Northeast representative)

(State soil scientist representative)
- Billy Teels (National Biologist)

The other members are:
- D. Fanning, University of Maryland
- Richard Guthrie, Auburn University
- w. Patrick, Jr., Louisiana State University
- R. W. Skaggs, North Carolina State University
- J. Richardson, North Dakota State University
- P. Reed, FWS
- R. Theriot, CE
- w. Sipple, EPA
- c. Voigt, BLM
- P. Avers, Forest Service
- w. Blake Parker, private consultant



I
1
I
I
I
I
I
,I
I
I
I
I
I
I
I
I
I
I
I

3

The committee is chaired by SCS. Committee membership has
gradually grown to the present 18. Avers, Voigt, and Richardson
have been added in the past year.

The committee usually meets once a year to review comments on the
hydric soil definition and criteria. They often meet in an area
to study hydric soil issues in the field. The next meeting is
scheduled for Fargo, North Dakota in August. The committee will
tour the hydric soil research sites in the pothole area.

Hydric soils: The most recent changes in the hydric soil
criteria added frequency to the saturation criterion to require
frequent saturation (more than 5 out of 10 years). This change
matches frequency criteria for flooded and ponded soils.
Duration for saturation was increased to more than two weeks
during the growing season. This change reflects current research
that shows, on average anaerobic conditions occurring after 10 to
20 days of continuous saturation. These changes do not affect
the list of hydric soils as our soil property record is not
specific enough to distinguish between 1 or two weeks of
saturation. The NCSS definition of a seasonal high water table
is:

"A zone of saturation at the highest average depth
during the wettest season. It is at least 6 inches
thick, persists in the soil for more than a few weeks,
and is within 6 feet of the soil surface."

The NTCHS revised the criterion for depth of water table in sandy
soils to occur above 0.5 feet instead of 1.0 feet. Sandy soils
have sand, coarse sand, or fine sand textures in the upper 20
inches. This requires the water table at the surface for these
sandy soils. This change is supported by the thickness of the
capillary fringe in these soils. The major affect of this change
is for sandy soils on the lower Atlantic~Coastal  Plain.

The current hydric soil definition and criteria are given in the
appendix. The SCS publishes a national list of hydric soils for
the United States. The list is computer generated by matching
the criteria to soil properties on the Soil Interpretations
Record (SIR). Soils are added and deleted from the national list
only buy changing the estimated properties on the SIR. The
national list contains taxa at the series level of Soil Taxonomy.
The third edition was published in June 1991. This publication
is in high demand by wetland delineators and other users of the
information. This national list is maintained on computer file
and can be subdivided by state.



4

The local or field office lists of hydric soils are the most
specific for use in wetland determinations. They are generated
using the specific information in the state soil survey database
for the soil survey area by matching the criteria with soil
properties of the map unit components. The software also allows
for adding information about included soils. The lists contain
information on the landscape position of the hydric component of
the map unit. It is extremely important that the soil property
records for components of map units are of the highest technical
quality because these lists are coming under extreme scrutiny.

Hydric soil issues: The major issue for hydric soils is our
quality control and quality assurance procedures on the soil
properties used in the hydric soil criteria as they reflect
changes in the hydric soil lists. I emphasize that we must
document any changes that affect a soil either being added or
deleted from the list of hydric soil map units or hydric soil
series. The NTCHS has a subcommittee drafting proposals for the
kind and amount of documentation. I know that Florida has
already developed a system to track and document changes in
hydric soils. I believe the South National Technical Center has
circulated this system to all states for comment. Other National
Technical Centers (NTC's) are doing the same. We have been asked
by outside groups to monitor these changes at the National level,
but have been able to respond that our NTC's and National Soil
Survey Center Quality Assurance staffs are performing this
function.

Some individuals are suggesting that the NTCHS publish changes in
hydric soil criteria in the Federal Register for public comment.
We presently file notice of~chanqe. We have been able to thwart
these suggestions but the pressure remains. These same
individuals think we should publish for public comment changes to
the lists of hydric soils. It is extremely doubtful that this
will happen, but if it did it would impact most of what we do in
soil survey. Because of these issues, we must be extremely
attentive to our quality assurance of the soil property record
and of changes to the hydric soil lists.

The NTCHS continues to review our understanding of soil processes
in wet soils. The period of saturation, flooding and pondinq
necessary for a soil to become anaerobic is a crucial issue. In
this respect, I am working with Dr. Jimmy Richardson, North
Dakota State University, to review the literature on the
biogeochemical processes in wet soils. One of my goals is to
develop a generalized kinetics framework from which to deal with
time needed to develop anaerobic conditions. Major factors are
organic matter content, soil temperature, soil wetness
characteristics, pH, and the kind of organic matter available to
the microorganisms.
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Depth to water table and saturation in the capillary fringe are
continuing issues with the hydric soil criteria. Saturation in
the capillary fringe is part of the current water table
definition. The criteria now read that water tables are less
than a certain depth such as 1.5 feet. By our database
convention, this in fact means that the water table is at 1.0
feet, because we only record water table depths by 0.5 foot
increments. There is a difference of opinion as to the capillary
fringe and development of anaerobic conditions. There are some
reports in the literature of reducing conditions in the wetter
part of the capillary fringe.

In an effort to resolve some of the issues, the SCS in
conjunction with the CE has extended the wet soils research
projects.

In addition to the sites in Louisiana and Texas, we are
contracting with Dr. Richardson, North Dakota State University:
Dr. Huddleston, Oregon State University: Dr. Ping, University of
Alaska: Dr. Franzmeier, Purdue University; and Dr. Veneman,
University of Massachusetts to study water tables, oxidation
reduction potentials, and other soil processes. The information.
will help in understanding soil processes in these wet soils,
help to support or refine hydric soil criteria, and assist in
defining aquic conditions in soils. The study in Alaska will
also help refine biological zero in cold soils.

Federal Wetlands Manual: The first edition of the Federal Manual
for Identifying and Delineating Jurisdictional Wetlands was
published in 1989. During 1990 the CE and EPA held a series of
public hearings on the manual. The interagency committee
responsible for the manual has redrafted the manual addressing
the concerns of the public and wetland delineators. The revised
manual was then revised by the National Council for
Competitiveness which is chaired by the Vice President. These
revisions were then published in the Federal Register for public
comment. We received over 80,000 comments, which the EPA is now
summarizing. The interagency technical committee is reviewing
the technical comments and are making technical recommendations
to the Vice Presidents committee on the Federal Manual. The
soils section of the Federal Manual needs major revisions
regardless how the hydrology criterion develops.

Changes in the 1989 manual include:

- The hydrology criterion is separate from hydric soils
and requires 15 days of inundation to the surface
and/or 21 days of saturation at the surface.



- The growing season for hydrology is the interval
between 3 weeks before average date of last killing
frost in spring to 3 weeks after average date of first
killing frost in fall.

- Specifies the use of hydric soils criteria and
minimizes the use of hydric soil (morphological)
indicators but requires field verification of hydric
soils.

- Emphasizes that all three criteria must be met for an
area to qualify as wetland.

- Allows for the use of wetland hydrology indicators to
determine hydrology under certain circumstances.

The hydrology criterion remains the major stumbling block and it
is anybody's guess at what it will be. I can guarantee you that
it will be different from what we are presently using in the
National Food Security Act Manual (NFSAM).

The wetland delineation community has asked us to develop wetland
hydrology (hydric soil) indicators for saturated soils.
Hydrology from saturation is the most difficult criterion to
measure and evaluate in the field. Measurements must be made
over a multiyear period when weather is close to normal.
Therefore,. soil characteristics that correlate to wetland
hydrology are extremely important in identifying wetlands in the
field. We started out by trying to have a national list of
indicators, but have now decided to develop lists of indicators
on a regional or perhaps a state basis with the NTC's monitoring
their development and approving the use of the indicators.
Florida has set develop an excellent set of indicators which may
work in other states. One of the key problems in developing
indicators is that non soil scientists use and sometimes misuse
of them. Most of the indicators are very technical and require a
soil scientist's expertise. It is my believe that one of the
main problems with the 1989 Federal Wetlands manual was the
misuse of the hydric soil indicators.

summary: Hydric soil and wetland issues are at the forefront,
politically and scientifically. We in the National Cooperative
Soil Survey are being asked to better quantify are information on
soil saturation, flooding and ponding and to further develop our
knowledge on genetic soil processes in wet soils. We must
develop documentation to support our technical decisions to
change soil properties that impact the hydric soil status of a
soil series or map unit delineation. We must also have quality
assurance and quality control procedures in place and operating
to be able to respond to public question on the changes in the
lists.
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APPENDIX
DEFINITION OF HYDRIC SOIL

A hydric soil is a soil that is saturated, flooded, or ponded
long enough during the growing season to develop anaerobic
conditions in the upper part. The following criteria reflect
those soils that meet this definition.

CRITERIA FOR HYDRIC SOILS

1. All Histosols except Folists, or

2. Soils in Aquic suborder, Aquic subgroups, Albolls suborder,
Salorthids great group, Pell great groups of Vertisols, Pachic
subgroups, or Cumulic subgroups that are:

a. Somewhat poorly drained and have a frequently occurring
water table at less than 0.5 ft from the surface for a
significant period (usually more than 2 weeks) during the growing
season, or

b. poorly drained or very poorly drained and have either:

(1) a frequently occurring water table at less than 0.5
ft from the surface for a significant period (usually more than 2
weeks) during the growing season if textures are coarse sand,
sand, or fine sand in all layers within 20 in , or for other
soils

(2) a frequently occurring water table at less than 1.0
ft from the surface for a significant period (usually more than 2
weeks) during the growing season if permeability is equal to or
greater than 6.0 in/h in all layers within 20 in, or

(3) a frequently occurring water table at less than 1.5
ft from the surface for a significant period (usually more than 2
weeks) during the growing season if permeability is less than 6.0
in/h in any layer within 20 in, or

3. Soils that are frequently ponded for long duration or very
long duration during the growing season, or

4. Soils that are frequently flooded for long duration or very
long duration during the growing season.

Revised NTCHS g/27/90
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GLOBAL CHANGE

by
Deborah Ulinski Potter, M.S

USDA Forest Service

Most people associate global :hange with climate change. Or perhaps others
think of ozone layer depletion in the stratosphere. The ecope of global
change, however, is much broader. Current trends such as decreasing
biodiversity, continuing acid deposition, deforestation, population growth,
soil and coastal erosion, waste generation and disposal, and desertification
are all aspects of global change. The cumulative and synergistic effects of
these changes on ecosyfitems,  however, are poorly understood.

QLOBAL CHAWGE RBSRARCN PROGRAMS
It is essential to study global change at various scales (i.e., local, regional
and global) in order to understand potential impacts to ecosystems and human
interactions. Global concerns are currently being addressed primarily at the
international and national levels. Although global predictions vary in
reliability, the uncertainty of regional effects is high due to a lack of
refined models or other predictive methods.

International Bfforts
The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by
the United Nations Environmental Program and the World Meteorological
Organization. A recent report summarized the state of knowledge regarding
global change (Houghton et al. 1990). The United States National Academy of
Sciences, Committee on Global Change, is part of a program called the
International Geosphere-Biosphere Program (IGBP). The IGBP was established in
1986 by the International Council of Scientific Unions to study the
biogeochemical processes of the biosphere, and is the primary coordinating
organization at the international level (Committee on Earth Sciences 1989).
Additional international efforts are through the World Climate Research Program
of the World Meteorological Organization and other intergovernmental bodies
(ibid).

The recent "Earth Sumnit," formally known a8 the United Nations Conference on
Environment and Development WNCED) , .addreeeed  eeveral  aspects of global
change. One product wae the endorsement of 27 principles known as "The Rio
Declaration." An environmental action plan, "Agenda 21," specifies ways to
promote energy efficiency and sustainable economic development. Another
product was two treaties: the Biodiversity Convention to protect indigenous
species; and the Climate Convention of policies to control carbon dioxide
emissions.

The United States was the only nation to refuse to sign the Biodiversity
Convention, and demanded the removal of all goals and timetables to ptabiliee,
but not reduce, carbon dioxide emissions before signing the Climate
Convention. On a more positive note, the President announced an international
and cooperative "Forests for the Future Initiative" to conse~e and sustain
forest re6o"rces. It is primarily a program of financial assistance and
voluntary partnerships to stop global deforestation in the next few decades.



There was no discussion of problems directly associated with population growth
at the Earth Summit, despite the fact that over five billion people have
occupied the earth since 1987. Scientists such as Paul Ehrlich postulate that
the planet has already approached or exceeded its carrying capacity.
Population is projected to increase to approximately 10 to 14 billion by the
middle of the next century.

ys Efforts
The U.S. Global,Change  Research Program involves many government agencies,
academic institutions and the private mector,  and is coordinated by the
President's Office of Science and Technology Policy. The main committee of the
Federal Coordinating Council on Science, Engineering and Technology (FCCSET)
responsible for global change planning and coordination is the Colmnittee on
Earth Sciences. The research objective is to monitor, understand, and predict
global change so that resulting information can be used as the basis for policy
decisions (Committee on Earth Sciences 1989).

The Sustainable Biosphere Initiative of the Bcological  Society of America was
announced in 1991. It focuees  on the ecological aspects of global change and
sustainability. Three principle concerns are global change, biological
diversity, and sustainable ecological eyeterns  (Lubchenco  et al. 1991).

pesional  Effort6
Global change results in varying regional effects and priorities. However.
little information is currently available on the regional impacts of global
change. An interdisciplinary group known as the Rio Grande Basin Consortium
~a6 organized through the University of New Mexico Department of Biology in
1990 to provide a network for sharing information and to develop the Rio
Grande basin 8s a regional study site for global change. It is postulated that
the effect of climate change would be detectable early since four biomes meet
within the basin and form ecotonal  edges that are highly sensitive to change.
These biomes are the Chihuahua" Desert, Mountain Conifer Woodland, Great Plains
Grassland, and Great Basin Shrub Steppe (Risser  1990).

Several hypotheses of the effects of climate change on the Rio Grande Basin
have been presented (Rio Grande Basin Consortium 1990, unpublished comm.):
1. different stream precipitation quantity and temporal distribution;
2. changes in stream  flow quantity and quality;
3. changes in water availability that will affect water supply, laws and
both interstate and international compacts;
4. effects on demographics, land we patterns, and other social factors;
5. economic impacts; and
6. a northward shift in the distribution of the four biomes of New Mexico.

A study by the National Academy of Sciences showed that a two degree Celsius
temperature increase and a 101 decrease in precipitation in the Rio Grande
Basin may result in a 76t decline in runoff (National Academy of Sciences 1983;
Thomson and Thompson 1991.1 Such change would not only affect ecosystems, but
impart political, economic, institutional and social consequences. The Rio
Grande is also unique in that it divide6 an industrialized and developing
nation. Thus, understanding the human dimension of climate change is an
important aspect of the Consortium.
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The Consortium sponsored an upper basic conference in June 1990, and is
supporting a combined conference with Mexico's El Colegio de la Fronterna  Norte
ICOLEF), the Lower- Rio Grande  Research Project of the Houston Advanced Research
Center, the University of Texas at El Paso's Binational Water Policy Institute.
and the University of New Mexico. The purpose of the meeting is to discuss how
global change will affect the Rio Grande/Rio  Bravo basin and to identify
innovative processes for sustainable development. The Consortium also hopes to
participate in a new project of the Scientific Committee for Problems on the
Environment (SCOPE)  that is being initiated at seven regional workshops.

porestr
The Forest Service Global Change Research Program views global change as a
resource issue. The fundamental research goal is to understand, monitor and
predict the impacts of atmospheric change on forest ecosystems. The program is
divided into four geographic regions to develop and implement detailed plans
for monitoring and modeling: the Northern, the Southern, the Interior West and
the Pacific Coastal Region.

At the National level, the Forest Service Global Change Program has four
program elements. These are: atmosphere/biosphere interaction; disturbance
ecology; ecosystem dynamics; and human interactions with natural resources.

The Interior West Global Change Program, headed by Douglas Fox, Rocky Mountain
Forest and Range Bxperiment  Station, has identified their areas of concern, as
follows:

1. 'Terrestrial vegetation, life histories and distributions and community
compositions;

2. Water quality and quantity, erosion and sedimentation;
3. Energy and biogeochemical cycles;
4. Aquatic ecosystems and wetlands;
5. Insects, pathogens, and microbes;
6. Fire severity and occurrence; and
7. Wildlife and domestic species" (USDA Forest Service 1990).

The program includes cooperative research that integrates effects of global
change at various scales through an interagency laboratory for Terrestrial
Ecosystem Regional Research and Analysis (TERRA). The objectives of the TERRA
lab are to "establish an inter-agency land processes laboratory; improve the
description of land processes in General Circulation Models; understand the
role of terrestrial processes in climate change; assess land changes at the
regional level; and employ an interdisciplinary systems analysis approach"
(watts 1991).

The Rocky Mountain Forest and Range Bxperiment  Station also conducts research
at the Glacier Lakes Ecosystem Experiments Site (GLEES) in Wyoming to evaluate
how alpine and subalpine ecosystems may respond to climate change (Musselman
and FOX 1991a).

SCIENTIFIC FINDINGS
Information from the international and national global change programs, and
findings from academic institutions are rapidly becoming available. Broad

3

71



I

scientific findings for sir global change issues identified in the introduction
are discussed below.

Atmospheric Concentration of Greenhouse Gases
Other than water vapor, the most important atmospheric gases that affect the
Earth's surface temperature are as follows: carbon dioxide (49%); methane, a
mote effective greenhouse gas than CO for global warming (IQ%);  chloro-
fluorocarbons (14%); nitrous oxide (6 f ); and various trace gases such as
nitrogen oxides (13% total) U?ASP 1990). Activities that contribute to global
warming include energy use and production (57*),  release of CFCs  (1751,
agricultural practices (14%). and land use modification (9%) (ibid).

It is widely accepted by the scientific c-unity that the atmospheric carbon
dioxide concentration will double from 300 to 600 ppm within the next century
due to fossil fuel combustion, industrial and agricultural activities
(Schneider 1989; Godish  1993). Many studies indicate that the anthropogenic
inputs of these gases may have already caused significant atmospheric changes
since the industrial revolution. The current estimate is that carbon dioxide
levels have increased 25% since 1850 to over 350 ppm, and the rate of increase
has accelerated over the last thirty years (U.S. EPA 1988, Council on
Environmental Quality 1989; Godish  1991). Similarly, methane concentrations
have doubled since the early 19th century to approximately 1.70 ppm (Godish
1991).

Ice cores from Greenland's ice caps contain trapped air bubbles that have been
analyzed for carbon dioxide concentrations. These stacked ice layers contain a
record of the atmosphere for 160,000 years. An analysis of the Vostock ice
core shows increasing carbon dioxide concentrations from less than 280 ppm in
the 1700's to 350 ppm today (NASP 1990; Barnola et al. 1987). Actual
measurements over the last century show an increase in carbon dioxide, nitrogen
oxides, methane and CPC concentrations, global temperatures, and deforestation
(NASF 1990, Council on Environmental Quality 1989).

Global Climate Chanse
Climate change reflects the combined effect of natural and athropogenic
factors. Natural factors that influence climate include volcanic eruptions and
the El Nina-Southern Oscillation (ENSO) events. The eruption of volcanoes such
as Mt. Pinatubo  or MC. St. Helens generates a cooling effect on climate because
particles ejected into the atmosphere scatter light and impede incoming solar
radiation. Conversely, the El Nina-Southern Oscillation generates a climate
warming effect due to increased ocean temperatures. Although the El Nino
corresponds to some warm years in the 1980's, 1990 was a normal year yet higher
than average temperatures still occurred.

El Nino events are driven by the weakening of trade winds and dominance by the
Westerlies that move warm water from the Western Pacific toward the Eastern
Pacific, causing surface temperatures to increase across the ocean. These warm
currents are detected along the coast of Peru  around Christmas time. In a
normal year, the trade winds force warm waters toward the Western Pacific
Ocean, and maintain cooler surface temperatures in the cental  and eastern
Pacific. The Southern Oscillation is characterized by fluctuating barometric
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pressure over the Pacific Ocean, During El Nino events, barowetric  pressure
falls. When opposite conditions occur, i.e., unusually cold surface waters in
the middle of the Pacific Ocean end b corresponding rise in barometric
pressure, this is called e La Nina year (Molles  and Dehm 1990).

In the southwest, increased precipitation volume and changes in precipitation
quality are associated with El Nina-Southern Oscillation (ENSO) events; The
southwest experiences a wet spring end fall during en El Nino year, while the
consequence for the Pacific Northwest is drought. Areas within the southwest
that are affected include the Rio Grtide  Valley, the Gila River Basin, end
southeastern Arizona. High precipitation El Nino years also bring greater acid
precipitation inputs end less dry deposition of alkaline duet. Conversely, La
Nina episodes may bring less moisture, winter-spring drought and a higher
incidence of forest fires to affected areas of the southwest. During El Nino
years spring runoff in the Gila and Pqxs Rivers is two to three times higher
then average, end six to seven times higher then during La Nina years  (Molles
end Dahm 1990).

The anthropogenic  contribution to global warming is known as the enhanced
greenhouse effect, or increased absorption of infrared radiation emitted by the
earth's surface. In this context, global warming is the predicted result of
activities such as fossil fuel cunbustion  end deforestation which produce
greenhouse gases. Accordingly, the lower stratosphere will become cooler as
the troposphere (lower atmosphere) warms. Greenhouse warming is one of several
factors concerning global climate change. Related climate changes include
variations in the timing end distribution of precipitation, as well as
variations in humidity, soil moisture, cloud cover and evaporation.

Global temperatures have been estimated by at least four methods. These
include: 1) lend-based surface temperatures of the Earth "sing thermometers,
2) extrapolations that include both land end ocean surface temperatures, 3)
satellite measurements of the troposphere end StratOSphere  using radiometers,
end 4) balloon measurements of temperatures in the troposphere. A current
warming trend based on data from the earth's surface is demonstrated by six of
the seven warmest years in the 140 year record occurring between 1980 end 1990
(Monastersky  1991). Currently, 1990 is the hottest year on record, end 1991
had the second warmest (land-based) global average surface temperature. This
represents e 0.5C warming in the lest century (Monastersky  1991). Subsequent
drought end crop failure brought national attention to the global warming issue
(KASF 1990). Initially 1991 we8 very warm but cooled during the second half of
the year, partially due to the eruption of Mt. Pinatubo in the Philippines that
June. In addition, the highest $roooso~  temperatures have been recorded in
1988 end 1990 "sing balloon measurements at 63 sites while 1991 is the fourth
warmest year (Monastersky 1991, 1992a). Calculstions  that include ocean
surface temperatures in addition to land-based measurements show (I record 0.39~
temperature rise above normal  in 1990 (Kerr 1991).

Not all scientific estimates of global temperature support global warming.
Satellite data for the mid-troposphere end lower stratosphere has been
collected since 1979 "sing radiometers (Spencer and Christy 1990). Preliminary
analyses indicated that no long-term warming trend was detectable, but the data
were skewed by the short record length and the 1983 end 1987 ENSO events.

5

7.3



Although climatologists can not conclusively link the indications of gl&al
warming to greenhouse gases (Kerr 1991). "international scientific opinion
strongly supports the reality of this enhanced greenhouse effect" based on both
land and sea-surface temperatures (Nonastersky  1991, 1992b33.

Perhaps the moat frequently cited response to rising temperature is a sea level
rise due to thermal expansion and glacial melting. It is e,etimated that the
rate of sea level rise will be (Lt least 0.5 to 2.0 m by 2100 (Smith and Tirpak
1988). Very recent signs of global warming have been found in the rapid
shrinking of high-mountain glaciers in the tropics and temperate areas (Table
1). A study of oxygen isotopes representing a five hundred year record for the
Quelccaya Ice Cap in Peru shows that 1990 had the most melting on record.
Similar results are reported for ice caps in China and Kirghizia and glaciers
in east Africa. For example, the World Meteorological Organization reports
that glaciers on Mt. Kenya receded by 40t fran 1963 to 1987, in part due to
atmospheric warming (Hastenrath  and Kruss 1992). Satellite images and aerial
photography show rapid disintegration of the Wordie Ice Shelf in Antarctica
since 1966, which is also attributed to a progressive warming trend
(Splettstoesser  1992).

General Circulation Models (GCMs). GCMs have been used to predict global
temperatures under a doubling of greenhouse gas levels over the preindustrial
concentration, which is expected to occur by the year 2050. Although all the
models predict global warming, the magnitude of the temperature increase
varies. The predicted global temperature increase is roughly 3 to SC (Joyce,
Forsberg and Comanor 1990). The greatest climate change will likely be at the
poles and middle latitudes and only a one degree change may be detected at the
equator (ibid). It is also predicted that the Northern Hemisphere will
experience greater warming than the Southern Hemisphere (La1 end Jain 1989).

Uncertainty in the models is due to poor representation of clouds and the deep
ocean, the complexity of positive and negative feedback mechanisms, and coarse
spatial resolution (Joyce et al. 1990). Inconsistent predictions among variobs
models also needs to be resolved. Indirect effects in the models do not always
weaken global warming, however, and 8ome climatologists contend that the
positive feedback mechanisms that enhance global warming are largely
underestimated (Kellogg 1991).

For example, cloud behavior is poorly simulated by the existing models, and
clouds provide both positive and negative feedback to global warming. Although
rising temperatures would increase cloud formation and distribution, and
thereby block incoming solar radiation, clouds also efficiently trap infrared
radiation (Godish 1991). Some negative biological feedback mechanisms such as
enhanced photosynthesis would be relatively short-term, and enhanced microbial
decomposition would concurrently release carbon dioxide to the atmosphere
(Musselman and Fox 1991; Joyce et al. 1990). Another positive feedback
mechanism that magnifies the warming trend is reduced snow-covered area that
results in less reflection and larger dark surface areas to absorb heat.

global Carbon Buduet. Understanding the global carbon budget is crucial for
predicting climate changes and the relative contribution of factors such as
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Table I. Observed glacier melting due to warming.
Anthropogenic contributions are undetemined.
Splettstoesser 1992; Hastenrath snd Kruss  1892;  Monastersky
1992.

l Antarctica - Wordie  Ice Shelf
shrankfrom2OOOsq.kmin1966  to700sq.km1969

l China ice caps - 50 year warming trend*

l Peru - Quelccaya Ice Cap
1991 most melting in 500 yrs.*

l Kirghizia (formerly USSR) - SO year warming trend*

. East Africa - Uganda and Kenya
RuwenzoriMtn.gladerreceded~1Wmfrom19TI-1990
Mt. Kenya 40% surface loss 1963-1987

* Based on oxygen isotopes.
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fossil fuel combustion and deforestation. The largest carbon reservoir is the
oceans (Table 2). However, in addition to knowing where carbon is stored, it
is also important to know the capacity for uptake and release, or carbon flux.
Since only half of the carbon dioxide emissions rsmain in the atmosphere, it
was often thought that the remainder is largely absorbed by the ocean, and a
smaller fraction is absorbed by land vegetation and soils. The net rate of
uptake by the oceans is less than one gt per year (Tans et al. 1990; Musselman
and Fox 1991b). Thus, the magnitude of carbon flux of the ocaans is now
considered less than the terrestrial exchange Musselman and FOX 1991b).

In 1967, the National Academy of Sciences reported that a doubling in
atmospheric carbon dioxide concentration would foster the following global
changes:

"large stratospheric cooling (virtually certain)
global mean surface warming (very probable)
global mean precipitation increase (very probable)
reduction of sea ice (very probable)
polar winter surface warming (very probable)
suraner continental dryness (likely in the long run)
high latitude precipitation increase (probable); and
rise in global mean sea level (probable)" (U.S. BPA 1988).

gffscts of Globalne on Forest6
Kellogg has compared predictions for soil moisture changes by season. He notes
that three or more models agree that soil moisture will increase during the
winter throughout much of the United States. Similarly, three or more models
predict that soil moisture will decrease throughout most of North America in
the swmner (Kellogg 1991).

Qlobal warming could affect the location, abundance, and health of tree
species. Rapid changes in environmental variables such as soil moisture, and
subsequent disturbances such as periodic &ought CM severely stress forest
ecosystems. Bxcessive stress then generates pest infestation and other
indications of forest decline.

Using data frw a QCM, Leverens and Lav (1987)  predicted that Douglas fir would
move to higher elevation and also decreases in abundance on the east slope of
the Rocky Mountains and in the southe-st  portion of its range (Joyce, et al.
1990). Ponderosa pine in the southern Rocky Mountains was predicted to
decrease substantially in response to spring water deficits and high summer
temperatures. However, the range of ponderosa pins would expsnd in California
and Oregon due to su111111er  drought along the coast. Ponderosa pine would also
migrate upslope in Washington, Montana. Idaho and in the middle and southern
Rocky Mountains (ibid). Similar predictions have been made for hemlock, sugar
maple and lodgepole pine. In general, a temperature increase of one degree
centigrade can move the southern boundary of a plant's distribution 100-160 km
northward. Forest health may decline as soil moisture levels fall. symptoms
of decline are predicted to be evident in about 30 to 60 years in response to a
1C warming (Smith and Tirpak 1988).
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Biogeochemical cycles would also bs affected by climate change. For example,
nutrient cycling may be affected by changes in soil moisture and temperature,
with either positive or negative results on forest productivity in a given
area, depending on the change in soil mineralization rates.

Deforestation
Deforestation is occurring at a rapid rate. For example, tropical forests are
lost at a rate exceeding 17 million hectares per year (White Hou6e press
release 1992). In addition to the loss of carbon uptake through
photosynthesis, carbon dioxide is released into the atmosphere though burning
and the decomposition of debris. Deforestation currently contributes about 0.5
to 2.5 billion tons of carbon each year, or approximately 20-40% of the carbon
emitted from fossil fuel combustion (Musselman and Fox 1991b).

Some estimates have been made regarding the feasibility of mitigating global
warming through intensive tree-planting efforts. An effective program would
require planting 300 to 800 million hectares at an expense exceeding 186
billion dollars or $400 per hectare, excluding any land acquisition costs
(Sedjo 1999; Dixon 1991; Museelman and Pox 1991b).

Biodiversity
It is estimated that the Earth has approximately 30,000,OOO species (Scott et
al. 1969) and more than half reside within the world's forests (White House
press release 1992). Although speciation and extinction are natural processes,
human activities have accelerated the rate of extinction. For example, the
extinction of warm-blooded vertebrate species has increased by a factor of
seven compared to the late Pleistocene, a period of great environmental change,
to the current rate of over 100 species lost per 100 years (Council on
Environmental Quality 1989). Yet, biodivexsity refers not only to species
diversity, but to habitat and genetic variability of the gene pool (Westman
1990).

Both the amount and rate of change determine the natural ability of species and
ecological communities to adapt to change and to survive new or rapidly
changing conditions. One consequence of global varming and changing
precipitation patterns is the inability of populations to live within their
present ranges because species tend to shift locations toward their climatic
optima. Physiological and competitive stresses as well as the availability of
suitable habitat would affect the viability of some populations as new
associations are formed (Peters 19881.. Human populations would also migrate in
response to climate change due to changing agricultural conditions etc.

In addition to climate change, biodiversity is affected by land use and
landscape fragmentation. The disruption or elimination of critical habitat is
a primary mechanism of species loss. Qlobal changes in environmental chemistry
and biogeochemical cycles will also impact populations and species. Finally,
since the days of Rachel Carson and her book "Silent Spring," we have
recognized the detrimental effect of biocides and other environmental
contaminants on biodivereity.

Acid Deoosition
The precursors for acid deposition can be transported for hundreds of
kilometers (Godish 1991) and this long-range transport affects the entire world
(Bowersox et al. 1990; Committee on Barth Sciences 1989; NwAF 1991.) Acid
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deposition was first observed in Manchester, England in 1852, (Bowersox et al.
19901 and more notably in Sweden in the mid 1960's (Godish 1991). It is
currently widespread throughout the northern hemisphere (Committee on Earth
Sciences 1989).

In 1990 National Acid Precipitation AsBwement Program (NAPAP) published the
resulte of vet deposition monitoring data collected over 10 years. This
network contains approximately 200 sites within the United States and
territories that are sampled each week. Although only 4% of lakes sampled
during the National Surface Water Survey are acidified (i.e., have no acid
neutralizing capacity), approximately one-third of the loss in fish populations
of Andirondack  lakes has been attributed to acidification (NAPAP 1990). Lakes
in the western U.S. often have low acid neutralizing capacity, and are
therefore particularly vulnerable to acidification. Additional biotic changes
throughout the aquatic food web have been documented wing lake acidification
experiments.

Dramatic damage to silver fir and Norway spruce in the Black Forest of Germany
is attributed to a combination of air pollutants, primarily acid rain and fog
and ozone. This has resulted in needle loss, magnesium deficiency and root
damage due to aluminum mobilization in acidified soils. In the United States,
acid deposition may be damaging high elevation red spruce in the northern
Apalachian  Mountains (NAPAP 1990). Forest decline has also occurred since 1960
in the Green Mountains of Vermont and the White Mountains of New Hampshire,
which may be attributable to air pollution (Mohnen 1988).

Overall, atmospheric pollutant emissions in the United State8 have declined and
stabilized after a peak in the 1970'6 (N&PAP 1992). Although declines are
predicted to continue in the eastern United States, nitrogen oxide emissions
will probably be increasing throughout the West (NAPAP 1990). For example, the
region bounded by Washington, Oregon and Idaho CM anticipate a 701 increase in
sulfur dioxide and a 2021 increase in nitrogen oxides from the years 1980 to
2030 (NAPAP 1991).

Title IV of the 1990 Clean Air Act Amewhnents  regulates acid deposition in the
midwestern and eastern state8 through an emissions allowance trading program.
Phase I will be implemented in 1995 for 110 coal-fired electric generating
stations. Phase II will start in the year 2000 to stabilize sulfur dioxide
emissions in the United States at 8.95 million tons per year (NRPAP 1992).

Deoletion  of the Stratosoheric Ozone Lavex
The 1987 Montreal Protocol on Substances that Deplete the Ozone Layer was
issued to address the issue of stratospheric ozone depletion and subsequent
increases in incoming ultraviolet radiation. Despite this international
effort, the problem of ozone destruction continues. High concentrations of
chlorine and bromine monoxide in the titratosphere are associated with ozone
loss. Ozone depletion has been detected by NASA over Antarctica, the Arctic,
and the middle latitudes of the northern hemisphere (Table 3). An annual ozone
hole as observed over Antarctica is anticipated to form over the Arctic within
10 years (Monastersky 1992b). Chlorine monoxide concentrations in the
stratosphere over northern New England and Canada were measured in January 1992
at a high of 1.5 ppm, exceeding all observations within the Antarctic ozone
hole.
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Table 3. Historypt ozone layer depletion.
Monastersky  1991,l B2; Godish 1991.

l Antarctic - hole each spring for 57 weeks

a Arctic - 1 Oak  loss winter 1992*
hole expected in 10 years

l Mid-latitudes, N. hemisphere -

Canada, N. New England*
February 1992 shows 13 yr. record loss or
W-15% below normal;
Cl0 of 1.5 ppb exceeds Antamtic  [CIO]

l Tropics - no loss

l based on stratospheric Cl0 (NASA).
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Ozone loss at the poles is primarily attributed to chemical destruction by
chlorine in the presence of sunlight but depletion at middle latitudes is the
combined effect of natural chemical reactions and air movement, sulfur from Mt.
Pinatubo,  and chlorine pollution.

one important function of the stratospheric ozone layer is to absorb
ultraviolet radiation that causes human sunburn and skin cancer (Godish  1991).
Normally,  the ozone layer absorbs most wavelengths shorter than 320 nm such as
W-B radiation (Godish  1991). Plants, including ocean phytoplankton, are also
adversely affected by increases in W-B radiation (i.e., 290-320 run).  The
biotic response varies, however. and individual organisms may be able to adapt
or tolerate some increase in ultraviolet radiation.

CONCLUSIONS
While some policy-makers focus on the uncertainties in understanding and
predicting global change, human-induced change is undeniably occurring now
(Coannittee  on Earth Sciences 1989) with an unprecedented detrimental effect on
the biosphere (Lubchenco  et al. 1991). The relative contribution of
anthropogenic  impacts vs. natural change is the focus of ongoing debate, yet
the cumulative impact of global changes could have substantial consequences in
the next century. For example, stratospheric ozone depletion increases the
amount of incoming ultraviolet radiation that in torn produces tsoposheric
warming. The increased W-B radiation can also impede ocean phytoplankton
productivity, and thereby lessen the ocean's capacity to absorb carbon
dioxide. These are merely examples of how various global changes may
interact.

Potential responses to global change range from cautious inaction, to
adaptation, mitigation and prevention (Godish  1991). While natural changes may
be unavoidable, most nations believe that we have a responsibility to prevent
or mitigate the consequences of human-caused global change. Solutions to
challenges posed by global change  are not mysterious or unknown. Among the
actions most likely to be effective are to decrease the rate of emission of air
pollutants and other environmental contaminants, substantially increase energy
conservation, aggressive reforestation, and reduce world-wide population
growth. Inaction, or failure to implement sound policy decisions, could impede
our ability to effectively respond to global change. Productive policy
solutions, implemented through international solidarity among industrialized
and developing countries, are required to meet our global challenges.
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Table 1. Observed glacier melting due to wamMg.
Anthropogenic contributions are undetermined.
Splettstoesser  1992; HastenraU~ and Kruss lSQ2;  Mcnastersky
1992.

l Antarctica - Wordie Ice Shelf
shrank from 2000 sq. km in 1 Q66 to 700 sq. km 1 Q8Q

l China ice caps - 50 year warming trend*

l Peru - Quelccaya Ice Cap
1 QQl most melting in 500 yrs.*

l Kirghizia (formerly USSR) - 50 year warming trend*

l East Af&a - Uganda and Kenya
Ruwenzori  Mtn. glader receded > 150 m from 1977 - lQQ0
Mt. Kenya 40% surface loss 1 Q63-1987

l Based  on oxygen isotopes.
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ALTERATION OF SOIL AND HYDROLOGIC PROPERTIES IN RANGELAND
TREATED WITH MUNICIPAL SEWAGE SLUDGE
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Albuquerque, New Mexico 87106
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Abstract

Municipal sewage sludge has been applied to Southwestern rangelands to
determine the effects of sludge on soil and vegetation properties and assess
changes in surface hydrology resulting from the treatment. In a preliminary study,
dried, anaerobically digested sewage sludge was surface-applied to a degraded
rangeland site in north-central New Mexico at 22.5,45, and 90 Mg ha-’ (IO, 20, and
40 tons/acre). The results of this study showed that sludge applied at rates
between 10 and 20 tons/acre will maintain the most favorable nutrient levels coupled
with significant improvements in forage production. In an ongoing study, treated
municipal sewage sludge has been surface-applied (20 tons/acre rate) on research
plots in central New Mexico rangeland to assess treatment effects on water and
sediment yields. Runoff occurring from natural and simulated rainfall is being
collected at the base of plots established on moderately sloping (6%) and strongly
sloping (10-l 1%) hillslope components to evaluate the sludge’s effect on runoff yield
and surface water quality. Increased resistance to surface flow created by the
sludge significantly reduced runoff during the first year following the treatment.
Water absorption by the sludge also played a minor role in reducing runoff and
water loss from the sludge-amended plots. The direct changes resulting from the
sludge amendments were increased nutrient contents, somewhat increased trace
metal contents, and increased ground surface roughness. Indirect changes
resulting from the treatment included increased infiltration and reduced surface
runoff.

INTRODUCTION

Approximately 6 million metric tons of municipal sewage sludge are produced
annually in the United States alone (U.S. Environmental Protection Agency, 1990).
Disposal of this waste product is becoming a major problem for large metropolitan areas,
particularly those in the heavily populated eastern seaboard. In many large urban areas
of the Southwest, including the City of Albuquerque, New Mexico, liquid waste is
processed in a sewage treatment plant. This process greatly improves the quality of



effluent leaving the plant, but disposal of the solid sewage sludge remains a problem.
Presently, Albuquerque’s sewage sludge is applied over large acreages of rangeland set
aside specifically for disposal purposes and tilled into the subsoil. Safe, economically
feasible disposal of the sludge, not rehabilitation of the rangeland affected, is the City’s
primary objective. Innovative ways of beneficially utilizing sewage sludges must be
continually developed, and the use of sludge for rehabilitation of degraded rangeland
represents an alterative to disposal of sludge for the sole purpose of elimination.

A primary concern limiting the use of sludge as a soil amendment is the potential
introduction of contaminants into the environment, including surface and groundwater
resources. However, sewage sludge has been successfully used as a fertilizer and mulch
for agricultural purposes (Berglund et al., 1984; Catroux et al., 1981) and in mined land
reclamation efforts (Sopper and Kerr, 1979). Recently, a pioneering study has shown
that degraded rangeland responds favorably to the application of sewage sludge as a
fertilizer and organic matter amendment (Fresquez et al., 1990a). Dried municipal sewage
sludge was applied to a degraded rangesite within the Rio Puerto  Watershed Resource
Area at 10, 20, and 40 tons/acre (22.5, 45, and 90 Mg ha-‘). The Rio Puerto  area,
comprised largely of public lands managed by the USDI Bureau of Land Management,
has had a long history of heavy livestock grazing. The results of this preliminary study
showed that a one-time surface application of 22.5 to 45.0 Mg ha-’ (lo-20 tons/acre) of
anaerobically digested sewage sludge improved forage quality and total production,
increased total plant density, and significantly reduced broom snakeweed (Gufierrezia
sarothrae).  Soil and plant tissue analyses showed that the treatment did not lead to
undesirable levels of heavy metals or other contaminants in soil or plant tissue (Fresquez
et al., 1990b and Fresquez et al., 1991).

Any successful attempt at increasing vegetative cover (canopy cover, canopy
height, and residue or litter cover) in semiarid rangeland should lead to reduced runoff
and sediment yields. Runoff and erosion on hillslopes increase with decreasing vegetation
cover and increasing slope gradient. Both factors are recognized as important
parameters in existing erosion prediction equations and models (Wischmeier and Smith,
1978; Alberts et al., 1989; Hernandez et al., 1989). Vegetative cover disrupts overland
flow on hillslopes and promotes greater infiltration while reducing runoff. Much of the
Southwestern rangelands experienced heavy livestock grazing over the past century,
leading to a substantial reduction in total plant cover and density (Dortignac, 1956).
Therefore, barring the introduction of sludge-borne contaminants to surface and
groundwater, improved rangeland condition brought about by the sludge treatment
should, in turn, lead to improved surface water quality.

This paper reports the changes in semiarid rangeland hydrology treated with
sewage sludge during the initial growing season following sludge application. Differences
in runoff yield and runoff quality generated from plots treated with sewage sludge are
compared to those from untreated (control) plots. Continued research will assess the
changes in vegetation induced by the sludge treatment and the subsequent effects these
changes have on rangeland hydrology.
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Study Site Description

The hydrologic study was established within the Sevilleta National Wildlife Refuge
(Fig. 1). The refuge, managed by the U.S. Department of Interior’s Fish and Wildlife
Service, provides an excellent opportunity to compare rangeland treatment effects
because the area is completely fenced off. Public access is also restricted and livestock
grazing is prohibited. Climate at the Sevilleta National Wildlife Refuge is arid to semiarid
with mean annual precipitation ranging from 200 to 250 mm (Moore, 1991). Summers are
relatively hot and winters are cool. Vegetation in the refuge is dominated by semiarid
grassland and shrubland at low elevations in the Rio Grande Valley. Pinyon/juniper
stands dominate the vegetation at high elevations.

SEVILLETA NATIONAL

Slerrs Lsdroner WILDLIFE REFUGE

Figure 1. Location of the study area, Sevilleta National Wildlife Refuge, New Mexico.

Study Design

A blue grams/hairy  grama (Booteloua  gracilis/B.  nirsota)  dominated community
was selected for study on both moderately sloping (6%) and strongly sloping (10%-i  1%)
components of a stable alluvial fan within the refuge. The soils at the site are mapped as
the Harvey-Dean Association (l-9% slopes) (USDA Soil Conservation Service, 1988). The
Harvey soil is classified as fine-loamy, mixed, mesic Ustollic Calciorthid and the Dean soil
is classified as fine-loamy, carbonatic, mesic Ustollic Calciorthid. The soils are formed
from alluvium derived primarily from limestone and eolian material and are deep and well
drained. Permeability ranges from moderate for the Harvey soil to moderately slow for
the Dean soil. Runoff is medium and the hazard of water erosion is moderate for both
soils.



Three pairs of runoff plots, each consisting of a treated (sludge-amended) and a
control (no sludge) plot were established within each of the two slope gradient classes.
Individual runoff plot dimensions (3 X 10 m) are identical to those used by USDA-ARS
researchers involved in the Water Erosion Prediction Project (WEPP).  Therefore, data and
results obtained through this study might be applied to WEPP models for larger scale
predictions on runoff and sediment yield on semiarid grasslands.

The sludge was applied in early spring, 1991. The treatment consisted of a one-
time application of 45 Mg ha-’ (20 t acre-‘) dried municipal sewage sludge provided by
the City of Albuquerque. The loading rates of various sludge constituents are listed in
Table 1. All soil and vegetation samples are being collected from ten plots (5 control
and 5 treated, dimensions IO X 10 m) that have been established on soil/vegetation
assemblages similar to those of the runoff plots. These plots are also being used for
experiments that might otherwise influence the surface hydrology of the runoff plots. The
sludge amendment on these plots was identical to the treatment on the runoff plots.

Table 1. Elemental analysis of municipal sewage sludge, Albuquerque, New Mexico
(estimates of sludge content (g ha-‘) are based on a one-time application
of 45 Mg ha-‘).

Potential Contaminants
Cadmium (Cd)
Copper (Cu)
Lead (Pb)
Zinc (Zn)

Nutrient Elements
Total Nitrogen (TKN)
Phosphorus (P)
Organic Carbon (Org C)

------- Sludge content --__--_

(mg kg-') (g ha-')

a.27 372
575.90 25,915
205.00 9,225
828.60 37,287

38,300.OO 1,723,500
20,200.00 909,000

198,460.OO 8,930,700

Analytical tests for soil, water and vegetation parameters, including soil organic
matter, total nitrogen, nitrate-N, ammonium-N, pH, electrical conductivity, etc., will followed
standard procedures as outlined in Agronomy #9, Methods of Soil Analysis - Part II
(Page, 1982) and U.S. Department of Agriculture Handbook No. 60 (Richards, 1969).



Water Quality Assessment

The experimental runoff plots were bordered by metal flashing to prevent external
water from entering the plots. The borders direct internal surface runoff to the base of
the plots where it is channeled to and collected in sample reservoirs during natural and
simulated rainfall events. Representative samples of the runoff water, obtained by
manually stirring the contents in the collection reservoirs, were analyzed for trace element
contaminants. Total precipitation that occurred during summer storms was measured with
two standard rain gauges (rainfall collection buckets). Additionally, a self-activating
recording rain gauge was installed at the site on August 1, 1991, allowing measurements
of storm intensity (mm hi’) for subsequent events.

The runoff plots were subjected to simulated rainfall in September 1991 after the
vegetation had an entire growing season to respond to the sludge treatment. A large
area rainfall simulator was used to test the hydrologic response of the rangeland to high-
intensity rainfall under controlled conditions. The rainfall simulator consisted of 15
sprinklers mounted on 3-m standpipes that distributed water simultaneously to each plot
in a pair so infiltration and runoff yield could be observed and recorded on the two plots
(control and treatment) concurrently. The simulated rain was equivalent to a high intensity
summer thunderstorm common in the region (lo-16 cm hr.‘, approximately 4-6
inches/hr).

RESULTS

Pre-treatment soil characterization established uniformity in both textural
characteristics and chemical properties between control plots and those plots
subsequently treated with sludge (Table 2). We are confident that any future significant
differences in soil properties observed between treated and control plots will be a result
of the sludge treatment. No significant differences in vegetative cover or in plant tissue
chemistry were found among the study plots prior to sludge application. Analysis of post-
application vegetation transects currently are in progress.

First-year runoff measurements taken after natural storms that produced runoff (Fig.
2) showed that surface application of treated municipal sewage sludge significantly
reduced runoff on our plots. Runoff yields were greatest during high-intensity storm
events. Runoff yields from the control plots increased progressively with increased
precipitation and storm duration. In contrast, a similar pattern was not observed in the
sludge-amended plots, wherein the proportion of total precipitation lost from the plots as
runoff remained under 2% of the input regardless of total precipitation and storm duration,



Table 2. Mean textural and chemical properties of soils from all study plots (control
versus treated) prior to sludge application. Soils were sampled at three
depths: A = O-5 cm, B = 5-10 cm, and C = lo-15 cm. (means are based
on five composite samples taken from each of the five control and treated
large sample plots)

__________  Control  ___________

A B C

Textural Class SL’
Org C (%) 0.71
PH 7.57
EC (mmhos/cm) 0.61
NTTp Elements (ppm):

710

/$; 7.6
I 3.9

P - 6.5
Hz&q Metals (ppm):

0.07
cu 1.78
Pb 1.11
Zn 0.65

SL
0.81

;::

SL
0.98
7.68
0.39

950 989
7.2 9.2
3.4 4.0
2.6 1.7

0.04 0.04
1.72 2.52
0.72 0.60
0.41 0.36

_________  Treated

A B

SL SL
0.86 1.03
7.54 7.60
0.58 0.39

701 840
7.5 7.1
3.6 3.6
6.4 3.1

0.07 0.05
1.12 1.58
1.13 0.82
0.65 0.41

C

SL
1.19
7.53
0.36

1076
9.2
3.6
1.3

0.04
2,,25
0.70
0.35

1.0

Figure 2.

JUL 22 JUL 25 AUG 2 AUG 10

STORM DATE, 1991

Runoff from treated (n = 6) versus control plots (n = 6) during four natural
storm events, 1991. Runoff from control plots was significantly different from
treated plots at p < 0.05 for all storms except on July 22, wherein p = 0.09).
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In September 1991 rainfall simulation experiments were conducted on the pairs of
experimental plots. The sludge’s effectiveness in reducing runoff from the treated plots
is evident (Fig. 3).

0.35
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Figure 3. Runoff yield from sludge-amended (treated) and unamended (control)
plots during rainfall simulation experiments. Expression of runoff yield as
runoff per millimeter of precipitation standardizes the runoff for comparison
because there were differences in precipitation input among and between
plot pairs. (Note: difference in total runoff yield between treated (n =6)
and control (n = 6) plots was highly significant at p < 0.05.)

Other indications of the lack of runoff generation from the sludge plots is the rate at
which water first appears on the surface of the plot (i.e.,  the time to ponding on the
ground surface, thus signifying that rainfall rate and infiltration rate are equal at this
location) and the time needed to drain the plot after rainfall has ceased. Table 3 lists the
recorded time to ponding and time of runoff cessation for the 12 plots. In general,
ponding occurred about three times faster on the control plots than on the sludge-
amended plots. The only differences in cessation times recorded were between the lower
and upper control plots. Runoff ended about 2.9 times faster on the steeper, upper plots
than on the lower plots. The three lower plot pairs have an average slope of 6.1% and
the three upper plot pairs have slightly steeper slopes (10.2%). Differences in runoff
cessation rates are attributed to the slope steepness at this time. However, samples of
bulk soil (including coarse fragments) will be collected during Summer 1992 to determine
if differences in coarse fragment content in the soil surface horizon might be producing
differences in infiltration, and thus be partly responsible for the hydrological differences
observed between the upper and lower plot pairs.



Table 3. Time to ponding and runoff cessation during rainfall simulation experiments
on sludge-amended (T) versus unamended control (C) plots. Time to
ponding was measured from the beginning of the rainfall application, while the
time to runoff cessation was measured from the moment the rainfall was
terminated.

-_. _~.,_

Time to ponding Time to runoff cessation

_...“pl”_..___.._.._______~_______~_________~_~~~~~_~~_________~__~_______________~~~~~~_~~___~____________

lL-c I:34 4:46
1 L-T 4:32 0:oo
2L-c 0146 5:40
2L-T 2:19 0:OO
3L-c’ 1:26
3L-T 4137 0.00
1 H-C 2:03 2138
lH-T 5:39 0:oo
2H-C 2:09 1:59
2H-T 5:ll 0:oo
3H-C 0:59 1140
3H-T 6:28 0:oo

1 Time to cessation of runoff was not measured due to unexpected problems with
runoff tank and plot boundary contact.

Levels of nitrate (NO,.), copper (Cu), cadmium (Cd), and lead (Pb) in runoff water
collected after both natural and simulated rainfall events are listed in Table 4. New Mexico
standards regard ~10 mg If1 nitrate, 20.01 mg If1 Cd, and ~1.0 mg If1 Cu concentrations
in surface and groundwater as unacceptable (New Mexico Water Quality Control
Commission, 1991a). Current state standards for livestock and wildlife watering prohibit
20.05  mg 1-l Cd and 20.5 mg If’ Cu (New Mexico Water Quality Control Commission,
1991b).  Nitrate, Cu, and Cd concentrations in the runoff water collected from our plots,
both during natural and simulated rainfall, were well below these established standards
and we found no statistical differences in these potentially toxic constituents between the
treated and control plots.
Although we did detect Pb concentrations exceeding current New Mexico standards for
groundwater (0.05 mg If’) and livestock and wildlife watering (0.1 mg I-‘) after some
storms, we found no significant differences between the mean Pb concentrations in runoff
from treated plots and control plots. The elevated Pb concentrations in the runoff water
may be due to elevated Pb concentrations in the soils or Pb solubilization from the
galvanized steel tanks we used as runoff collection reservoirs. We did, in fact, detect
somewhat elevated soil Pb contents (0.84 to 1.54 mg kg-‘) in both control and treated
plots during pretreatment soil analysis.



Table 4. Concentrations (mg 1-I) of NO;, Cd, Cu, and Pb in runoff
collected from sludge-amended (T) and untreated (C) plots
at the Sevilleta Wildlife Refuge, 1991. M e a n  P b
concentrations between treated (n=6) and control (n=6) plots
were not significantly different at p < 0.10 for any one
of the precipitation events, including rainfall simulation.

PLOT NO;

lL-c 0.018
lL-T 0.046

2L-c 0.026
2L-T 0.026

3L-c 0.019
3L-T 0.023

lH-C 0.062
lH-T 0.023

ZH-C 0.002
2H-T 0.006

3H-C 0.072
3H-T 0.018

lL-c
lL-T

0.005
0.004

2L-c
ZL-T

0.095
0.094

3L-c 0.027
3L-T 0.094

lH-C 0.008
lH-T 0.007

2H-C 0.008
2H-T 0.007

3H-C 0.006
3H-T 0.007

Cd CU Pb

July 25 Storm

<o-o05 co.02 0.31
<0.005 co.02 0.36

<0.005 co.02 0.21
<0.005 co.02 0.26

<0.005 co.02 0.19
<O.O05 co.02 0.48

co.005 0.02 0.47
<0.005 co.02 0.23

<0.005 <0.02 0.66
<0.005 <0.02 0.82

<0.005 <0.02 0.34
<0.005 <0.02 0.37

August 10 Storm

<0.005 <0.02 0.13
<0.005 co.02 0.20

<0.005 <0.02 0.21
<0.005 0.52 2.52

<0.005 <0.02 0.16
<0.005 co.02 0.05

<0.005 co.02 0.10
<0.005 10.02 0.39

<0.005 <0.02 0.16
<0.005 <0.02 0.14

<0.005 co.02 0.16
<0.005 co.02 0.46

NOa-

0.004
0.008

0.004
0.004

0.006
0.007

0.007
0.086

0.004
0.009

0.059
0.068

Cd CU

August 2 Storm

<0.005 co.02
co.005 co.02

co.005 co.02
co.005 co.02

co.005 co.02
<0.005 co.02

co.005 co.02
co.005 co.02

co.005 <0.02
co.005 co.02

co.005 co.02
co.005 co.02

Pb

0 . 1 1
0.25

co.05
co.05

co.05
co.05

0.09
0.24

0.10
co.05

0.07
0.25

SeptemberRainfallSimulation

0.295
0 . 3 9 6

0.620
0.552

0.284
0.209

0.343
0.595

0.383
1.037

0.000
0.253

co.005 co.02
co.005 co.02

<0.005 co.02
co.005 co.02

co.005 co.02
co.005 co.02

co.005 co.02
co.005 co.02

co.005 co.02
co.005 co.02

<0.005 co.02
co.005 co.02

co.05
0.13

0.40
0.11

0.11
0.17

0.13
0.13

0.12
0.21

CO.05
co.05



SUMMARY AND CONCLUSIONS

Surface application of treated municipal sewage sludge significantly alters soil and
hydrologic characteristics of semiarid rangeland. Surface soil organic matter, nutrients,
and ground surface roughness are increased by the treatment. Upon surface application
of the sludge, surface water flow is immediately impeded and this, in turn, significantly
reduces runoff yield. We anticipate that future changes in vegetation cover and
composition will also affect the surface hydrology of the rangeland.

Our observations support the use of sludge for reducing runoff from hillslopes in
semiarid rangeland. Runoff and infiltration rates observed on our control plots are
comparable to rates observed for semiarid rangeland in studies conducted elsewhere in
New Mexico and Arizona (Ward and Bolton, 1991). Therefore, the differences in
hydrologic properties we observed between our sludge-amended and control plots can
be attributed to the sludge and to differences in the plots prior to sludge application.
However, the long-term effects of the sludge on the runoff, particularly after the sludge has
weathered and decayed, are not yet known. The goals of our second-year rainfall
simulation experiments are to determine those effects.

Results from the first year rainfall simulation experiments can be summarized as
follows, The sludge, as tested, is an effective treatment for preventing runoff from
hillslopes in semiarid rangeland. The two factors we considered most important for the
reduction in runoff yield on treated plots were increased ground surface roughness and
water absorption by the dry sludge. Five samples of sludge at field moisture conditions
were collected before and after the simulated rainfall on plots 2H-T  and 1 H-T to quantify
the amount of water absorbed by the sludge. The portion of total plot precipitation
absorbed by the sludge during the two rainfall simulation trials was 13% for plot 2H-T and
25% for plot 1 H-T (Aguilar and Loftin, 1992). These observations indicate absorption of
a greater portion of precipitation by sludge during smaller rainfall events, since the total
amount of precipitation added to plots 2H-T and lH-T during their respective rainfall
simulation runs was 50 mm and 18 mm, respectively. The sludge should decompose
through time and have less influence on water absorption. However, due to the sludge’s
nutritional benefits, increased plant productivity and ground cover should sustain reduced
runoff yields from the sludge-amended plots.

Potential contamination of surface water by sludge-borne contaminants, including
heavy metals, does not appear to be a problem for a one-time application of 22.5 to 45
Mg ha-’ (lo-20  tons/acre) city of Albuquerque sludge. Sludge application on semiarid
rangelands has the potential for being environmentally and economically beneficial if these
applications are based on sound guidelines developed through continuing research.
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CDRRENT STATUS OF THE SOIL SCIENCE PRACTICE ACT

John R. Munn

Western Regional Cooperative Soil Survey Conference

Flagstaff, Arizona

June 26, 1992

The purpose of this presentation is to describe the current
status of the Soil Science Practice Act that has been sponsored
by the Soil Science Society of America (SSSA). Although the Act
is still in draft form, I can give you an idea of its content and
approach.

First, I want to emphasize that the proposed Act is intended to
be a model for use by soil scientists seeking registration at the
state level. It is not supposed to be a rigid document, and
changes to adapt to local conditions are expected.

Major subject areas covered by the Act include:

o Definition of terms for the purpose of regulation,
including - soil science, soil scientist, and the practice
of soil science.

0 Provisions for regulation of the practice of soil science.

o Requirements and qualifications for registration as a soil
scientist and soil science specialties.

The intent section of the Act:

0 Recognizes the importance of soil resources.

0 Identifies the need for qualified soil scientists.

o Establishes a state policy of prudent and responsible soil
management.

o And declares the state's intent to regulate the practice of
soil science.

Following is some background on the Act's development and why
anyone would be so presumptuous as to undertake this task.

John R. Munn, Soil Erosion Studies Project Leader, California
Department of Forestry and Fire Protection, P.O. Box 944246,
Sacramento, California 94244-2460.



In recent years, there has been steady increase in demand for
soil science skills to address environmental problems,
development projects, and the needs of intensive agriculture.
This has promoted the application of soil science by untrained
and inexperienced individuals, while soil scientists have been
excluded from independent practice in some areas by state and
local regulations that require the use of other, registered
professions in an attempt to identify "qualified" individuals.
As a result, soil scientists are often overlooked or treated as
second class citizens in the earth sciences, both in research and
private practice.

This problem has been clearly recognized by SSSA Past President
Fred Miller and by the current SSSA President Bill l&Fee. In
response, the SSSA called together interested soil scientists at
the 1991 Annual Meeting in Denver. The participants at this
meeting agreed that a model practice act was a necessary step
toward improving the practice and recognition of soil science,
and a Soil Science Practice Act Committee was formed. I was
appointed Chairman, and the Committee has now grown to include 23
members with representation from a wide variety of work
experience and locations.

The Committee began its work by reviewing current and proposed
soil science practice acts from states such as Maine, Alabama,
Virginia, and South Dakota. Committee members then focussed
their attention on a first draft of the Act prepared by SSSA
staff from a wide variety of requirements in the acts of other
professions. Based on comments from Committee members, a second
draft was prepared and circulated for review in April. Then a
smaller, writing subcommittee was convened in May to go over the
Act in detail and prepare a draft for final review by the full
Committee and SSSA legal staff.

The final version of the Act is scheduled to be presented to the
SSSA Executive Committee in August and should be available to the
public at, or prior to, the SSSA Annual Meeting in early
November.

At the present time, the major, incomplete section of the Act is
an alternative administrative structure that would provide for a
national organization to undertake the routine administrative
activities of a registration board. These activities could
include processing and reviewing of applications, developing and
administering tests, and handling renewals. State level
commissions or committees would then have an oversight role on
applications and disciplinary actions.

An important advantage of a national approach would be the
spreading of administrative costs, which could be overwhelming in
states with few soil scientists. It could also provide for
easier recognition of credentials among participating states.
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Disadvantages of a national option might include:

o A real or perceived loss of local control.
0 Lack of state level staff for administering disciplinary

actions.
0 Finding a national organization willing to undertake the

program (which would require some up-front work on the
presumption that states will sign on).

It is easily apparent that registration of soil scientists is not
going to be an easy task. So why bother? Here, I am going to go
out on a limb and predict the consequences of continuing under
the present conditions.

First, the practice of soil science in the private sector will be
increasingly conducted by members of other professions, such as
geology and engineering, as the demand for services and the money
involved increases. Where these other professions are
registered, they will increasingly claim the more lucrative
aspects of soil science as part of their respective areas of
practice, thereby excluding soil scientists from independent
practice. Both of these trends are already happening in
California.

Second, soil science research and teaching are not exempt from
losses in private practice. As private sector professionals in
other disciplines become involved in areas of traditional soil
science practice, the colleges and universities training students
in these disciplines will add coursework and research programs to
meet the needs of their graduates. This will lead to an overalls
loss of identity and demand for soil science graduates, which
will eventually result in a’ loss of support for soil science
teaching and research programs. This also may have started in
California, and could be accelerated by pending state budget
problems.

Third, government employees also have a stake in soil scientist
registration, because private sector salaries are one factor in
setting federal wage rates, and registration would allow soil
scientists to compete more effectively with other, higher paying
earth science professions. And where might federal and other
government soil scientists seek work after retirement, or in the
event of agency layoffs, other than in the private sector?

The changes I am predicting will occur at a slow, but steady,
pace. In fact, these aren't really predictions, but are a
recognition of trends that are already underway and are now
becoming apparent. Although history tells us that change is
inevitable, we can help to direct it and keep from being left
behind.



Finally, I believe that it is important for each of us to work
toward improving our chosen profession, which has provided our
livelihood and supported our careers. Recognition and
registration has not occurred overnight for any of the earth
science professions. Rather, it is earned by the time and
efforts of a profession's members, including support from field,
agency, and academic quarters.
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Report of the 1992 Western Regional Cooperative Soil Survey Conference
Wetland and Riparian Area Task Force

This work group (Table 1) "as assigned the task of discussing how soil surveys
should be conducted to meet management needs of wetland and riparian areas.
The following items were addressed by the group:

A. Identify and evaluate the existing soil classification and map unit
design procedures relative to the identification and description of
riparian and wetland areas.

1. Address existing soil survey procedures and evaluate the
effectiveness of these procedures to provide an adequate
information base for interpretation and decision-making.

2. Recommend new soil survey procedures to identify and describe
riparian and wetland areas as a significant component of the
landscape.

6. Assess existing cartographic procedures and criteria for the
delineation and spatially locating riparian and wetland areas

1. Identify current cartographic criteria and mapping standards that
are not conducive to delineating these areas as soil map units.

2. Recommend new ways and mechanisms to identify riparian areas and
wetlands in conjunction with map unit design which would allow
for the information to be incorporated in a permanent database.

Given the short time period available for us to meet, the work group elected to
concentrate on outlining new methodologies which might be appropriate for
wetland and riparian mapping. Consensus concerning the opinions and
recommendations reflected in this report were not reached. Consequently, the
material which follows is tentative and should be reviewed and modified by
future task forces.

The work group acknowledged that the diversity of issues relevant to wetland
and riparian areas necessitated that new approaches to soil/landscape mapping
be developed. The abbreviated listing of riparian and wetland issues developed
by the group (Table 2) illustrates the complexity of knowledge required to
manage such environments. Accordingly, soil surveys should be designed to
address as many of these issues as appropriate to local user needs.

Table 3 describes the types of items which should be considered in the design
and description of riparian/wetland  mapping units to address the issues listed
in Table 2. Taxonomic components other than soils  may be required to describe
siparian/wetland  mapping units in future soil surveys (SLM 1990). stream type
(Rosgen  1985)  and potential natural community classifications (Pfister  and Arno
1980. RISC 1983) are available to many survey areas and should be utilized in
map unit characterization. Similar classifications should be developed for
areas where they are currently lacking. Successional plant community pathway
descriptions (Am0 et al. 1985, Jensen et al. 1993) may also be required in
futux-e  survey work to assist quantification of "desired plant communityq'  in

/o .A-



l~and  management planning. Differentiae  for map unit design will increasingly
require non-soil criteria to meet u6er interpretation needs for multiple scale
riparian maps. Hierarchical landscape based approaches to map unit design
offer promising alternatives to traditional soil survey methods (Wertz and
Arnold 1972, Jensen et al. 1989, Jensen et al. 1992).

Specific recommendations concerning new soil survey procedures to be used in
riparian/wetland  mapping were developed (Table 4). The work group felt that
ripal-ian/wetland  areas need to be mapped at multiple scales using non-soil
differentiae  to meet various survey objectives and interpretation  needs. This
is especially true for agency personnel who utilize landscape ecology
principles (Urban et al. 1987, Nose 1990, Hunter 1991) as their foundation for
biodiversity and ecosystem management. The group also felt that minimum data
requirements for site, soil, potential vegetation, and stream type descriptions
shotlId  be drveloped  for- National Cooperative Soil Survey efforts.

Cartographic procedures currently used in traditional soil survey are often
inadequate to meet riparian/wetland  mapping needs. Consequently, the group
identified new procedur-es which should be considered (Table 5). The
l~ecommendations  presented in Table 5 follow those outlined by George Staid1  in
his draft technical note dated 3/B/91  (SCS 1991).

The I-ecommendatione  presented in this report are tentative. The
riparianlwetland  work group suggests that additional effort needs to be
addressing the items presented. We believe the ideas developed by our group
will prove beneficial to future riparian/wetland  work groups.

(~6

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Table 1: List of Participants in the Wetland and Riparian  Area Work Group

Name Address

Mark Jensen (Team Leader) USDA, Forest Service, Northern Region,
P.O. Box 7669, Missoula.  MT 59807

Bruce E. Frazier

Bill Ypsilanti5

Crop and Soil Sciences Department,
Washington State University.
Pullman, WA 99164-6420

Bureau of Land Management
1808 North Third St., Coeur  d'Alene,
ID 83814

Tom Collins

Jim Bayer

USDA, Forest Service, Intermountain
Region, 324 25th St., Ogden, UT 84401

Dixie National Forest, P.O. BOX 580,
Cedar City, UT 84721

Tom Ryan

Mario A. Valve&

Angeles National Forest, 701 N. Santa
Anita Ave., Arcadia, Ca 91006

WNTC, 511 NW Broadway, Rm. 248,
Portland, OR 97209

Roger L. Haberman SSQA Staff, National Soil Survey Center,
Federal Bldg., Rm 152, 100 Centennial
Mall North, Lincoln, NE 68508-3866

Clarence Montoya

Hayes c. Dye

Jim Culver-

Rick Schuler

Carol PI-anks

D"a"e  Lammers

Russ Krapf

Technical Support Office, 1065 S. Main,
Bldg., A-l, Las Cruces,  NM 88005

USDA, SCS, State Office, 201 E. 9th
Ave., Suite 300, Anchorage, AK 99501

SSQA Staff, NSSC, Federal Bldg., Rm 152,
100 Centennial Mall North, Lincoln, NE
68508-3866

BLM,  Wyoming State Office, 2515 Warren,
Cheyenne  WY 82003

SCS-NSSC-SSQA, 100 Centennial Mall
North, Am. 152, Lincoln, NE 68508

Forestry Sciences Laboratory, 3200 SW
Jefferson Way, Corvallis, OR 97331

BLM, Phoenix District Office, 2015 W.
Deer Valley Rd, Phoenix, AZ 85027

IO1



Name

Don Breckenfeld

Phil Camp

Samuel A. Lowance

Robert Hill

Tom Subirg

Caine  Vaandrager

Table I (Continued1

Addr~ess

Soil Conservation Service, Tucson Soil
Survey, 3241 N. Romero,  Tucson, AZ
85705

Soil Conservation Service, 210 E.
Indianola Ave., Suite 200, Phoenix, AZ
85012

Bureau of Indian Affairs, P.O.Box  1060,
Mail Code 402, Gallup, NM 87305

SCS, 2218 Southern Blvd SE., Ste 3,
Rio Rancho,  NM 87124

SCS.  Rm. 239, 417 Gidding. Clovis.  NM
Be.101

Apache-Sitgreaves National Forest,
P.O. Box 640, Springerville,  AZ 85938

USDA, Forest Service, Region 3, WA
517 Gold Avenue, Albuquerque, NM 87102

USDA, Forest Service, Northern Region,
P.O. BOX 7669, Missoula, MT 59807
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Table 2: Abbreviated Listing of Riparian  and Wetland Issues

Issue

Water Quality

Water Quantity

wildlife Habitat

T&E Species

Riodiversity

vegetation Management

Multiple Use Impacts

Wetlands

Analysis Process

Description

Includes water chemistry, temperature, sediment.

Includes amount and timing of flow, sustaining maximum
and minimum base flows for channel maintenance and
consumptive water "*es.

Includes forage production, security and thermal
ccwer, nesting habitat.

Identification of riparian dependent species and their
habitat requirements.

Includes maintenance of species habitats and corridors
for species movement. Identification of natural
variability ranges for riparian ecosystem components
to implement coarse-filter strategy for biodiversity
management.

Includes maintenance of unique riparian plant
communities for wildlife habitat, water
quality/quantity, recreation, and other management
needs (e.g., old-growth).

Includes effects of grazing, logging, recreation,
mining, etc., on riparian/wetland ecosystem function
and composition.

Includes identification, delineation, restoration and
compensation.

Need to improve our analysis pr-ocess  for
riparian/wetland  assessment (e.g., utilize multiple
scales, quantify desired future condition).

(03



Table 3: Listing of Items Which Should Be Considered in the
Design and Description of RiparianjWetland Mapping Units

Water- Quality
and Quantity

Wildlife Habitat
T&E Species,
Vegetation Management,
Biodiversity

Multiple-Use
Impacts

Wetlands

Item

Soil properties (e.g., depth, texture)
Watershed climate (e.g., precip. timing and amount)
Watershed morphology (e.g., landform,  geology.
drainage density)
Valley bottom morphology (e.g., gradient, width)
Stream morphology (e.g., bankfull  flow gradient,
width/depth ratio)
Stream channel substrate
Stream type/watershed flow characteristics (i.e.,
unit hydrograph)
Stream type composition
Stream channel adjustments following natural and
management-induced disturbance

Vegetation composition (foliar  cover, biomass by
plant species) and structure (layer size class
relationships) of potential natural communities
(i.e., ecological sites, range sites, ecological
types1
Potential natural community composition
Historic composition and patter" of successional
plant coaununities in riparian/wetla"d settings
Historic processes which maintained riparian/wetland
ecosystems (e.g., magnitude and frequency of fire,
flood events, mass wasting)
Successional plant community pathways following
natural and management-induced disturbances

Describe composition (as appropriate) of soil types
(family or series), potential natural plant
communities, and stream types in ecological mapping
units
Contrarx  current conditions of a Eite (e.g.,
vegetation. erosion) to itfi potential (as de&l-mined
from the ecological mapping unit)
Deviations from potential are attributable t" the
impact(s) present at a site, and should be described
during the mapping process

Describe hydric soil properties
Identify hydric plant species (existing and
potential
Identify site hydrologic properties (e.g., water
table dynamics, flooding and ponding frequency and
duration1
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Table 3 (continued)

1ten1

Develop multiple scale maps of riparian ecosystems
to facilitate appropriate analysis of issues (e.g.,
coarse scale for regional fisheries viability
analysis, detailed for project level assessments of
water quality)
Need to consider natural variability range, plant
succession, hydrologic function, etc., in the
description of "desired future condition" for
riparian/wetland  areas



l’ablr 4 : Recommendat ions for New Soil Su2-vcy Pl-ocedurc2s
to be Used in Riparian/Wetland  Mapping

Item

Map Scale

Map Unit Differentiae

Components

Taxa

Data

Recommendation

Allow for multiple scales dependent on survey
objectives and interpretation needs (i.e., mapping may
be coarser or finer than a 1:12,000 or 1:24,000
scale).

Allow for non-soil differentiae in map unit design
(e.g., landform, geology, climate, topography, stream
types, potential vegetation).

Allow for more than three named components in certain
instances (i.e., highly variable uhits)

Allow for description of other taxa besides soils
(i.e., potential plant communities, stream types).

Allow for description of soils at series, family or
subgroup level dependent on survey needs.

Develop minimum list of data required for site, soil,
potential vegetation, and stream type description.

)‘I%
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Table 5: Recommendations for New Cartographic Procedures
to be Used in Riparian/Wetland  Mapping

Item

Acreage

Cartographic Techniques

Line Segments

spot symbols

Map Scale

Recommendation

Dependent on survey needs, riparian and wetland
areas should be delineated a6 unique mapping units.
The minimum number of acres to include such
delineations in a survey report should be smaller
than that used for woodland, rangeland,  or cropland
map units.

Identify techniques for unique delineations and spot
symbols that will represent map units and their
acreage but do not meet present cartographic
requirements.

Allow for line segment map unit delineations to
denote riparian areas (i.e., follow drainage spot
symbols to minimize map clutter).

Assign width groping codes to the end of line
segment map symbols to assist determination of
acreage (e.g., w 5 l-50 ft., x = 50-100 ft., y =
100-150 ft., z = 150-200 ft.). Areas greater than
200 ft. width will typically be located by an
enclosed line polygon.

Allow for &hoc symbols or a dot to denote a wetland
map unit.

Assign acreage grouping codes to the end of wetland
map spot symbols  (e.g., x = Cl acre; y = 1-2
acres). Areas greater than 5 acres will typically
be located by an enclosed line polygon.

Allow for presentation of riparian or wetland
delineations on base maps of different scale than
those commonly used in traditional soil mapping
(i.e., 1:24.000, 1:12,000).  Use a GIS to produce
riparian or wetland maps independent of upland soil
maps.

I I 3
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Report from the Committee
88Soil Survey Information Management*@
Flagstaff, Arizona
June 22 to 26, 1992

Committee Members:

Allan Amen, Bureau of Land Management, Denver, CO
Richard Dierking, Soil Conservation Service, Portland, OR
William Dollarhide, Soil Conservation Service, Reno, NV
Scott Davis, Bureau of Land Management, Lakewood, CO
Wally Miller, University of Nevada, Reno, NV
Harold B. Maxwell, Soil Conservation Service, Boise, ID
Charles Goudey, Forest Service, San Francisco, CA
LeRoy Daugherty, New Mexico State University, Las Cruses, NM
H. Ikawa, , University of Hawaii, Honolulu, HI
James Carley, Soil Conservation Service, Spokane, WA
Jerry Freeouf, Forest Service, Lakewood, CO
Colin Voight, Bureau of Land Management, Washington, DC
Bill Johnson, Soil Conservation Service, Phoenix, AZ
Jim Glade, Bureau of Indian Affairs, Phoenix, AZ
Bill Bishop, Bureau of Indian Affairs, Billings, MT
Dick Page, Bureau Land Management, SLC, UT
Earl Lockridge, Soil Conservation Service, Lincoln, NE
David L. Richmond, Soil Conservation Service, Phoenix, A2

Obiectives:

To provide recommendations concerning 8*Soil Survey Information
Management."

Sunmarv of Discussions:

1. A National Data Base is needed.

2. A National Soil Survey Dictionary is needed.

3. A standard format is needed for laboratory data.

4. A standard format is needed for soil site data--especially
the core data set.

5. Data should be identified as follows:

a. Measured
b. Observed
C . Estimated

6. A basic core of data should be established for:

a. National data bases
b. State data bases
C . Local data bases
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7. Soil Survey data needed for analyses is moving faster than
the data can be collected with the present staffing of Soil
Scientists. There is a need to implement scanning devices and
electronic clip-boards.

8. Each agency should be involved in developing the Soil Survey
Dictionary.

9. Each agency should be involved in developing the data base.

10. Each agency should be involved in developing the minimal or
basic core of data that needs to be completed for the
representative site data.

11. Workshops should be held to promote multi-agencies input to
complete the Soil Survey Dictionary and the core data set for
both field and laboratory data.

Recommendations of the Committee:

1. A national data base should be established with cataloged
data available to field, national staffs, and local users. The
data base should be established with input from field staffs (all
agencies and universities).

2. The development of the Soil Survey Dictionary and core data
set for both laboratory and field data should receive priority.
Workshops should be used to promote a multi-agency effort to
establish the dictionary and core data sets.

3. Data collected should be identified as follows:

a. Measured
b. Observed
C . Derived
d. Estimated

4. Scanning devices and electronic clip-board (field data
recorders) are needed. The devices should be researched
thoroughly before implementation.

5. Information concerning geologic surfaces is needed for
managing water quality.

6. The committee recommends the establishment of a,
communication system that will:

a. Keep the field informed of available procedures
b. Promote feedback from the field
C . Promote suggestions for improvement

7. User friendly programs are essential.

IIG
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General Discussions that Led to the Recommendations:

There is a concensus that a national soil survey dictionary and
data base should be developed.

There is a need to develop standard formats for laboratory and
field data.

The standard form for collection field data is needed to promote
the compilation of all elements in the core data set.

Some comments made in the session indicated that the lack of
uniformity in the format of laboratory data are causing
considerable difficulty in analyses at the university level.

Comments from the national staff indicated that requests could be
made for arrangements of columns in the data requested. Other
comments indicated that few field people were aware that specific
formats could be requested. This suggests that more efficient
communication lines are needed.

Requests were made for establishing standard formats for
collection field data. The standard format is essential to a
complete data set: it is especially important to have a complete
set of core data. Many times analyses are limited by the lack of
complete data. A standard format for both laboratory and field
data could solve this problem. The national soils staff thought
that **windows" in the computer entry could solve the problem. It
was further discussed that the standard format would allow for
data entry by technicians.

Data collection should be identified as measured, observed, and
estimated.

Algorithms would be used for generating interpolated data. There
should be a minimal or core data set at the national, state, and
agency levels.

Data needs and analyses are moving faster than the present staff
of soil scientists can provide the data. There is a need for
scanning devices or clip-boards to speed data entry.

A national dictionary is needed by all agencies and should
receive high priority in being established.

Workshops that would promote multi-agency ~input for the
development of core data and the Soil Survey Data Dictionary are
needed.

The BLM staff promotes definitions and interpretations for
geological surfaces. These data are especially important to
manage water quality.
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1992 WESTERN REGIONAL COOPERATIVE SOIL SURVEY CONFERENCE
Flagstaff, Arizona
June 22-26, 1992

Identification and Understanding of Customer Requirements

Table of Contents

Part I. Charges

Part II. Introduction

Part III. Discussion and Findings

Part IV. Recommendations

Part V. Attachments

A . Questionnaires to Determine Customer Needs

1. Soils Survey Program Evaluation (User's Set);
from Soil Survey Program Evaluation Report, USDA-SCS,
October, 1987, pp 72-88.

2. Soil Survey Reporter Questionnaire, New
Jersey; from Bill Broderson, USDA-SCS, Summer, 1988.

3. How and by Whom Soils Information of the Soil
Conservation Service is Used: by Susan Tester, USDA-
SCS, March I, 1989.

4. We Need You, Sanders County, Nebraska; from
Cameron Loerch, USDA-SCS, May, 1989.

5. User Evaluation Sheet/Change of Address; by US
Army Ballistic Research Laboratory, 1990.

6. Untitled, by

B. Questionnaires to

1. Soils Survey Program Evaluation (State Soil
Survey Program Evaluation Report,Scientist); from Soil

USDA-SCS, October, 1987, pp 89-97.

Tommie L. Parham, June, 1992.

Evaluate Soil Survey Program
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Identification and Understanding of Customer Requirements
6-23-92

Concensus of the committee was primarily to create and use a
questionnaire in conjunction with public participation
meetings to assess customer requirements. Some ideas
presented by participants are as follows:

- Participate in local community fairs with demonstrations
and handouts as an educational process.
- Earth Day demonstrations at Malls
- Conduct public meeting during the design of the survey,

during the survey and post publication.
- Issue public service announcements.
- Public meetings can be organized, publicized and

sponsored by Soil and Water Conservation Districts, Soil and
Water Conservation Society, Extension Service, etc. These
meetings can be used as public forums for gaining an
understanding of customer requirements.
- There is a need to create more interaction with other

specialists within our own agency and other agencies.
- Need to involve local units of government in long range

planning.
- Should use Soil Potential studies as an educational tool.
- Questionnaire could be placed on an electronic bulletin

board.
- Questionnaire could be inserted in the soil survey.
- SCS sociologists and public affairs specialists could be

used for the design of a questionnaire (lengthy and wordy
questionnaires are virtually ineffective - need good
design.)
- Public affairs specialists could be utilized to prepare

articles for publication in major newspapers to accompany a
Status of Soil Surveys map.

The committee felt that a distinct recommendation should be
made as a result of this meeting with follow-through to
assure that their efforts would not be just another
exercise.

I
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Identification and Understanding of Use Requirements
b-25-92

Personal contacts and interviews may be much more effective
than questionnaires.

New customers require an education process.

Target new and specialized users.

Work with community higher education centers.

Develop guidelines for use by local, state, regional or
national levels on processes involved in determining
customer needs including:

- marketing - informing potential new users
- public participation meetings
- questionnaires
- follow-up interviews

One view: Each agency must make their own decisions
about their cutomers.

Counter: Guidelines could be set, then agencies could
tailor them for their own applications.

Suggestions to mail our information to explain what, how,
why we are doing what we are doing.

Agreed to form a continuing/follow-up committee consisting
of Dennis, Tommie Parham, Dave Richmond, Jerry Latshaw,
Steve'strenger, Clif Fanning, WNTC, and Cooperative
Extension.
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2. Soil Survey Program, Background Questionnaire;
by Tommie L. Parham, June, 1992.

C. Program Evaluation Reports

1. Report of the Task Force for the Review of
Procedures for Publishing Soil Surveys; William L.
Vaught, USDA-SCS, June 25, 1973.

D. Literature

1. Popenoe, J. H., Collecting and Using Soil
Survey Information in Park Management: Examples from
Redwood National Park. Redwood National Park, P.O. Box
7, Orick, CA 95555.

2. Hodges, D.G., V.N. Parmele, A.E. Luloff, C.T.
Smith, Jr., Use of Forest Soils Information by New
Hampshire Foresters. Journal of Soil and Water
Conservation, May-June 1992, pp. 268-271
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PART I. CHARGES

1. Identification and Understanding of Customer
Requirements

A. Recommend ways to reach the customer(s) to
determine what they need in the way of soil survey
information - content, interpretations, format.

1. Evaluate all methods and w that have been
used to reach customers to find their needs. Identify
those methods that provide the most response and
highlight those that have been the most successful.

2. Evaluate and identify potential new ways to reach
customer(s) for their input, i.e., public participation
process, telephone polls, newsletters, questionnaires.

B. Develop procedures to query the customer(s) to
determine their needs and/or uses of soil survey
information.

1. Evaluate items such as interpretations needed;
publication format desired; parts of the report that are
never used, seldom used, frequently used or very
frequently used; suggestions to improve the report;
other interpretations needed for inclusion in the sample
form.

C. Identify customers.



PART II. INTRODUCTION

Meeting user needs is the basic premise of soil survey. As
Soil Scientists, we should pride ourselves for our
conscientious and continued efforts to meet customer needs.
In every aspect of Soil Survey, we apply scientific
principles to meet customer needs. We define the scope and
content of new survey projects on the basis of anticipated
land uses and soil information needs. We tailor map unit
design decisions according to interpretation needs. We
have a taxonomy system with class limits defined on the
basis of known responses to use and management or predicted
soil behavior. We make correlation decisions with an over-
riding concern for interpretations.

We continually ask our customers, the soil survey users,
what their needs are. And then we challenge ourselves to
develop ways to meet those needs. We know that we can meet
some needs, but not others. We also know that we can't
meet all needs and will have to make choices. To provide
for some customers, will require that we do business
differently. For example, water quality concerns relate to
both the near surface soil the the underlying vadose zone.
If we choose to address this zone that is below the primary
depth of biological activity, new methods of examining,
characterizing,'predicting  and interpreting deep soil
properties will need to be developed. The challenges are
there, and we will meet them as we always have.

Changes in the way we do business are a part of business for
us. One specific change this committee has undertaken is to
replace the word "user" with l'customer.@' Customer is a
user-friendly word that reinforces the relationship between
ourselves as producers, and those who we serve.



PART III. DISCUSSION AND FINDINGS

A. Recommend ways to reach the customer(s) to determine what
they need in the way of soil survey information - content,
interpretations, format.

1. Evaluate all methods and ways that have been used to
reach customers to find their needs. Identify those methods
that provide the most response and highlight those that have
been the most successful.

2. Evaluate and identify potential new ways to reach
customer(s) for their input, i.e., public participation
process, telephone polls, newsletters, questionnaires.

A.l. Methods to reach customers

The following are methods that have been used to reach
customers:

a) questionnaires
b) open forum/meetings
c) meetings for specific soil management problem
d) marketing and follow-up
e) personal contacts with professional organizations
f) personal involvement in non-soils programs within
agencies
g) through partners such as extension service,
planning, boards, RCDISWCD's
h) public service announcements for customer needs
meetings
i) local media/articles for new surveys or meetings
j) mailings
k) telephone polls to specific professional groups or
industries
1)
ml
t-0
0)
P)
q)
r)

:;
u)
v)
w)
x)
Y)

MOU development meetings
1st acre/last,acre  ceremony
testing process during survey project
soil potential studies
field reviews
programs for service clubs/scouts, etc.
community colleges/higher education center
through public affairs staff
training exercises for specialized customers
SWCS public forum
computer bulletin boards
tours
fair booths
long range plan development

A.2. Evaluation of methods



a) Questionnaires: Questionnaires have been used to
evaluate the soil survey program's effectiveness in meeting
customeP needs. They have also been used to query customers
that work outside of the program or agency about their
needs. They are commonly distributed at meetings or through
the mail by agencies and Resource Conservation Districts.

Questionnaires are the best way to gather information from
large groups of people, if used appropriately. However,
they have limitations because they are often structured in a
way that influences the customer to tell us what are already
know or want to hear. In many cases, customers don't know
enough about soils or the kinds of services soil scientists
can provide to identify their needs using a questionnaire.

The Vauqht Study Group (1973) was successful in bringing
about significant changes to the soil survey report format
and content. A copy of the questionnaires used by this
group have not been obtained. The report is attached.

Questionnaires provided by this committee are listed in the
Table of Contents. A copy of each will be attached to the
final report of this committee.

b) Meetings/ open forum/ public participation. This was the
method most frequently discussed by committee members. The
most common type of meeting discussed was for an individual
soil survey. These meetings were held to initiate the soil
survey and determine local user needs. This method was
determined successful, however good publicity provided by
cooperators such as Extension Service, RCD's/SWCD's or
planning departments was vital for success. Initial
identification of customers targeted for invitation to these
meeting is a part of this process.

Another meeting approach included quarterly meetings open to
anyone interested in soil survey. This was productive in
generating ideas, but there was not enough time to carry out
the ideas. The benefit of these meeting was the generation
of interest by agency and local county officials.

A third kind of meeting was with a group of people who had a
specific soil problem. The purpose of the meeting was to
discuss how to solve the problem. This was an effective
method of meeting customer needs.

c) Public service announcements, local media coverage.
These methods were used primarily to inform customers of
upcoming user needs meetings.

d) Personal contacts with special interest groups
(professional groups, industry). This was recommended as
effective follow-up to meetings that were designed to inform
and train people on the use of the soil survey. Personal
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discussions with individuals who aggressively used soil
survey information were also described as effective if we
listened to the customer's requests, no matter how non-
traditional they were.

e) Literature search on "using soil survey information".
Conduct a literature search of published articles to locate
information on customer needs. An example of a article
discussing this subject is "Collecting and Using Soil Survey
Information in Park Manasement: Examoles from Redwood
National Park by James HI Popenoe, Redwood National
(See attached article)

f) Long range plan development. Involve local and
governments in the development of long range plans.

Park.

state

B. Develop procedures to query the customer(s) to determine
their needs and/or uses of soil survey information.

1. Evaluate items such as interpretations needed;
publication format desired; parts of the report that are
never used, seldom used, frequently used or very frequently
used; suggestions to improve the report; other
interpretations needed for inclusion in the sample form.

B.l. Procedure to determine customer needs

a) A proposal which numerous committee members discused and
supported was a combination approach of Marketing-Meetings-
Questionnaires-Followup. This was considered the most
successful approach because all vital steps were a part of
the process. Marketing is the step in which customers are
aggressively sought out to insure the greatest number and
variety are contacted. Meetinss are designed to train the
customers and potential customers on how to use the soil
survey. This gives them an informed background with which
to respond to questionnaires. Questionnaires are provided
after the meeting to get input from meeting attendants.
Content of the questionnaires will vary depending on the
objective. A common objective is to determine local
interpretation needs for a new soil survey. Another
objective is to determine soil survey information needs of
state government. Personal follow-up meetings, interviews,
visits or phone calls are necessary to stimulate discussion
and reveal specific needs of individual customer groups
(engineers, planners, farmers, etc).

Each meeting situation will require its own set of
questions, depending on the objectives. Key people in the
target audience should be assembled to discuss and help
develop the questionnaire. This will enhance credibility
and support for the process. Objectives should be clearly

I .sz t



defined before a questionnaire is developed. Fotential
issues to address for customer needs questionnaires are:

-sources of soil information used
-business/occupation of customer
-section of soil survey report used
-interpretations used and needed
-soil data elements used and needed
-frequency of use
-publication format desired
-need for electronic text files
-need for electronic soil attribute files (databases)
-need for electronic spatial data files (GIS)
-suggestions to improve report, maps or database.
-quality/availability of assistance from soil
specialists.

Information from these meetings should be compiled and
passed on to the next higher agency level for incorporation
in program development activities.

The amount of time required to follow the comprehensive
Marketing-Meetings-Questionnaires-Follow-up method will be
determined primarily by the size of the target audience and
the complexity of the questionnaires.

b) An evaluation sheet included in each published soil
survey report (or other product deliveries) is another
suggested method of gathering information from customers. A
set of questions similar to those in the US Army Ballistic
Research Publication could be developed. (See appendix)

C. Identify customers.

1. One committee member suggested we define a "non-typical
client group. I' This is an appropriate consideration. A non-
typical customer in one soil survey area or agency may be
typical in another. Consequently, we have listed examples
of customers. Each agency should define their own internal
and external customers.

- O u r s e l v e s  (SC~/FS/BLM/NPS/BIA)
-Agriculture - farmers, ranchers, crop management
companies, fertilizer companies, water managers,
irrigation/drainage districts
-Forestry - foresters, logging companies
-Home buyers
-Developers, realtors
-Planners
-Land assessors
-Sanitarians
-Environmental engineers
-Geologists
-Hazardous waste management industry



I
I
I
I
I
I
I
I
I
I
I

I

I

I
I
I
I
I
I

-Private consultants
-Educators
-Legislators
-Environmental groups
-City dwellers (landscaping)
-City dwellers (education)
-Local units of government
-State/federal agencies (EPA, Water Quality, Water
Resources, Air Quality, Transportation, Fish and
Wildlife, Solid Waste, Forestry, Agriculture,
Natural Resources, Geology and Mining
-Military bases
-State/federal prisons
-Schools
-Universities
-Extension service
-Bankers, lending institutions
-Environmental scientists

2. Ways to contact them include all items listed in the
discussion of methods in item A.l. Aggressive support by
Extension Service or a leading state agency is very helpful
and insures better success.

I’ 2 8



PART IV. RECOMMENDATIONS

A.1 Public participation and interview activites should be
the primary methods for determining customer needs because
of their effectiveness in capturing the needs of new
customers. Questionnaires have a value as a secondary
method in some but not all situations.

B.l Encourage soil scientists to become involved in
activities with other specialists and in agency programs
other than soil survey.

8.2 Develop guidelines for use by local, state, regional or
national levels on processes involved in determining
customer needs including:

-marketing
-public participation meeting
-questionnaires
-follow-up interviews.

(Include 1°how-to*'  information for publicity, facilitating
discussions, developing questionnaires, conducting follow-up
interviews and summarizing input.)

Continue committee:

Tommie Parham
Davie Richmond
Gerald Latshaw
Steve Strenger
Clif Fanning
Arlene Tugel
Extension Service
WNTC
NO-Tech Services

B.3 Provide a locally developed customer evaluation
questionnaire with each soil survey product that is
distributed.

PART V. ATTACHMENTS

See attached.
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Participating Task Group Members:

Hugh Alcon
Bill Broderson
Gordon Decker
Cameron Loerch
Gerald Latshaw
Bob Meurisse
Tommie Parham
Therman Sanders
Ray Sinclair
Arlene Tugel, Chair
Clif Fanning
Davie Richmond
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USE OF SOIL SURVEYS FOR ENVIRONMENTAL ISSUES AND CONCERNS:

Committee Chair - Eugene F. Kelly

Committee Secretary - Carol Wettstein

Committee Members -

Earl Alexander
Otto Baumer
Mark Blakeslee
Joseph Chiartti
Edwin Cowley
Phil Derr
Bob Drew
Herb Huddleston
Chien Lu Ping
Paul McDaniel

Larry Munn
Bob Nielsen
Gerry Nielsen
Ron Paetzold
Tom Remington
Chris Smith
Randy Southard
Bill Ypsilanti6
John MacDonald
Tom McKay

The task force addressed the charges set forth by the steering
committee which relate to the use of Soil Survey's and Soil Survey
information in addressing current environmental concerns. The
following is a summary of the committee's discussions and
recommendations.

The charges were stated as follows:

A. Evaluating existing criteria for rating soil properties with
regard to the retention, movement and degradation of
pesticides/herbicides, industrial, municipal, hazardous, nuclear
wastes and susceptibility to acid deposition.

B. Assess the use of soil surveys in studies of global climatic
change.

1. evaluate the use of higher order (small scale) original
soil surveys and soil association maps and other generalized
soil maps compiled form original soil surveys.

2. develop a minimum data set of soil characteristics
necessary for evaluating the effect of climate change on
forestry, range and non-irrigated crop production.

A. Evaluating existing criteria for rating soil properties with
regard to the retention, movement and degradation of
pesticides/herbicides, industrial, municipal, hazardous and nuclear
wastes.

Discussion centered on the following major points
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1) No existing criteria for hazardous and nuclear wastes.
Information may exist regarding some of these materials, however it
is not in a form that would be considered usable.

2) Efforts directed towards appropriate characterization of soils
with the goal being the development of such criteria.

a) Spatial and temporal problems:

Evaluation of site suitability with regard to retention,
movement, and degradation of hazardous and nuclear wastes goes
beyond the scale (temporal and spatial) that soil survey has
traditionally dealt with. We generally are concerned with the
surface 5 feet of material this is generally inadequate for
site evaluations.

b) Types of measurements: in situ vs. ex situ

1) In Situ: Knowledge of the transport and retention of
materials for municipal waste disposal and in the event
of accidental spills.. Also evaluate sites for
engineering purposes.

a. Hydrological: (retention and movement)

Textural parameters

Macro pore flow (will affect compounds that
shown to be immobile)

Permeability of the soil (in/hr) to at least 2
meters.

Presence of a seasonal high water table within
l-10 meter(s the soil surface.

Presence of bedrock or other root-limiting
layers.

Additional information gray area between soil
and geologic material.

Specific attention to fractured or un-fractured
character. Permeability of root-limiting layers
as related to fractures and joints.

How deep will we interpret geological
materials?

Soil moisture as related to the seasonal
occurrence (or lack of) gravitational water
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capable of moving hazardous substances.
saturated flow

b. Chemical, biological and physical properties:

Rate for potential in bioremediation processes

The cation exchange capacity (CEC) of the
surfacehorizon and/or horizons in the upper 24 (?)
inchesof the soils

Special analysis could be conducted by
experimental station cooperators expertise.

Chemical nature and content of soil organic
material.

Reaction (pH) of the soil.

Heavy metal content (background)

Mineralogical Composition
(dcb fe)

2) Ex situ: Knowledge of the remediation potential
(Biological or chemical) of soil. Requires physical and
chemical characterization of both soil and waste
material.

a. Characterization of soils:

Sorptive capabilities of soil materials may be
utilized effectively in some cases (remediation
of chemical spills etc.) and we may want to work
closely with biochemists in developing
interpretations for these types of uses.

b. Source material for construction

potential for land fills

potential for liners

don't know how suitable they will be for
hazardous and nuclear wastes

c. Characterization of foreign materials:



Reactivity (Not sure we have any real idea of what
is going on biologically or chemically with these
materials).

B. Assess the use of soil surveys in studies of global climate
change (climate change, land use etc..).

1. Evaluate the use of higher order (small scale) original
soil surveys and soil association maps and other generalized
soil maps compiled form original soil surveys.

Use soil survey information to identify key zones(perhaps
climatic regimes that would be sensitive. Monitor 'soil
properties in these sensitive zones. This can give us a
geographical base line reference for on-going monitoring
of soil temperature and soil moisture in selected
sensitive zones to check on significant climatic change.

Assessment of soil organic carbon (SOC) storage and trend
in the soils of selected regions.

Assist in modeling of future vegetation shifts as a
result of climate change.

2. Develop a minimum data set of soil characteristics
necessary for evaluating the effect of climate change on
forestry, range and non-irrigated crop production.

Consider the same soil characteristics for evaluating
productivity regardless of our interest in the effects of
climate change. It is important to rate systems for
resilience (buffer capacity) and base this key soil
properties (perhaps Organic C or N, weatherable
minerals). The normal fluctuations often to thirty year
cycles we've experienced over the past few hundred years
are not well reflected in soil characteristics unless
accompanied by poor or unsound management practices.

Primary characteristics that may be important:

Soil moisture

Soil Organic carbon

Weatherable minerals

Soil reaction (pH) of the surface horizon

Base saturation of the surface horizon
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Concentration of cations (in meq/lOOg) of
exchangeable calcium (Ca), magnesium (Mg),
aluminum(A1)  and hydrogen (H)

Concentration of anions (in meq/l) of sulfate and
carbonate

Content of toxic metals (in ppm) of lead and cadmium

Effective soil depth

Committee Summary and General Recommendations:

General -

1. It was agreed that a discussion regarding the use of Soil
Surveys for current environmental applications and global
change initiatives be continued on at the national level.

Charge A - Regarding Soils for the Retention/Movement of Hazardous
Materials

1. Specific attention should be made to those measurements not made
to support current Soil Survey Laboratory Characterization. In
cases some of this characterization of soils (in situ vs ex
situ or variations in depth of sampling for example) may be
better conducted by Experiment Station Cooperators.

Charge B - Regarding Global Climate Change

1. The Soil Survey should provide the overall guidance for
selecting sites and quantifying the spatial relationships (at
many scales) in global climate change investigations.

2. This area could be modified to incorporate Global Change Issues
and not specifically tied to Global Climate Change. This would
incorporate changes caused by varying land use, natural
disasters and the degradation of soil ecosystems

3. Focus on defining Soil Degradation Potential.

4. Recognition that anthropogenic influences may in fact cause
climatic change but will also magnify a change in soils brought
about by climatic variations.
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INTRODUCTION

The tour encompasses an area around Flagstaff on the Coconino National Forest. The purpose

of the tour is to observe the geology, vegetation and a few selected soils in the area. The tour

will mostly be restricted to the San Francisco volcanic field which contains rocks ranging in age

from late Miocene to Holocene and in composition from basalt to rhyolite. The tour will pass

through five of the vegetation life zones in the area of Merriam6 (1690)  classical ecological

study. Mean annual precipitation of the tour area ranges from 35 cm (14 inches) to 76 cm (30

inches) or more and mean annual air temperature from approximately I’ Celsius (34’ Fahrenheit)

to IO’ Celsius (50’ Fahrenheit). The first stop will be at Sunset Crater National Monument

where the nature of the geology resulting from the most recent volcanism of the San Francisco

volcanic field will be described. At the second stop, a Mollic Durustand will be observed, The

distinctive feature of this soil is the strongly developed duripan. The third stop will be at the Fort

Valley Experimental Forest where some of the research being carried out by the Rocky Mountain

Forest and Range Experiment Station of the U.S. Forest Service will be described. The fourth

stop which includes a Pachic Cryoboroll below Agassiz Peak on San Francisco Mountain, is an

example of higher elevation forest soils. A hlollic or Vitric Haplustand will be observed at the fifth

stop in Kendrick Park.

/37
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Geology

The tour is IoCated in north-central Arizona on the Colorado Plateau. one of  two

physiographic  provinces in Arizona (see Figure 1). Unlike the Basin and Ranee Province to

the south and west and the other physlo-graphic provinces in the western United States. the

Colorado Plateau is only moderately structurally deformed. The Colorado Plateau relief is

more the result of deep canyons cut into moderately flat terraln than of mountains a n d

valleys created mostly by deformation as in the Basin and Range Province. Volcanic

mountalns exist wlthin the province, but block-fault structural mountain  ranges do not. Hunt

(1967) described the general structure as being analogous to a stack of saucers. tllted toward

the northeast Into Utah and Colorado where the plateau meets the Rocky Mountains.

The southwestern part of the Colorado Plateau Is referred to as the Grand Canyon Sectlon.

the highest part of the province W’enneman, 1931). The most notable feature of this sectlon

1s the Grand Canyon, a classical geological feature, which exposes completely deformed

Precambrian formations and about 1.200 to 1,600 m of Paleozoic  formations. The dominant

surflcial  rocks In the Grand Canyon Section include the Permlan Kalbab and lesser amounts

of the Triassic Moenkopi and other formations except where covered by volcanic rocks.

The maln geologic feature of the tour area is the San Francisco Volcanic Field, the largest

of several volcanic fields in the Grand Canyon Section, covering more than 5.000 so. km.

Basaltic lava flows dominate  the eruptive  products of the volcanic field. More than 600

volcanoes. ranging from basaltic through Intermediate to rhyolitic In composition, have been

ldentllled.  Most of the volcanoes are basaltic scoria cones that are scattered throughout the
<

field.

The eeochronology  of the San Francisco volcanic field has been studied fairly extensively

beglnnlng  with Robinson (1913)  who divided the rocks In three perlods of eruption: (1)

basaltic  volcanlcs.  probably of the late Pliocene, (2) rhyolitic to andcsitlc  volcanoes. probably

of the early Pleistocene. and (39) basaltic volcanism, probably of the latter parr of the

Quaternary. Cotton (1937, 1967) divided the basalts of the field Into five stages based on

weathering and erosion of the cinder cones and flows. Cooley (1962)  expanded Cotton’s

(1937) ciassiflcatlon by relating the basalt ic stages to croslonal  sur faces and a l luv ia l
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deposits in the Little Colorado drainage basin adjacent and to the east of the field. Yore

recently Moore. Ulrich and Wolfe (1974)  and Moore, Wolfe and Ulrich (1976) defined five

episodes of basaltic volcanism based primarily on: (1) stratigraphic and physiographic

relatlons. (2) weathering and erosion, (3) potassium-argon and tree ring age determinations.

and. in part, (4) chemical and (5) petrographic data. The different subdivisions of the San

Francisco volcanic field are compared In Table 1.

San Fran&co  Mountain (also referred to as the San Francisco  Peaks) rising to an

elevation of 3.850 m is the most prominent geomorphic and volcanic structure In the San

Francisco volcanic field. San Francisco Mountain consists of individual remnants of a

compound composite volcano that predates the Inner Basin. a large bowl-shaped valley

(caldera) that occupies the central part of the mountain. The growth and development of the

mountain occurred during the late Pliocene and Pleistocene by the eruption of approximately

110 km’ of lava and pyroclastlc material. Estimated volumes of the lithologic  types in the

central volcano are andesite (99 km’),  dacite (13 km’) and rhyollte  (1 km)) (Helm.  1987). An

additional estimated  8 km’ have been removed by erosion (Helm.  1987). Y.I~ volcanic history

of the mountain as summarized by Holm (1986. 1987) consisted of four magmatic  cycles. each

beginning with silicic eruptions which contributed to 5 stages of volcanism during a time span

of approximately 2.5 Ma.
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The Grand Canvon  Area of the Colorado Plateau

Figure 1. Landform Features and Physiographic Provinces in
Arizona (Taken from Hendricks, 1985).
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Climate

A unique feature of the climate in Arizona is the two periods of precipitation; one season

is from December through March and the other during July, August. and September. The

proportion of winter precipitation  decreases from west to east and the summer precipitation

decreases from south to north. The biseasonal preclpltation  pattern appears to reach WualitY

in the Flagstaff-Prescott area with the same average annual moisture falling during each

period (Jameson, 1969).

Winter preclpltatlon results from storms associated  with large-scale mid-latitude CyCloniC

disturbances  which provldes the strong winter maxlmum moisture In Callfornla.  The greatest

winter rainfall In Arizona comes from storms moving eastward or northeastward from southern

Callfornla. As these storms move inland across Arizona, they drop most of their moisture  on

the mountains of the southwestern and central part of the state. These storms are

particularly noticeable along the Mogollon Rim (escarpment forming the southwestern and

southern edge of the Colorado Plateau) of central Arizona with the maximum moisture falling

on the central portion of the rim including the western part of the tour area. Downwind from

the rim there Is a dlstlnct rain shadow which 1s especially  pronounced in the Llttle Colorado

Basln east of the tour area.

Summer rainfall has a tropical orlgln. The influx of warm moist air masses from the Gulf

of Mexico  beglns about July 1 and lasts untll the end of August. The unstable air advances

into Arizona from the southeast over strongly heated land surfaces and yields moderate to

heavy afternoon  or evenlng thundershowers. There 1s no rain shadow effect assoctated with

the summer ralns since the “monsoon” alr masses do not show dlstlnct frontal characterlstlcs.

Because much of the summer preclpltatlon falls as a result of convectlon  storms, high

preclpltatlon colncldes with points of abrupt topography. Preclpltstion Is highest In summer

at about the same locatlon  as It Is In winter In the central Mogollon Rim.

There is a dlstlnct vertical zonation of climates  In the tour area. For each 300m increase

In elevation  there 1s a corresponding  decrease In temperature of aPProxlmatelY 3’C (Smith.

1956). Accompanying  this i n c r e a s e  I n  precipltatlon  Is a d e c r e a s e  In p o t e n t l a l

)w,



I
evapotranspiration and a pattern of IncreasIng  precipitation.  dlstrlbutlon of which depends I

on exposure. prevailing winds and distance from mountains.

The data presented in Figures 2. 3, and 4 are for Fort Valley, Sunset Crater National I

Monument and teupp  which represent the climatic  conditions  and soil moisture budgets for
I

most of the tour area. Climatic data are not available for San Francisco Mountain above Fort

Valley and Flagstaff although Pew6  and Updlke (1975) state that the precipitation  In the I

upper Interior  Valley is nearly twice that of Flagstaff. The data presented In Figures 2. 3.

and 4 were complied  by the USDA Sol1 Conservation Service (Unpublished data). The values I

for the potential evapotransplration were determined by the Newhall method (Newhall, 1980). I
The soil moisture budgets were determlned followlng  the approach of Thorthwaite (1948) as

modlfled  by Thorthwaite and Mather  (1955). I
The  sol1  climate LSoil  Survey Staff,  1985) of the tour area ranges from meslc-ustlc

(bordering on aridlc) to udic-crylc  at the higher elevatlons. I

Since many solls date back into the Pleistocene  past cllmatlc  condltlons  may have had a I
strong influence on the properties of these solIs. A wealth of evidence  is accumulating  from

which generally consistent inferences about the climate of the southwestern United States I
during the past 50.000 years or so can be made. This evidence  comes chiefly  from

paleobotanlcal.  palynologlcal.  d e n d r o c h r o n o l o g l c a l .  paleozoological.  glacial and pluvlal I
studles.

Plelstocen’e alpine glaciation  In Arizona occurred on San Fran&co  !,lountain provfdlng
I

evidence  Of colder  climatic conditions  (Sharp. 1942; PCwC and UpdIke. 1970;,Updike and Pew&.
I

1974; Duncklee. 19781..  Perlglaclal  phenomena occurred in nonglaclated areas during times

of glaclatlon  on Kendrlck Peak located northwest of San Fran&co .\lountain. I
A number of pollen-stratlgraphic studies  made In the southwestern Linited States were

revlewed by Hevly and Karlstrom (1974). The results of these studies showed that the I
Southwest  Pafeocllmate  was in phase wltb those of the Paclflc  Coast and mid-contInenta I
North America. When continental glaciers were espandlng.  Southwest biotic communltles  were

displaced to lower elevations and more southerly Istltudes.  Pluvial  lakes cwandcd  and I

I
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alluvial deposition was augmented by the actions of more moist and cooler climates. .AS

contlnenral  glaciers waned, the reverse biotic, geological and climatic phenomena occurred.

Widespread occurrences and discoveries in the Southwest of extremely old packrat  (genus

Neotonma)  mlddens containing abundant, well-pressured plant macrofossils recently have

provfded  good information about the nature of paleoplant communities and inferred climatic

conditions (Betancourt et al.. 1990). Results of analysis and dating of numerous packrat

middens show vegetation changes indicative of cooler and more moist climates In the

Southwest during the late Pleistocene. The results of studies of packrat mlddens in the Grand

Canyon and on the remainder of the Colorado Plateau were reviewed and summarized by Cole

(1990)  and Betancourt (1990). respectively.  In addition to a lowering of the vegetation zones

Betancourt (1990)  noted the absence of ponderosa pine on the Colorado Plateau during the

late Wisconsin.  He attrlbutes this absence to cooler and drier summers. Cole (1990) suggests

that Wlsconsln  mean annual precipltatlon  was about 8.7 cm greater and mean annual

temperatures about 6.7’C  less than today. Early Holocene climates  of the Grand Canyon had

summer precipitation  greater than today with temperatures similar to or as much as 1%

greater than today (Cole. 1990). The mlddle Holocene climates of the Grand Canyon were

probably about one degree warmer with slightly less mean annual precipitation than today.

W
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Figure 2. Waler balance for Fofl Valley.

120

J F M A M J J A S O N D J

figure 3. Waler balance for Sunsel Crater area

)( ._-__--_-

fJ ___--0

Aclual  Evapotransplration
I

Potential Evapotranstpiratron

Precipifalion

Water Deliciency

Water Surplus

Soil Moisture
Ulilizalion

Soil Moislure
Recharge

175.

150;
I

125:

lOOI

75,

i . . ., ......

SO' .......... * ..
...............

I
I

I

I
I

I
I
I

., 1.

J
._~~._~._  - _. ._~ __ _~_

F M A M J J A S O N D J

Figure 4. Waler balance Ior Leupp I

147
1 0

I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Vegetation of the Coconino National Porest

The Coconino National porea  is located within the Grand C~YO" Seerion  of the

Colorado Plateau physiogtaphic province. vegetation in the area of the Forest is

diverse due to differences in elevation. temperature, precipitation ~amounr  and

seasonal distribution), topography and geology. The area of the San Francisco

Peake and surrounding north-central 'Arizona has been studied extensively.

Merriam US901 developed the concept of vertical life zones  in this area. His

two month field expedition into the San Prancisco  Peaks and surrounding areas

provided the first  canprehenaive deecription of the plant end animal life.

Merriam defined seven  life zones on the San Prancisco Paeke  and provided a brief

description of the habitat of each zone and a discussion of daninant  plants.

These seven  life acmes  are depicted diagr-tically  below.

The San Francisco Peaks and the
Life Zone Concept

Taken fran Plateau magazine of the Mueeum of Northern Arizona. Volume  60,
Number 2.



Following is .q brief description of the major vegetation zones occuring on or

near the Coconino National Forest.

Alpine Tundra

The only true  alpine tundra zone in Arizona is restricted to the San Francisco

Peaks at elevations exceeding 3,500 meters (11,500 feet) upon Humphreys and

Agassis peaks. It occupies an area approximately 1600 acres in size. Little

(1941)  described two plant associations, the alpine rock-field (rubbleland)  and

alpine meadow.

The alpine rock-field association occupies most of the area above  timberline.

It occurs on more unstable and less weathered substrate than the alpine meadow

association. It is characterized by mosses and lichens on rock and by vascular

plants scattered among boulders. This vegetative cosmwnity represents a relict

alpine tundra flora related to the tundra of the Rocky Mountains (Moore, 1965).

Representative plant species include $&g~ a var. ?;urbinatum  (mowtain  avensl.

Garex bella  (beautiful sedge), polemonium viscosum (sticky Jacob's ladder).

Silene wxwli~  WKB~S campion),  proaFe dicwn@ (mountain sorrel), Heuchera

versicolbr (painted alumroot), a rhodanthum (Queen's crown), Trisecvm

soicatum  (spike trisetum),  ~\aroDvron  scibneri (spreading wheatgrass)  and Senecio

franciscanus (San Fransisco  Peaks groundsell. S. franciscanus. a threatened

species, is the only plant in the alpine tundra zone of the San Franc~sco Peaks

found nowhere else in the world.

/ q”?
12

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Sub-Alpine or Timberline Zone

Below the alpine tundra is a transition zone characterized by weather-beaten,

dwarfed stands (krummholz)  of Bristlecone pine and Englemann spruce. EXpOSUre to

strong and cold winter winds shape the stunted trees and shrubs. Rominger and

Paulik (1983)  described this zone as the Pinus aristatn habitat type. This

habitat type is commonly found on sooth aspects at elevations ranging from 3200

meters (10,500 feet) to 3500 meters (11,500 feet). It is characterized by widely

spaced trees and a very sparse understory.

Representative plant species in this vegetation zone include Pinus aristata

(bristlecone  pine), m gnaelmannii (Englemann  spruce), Juninerus communia

(common  juniper), .&&@ monticwum  (gooseberry currant), ThlasDi  fendleri

(wild candy tuft). Praba  a- (yellow drabal.  penstemon whipoleanus

Whipple's  penstemon)  and Festuca e var. brachwhvlla  (alpine fescue).

Spruce-Fir Forest

The spruce-fir forest on the Coconino National Forest is dominated by Englemann

spruce and Corkbark  fir. This dense, moist forest type is characterized by a

sparse understory. Moir and Ludwig (1979)  have classified this community into

E spruce-fir habitat types (plant associations) in the Southwestern Region.

Rominger and Paulik 11983)  recognized 4 of these habitat types in their

investigations of the San Francisco Peaks

is recognized as a major seral species of

Research Natural Area. Quaking aspen

this life zone.



I
Representative plant species in this vegetation zone include Picea enselmannli

I

IEngelmann  s&-we) , u lasiocama  var. arizonica (corkbark fir). PODU~US

tremuloides (quaking aspen). Ribee montiaenum (gooseberry currant), Lonicera I

involucrata  (bearberry  honeysuckle), Frasasia  ovalis  (wild strawberry),

EDilobium anqustifolium (fireweed),  Helenium hoooesii  (Orange  sneezeweed),
I

Swertie radietg  (elkweedl,  Lathvrus  arizonicu@ (Arizona peavine),  Eriseron I
suoerbug  (showy fleabane) and Bromus ciliatus (fringed bromel.

I
The mixed conifer forest is probably the most vegetatively diverse zone with I
respect to composition and frequency of species. It is characterized by four I
tree species -- Douglas Fir, White Fir, Limber Pine and Quaking Aspen. The

forest floor is typically very lush in herbaceous and shrub species. Aspen is I
a major seral  species in this zone and may occur intermixed with the coniferous

species or in nearly pure stands. Moir and Ludwig (1979) have classified this
I

cormunity into 11 habitat types in the Southwestern Region. Three other habitat I
types were recognized as occuring in the San Ftancisco  Peaks but were not

included due to limited geographic range. I
Representative plant species in this vegetation zone include Pseudotsuqa I
menziesii var. gl.zm (Douglas fir), w concolor  (white fir), pinus flexulis

(limber pine), Pinus ponderasa var. sco~ulorum (ponderosa pine), Pc~ulus I
tremuloideg  (quaking aspen), puercus  sambelii  (Gambel oak), ,m orandidsncatua I
(bigtooth maple), Berberis reoens  (Oregon  grape). w neomrxlcsn~ i::ew

Mexican locustl. tathvrus arizonicus  (Arizona peavine),  Thalictxm  ;?ntilex': I
(meadowrue), Achill* millifolium lanulosa lyarrowl, Erlqfrr” ::1,c~?1~??19 :.;lKz~w~-

I
I
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fleabane), Festuca arizonica LXrizona fescue), Muhlenbergia  moneana (mountain

muhly), KoeiariA ovramidata  (junegrass), caret foenea (sedge) and Sitanio"

)wstriq (bottlebrush squirreltail).

Ponderosa Pine Poreat

This vegetation zone is the most prominent on the Coconino NF. The forest

surrounding the Flagstaff area is part of the largest, contiguous stand of

Pondsrosa pine in the world. This vegetative zone is characterized by a single

species of tree, Ponderosa pine. It typically occurs a8 open aends with a"

understory comprised of Arizona fescue and Mountain muhly. Gambel oak may

occur ae a shrub or wderetory tree and is recognized a.8 a long-lived seral

species in this vegetative zone.

Hanks, Fitzhugh and Hanks (1983) recognized and described 4 habitat types,

sub-divided into 12 phases, in the pondarosa pine forests of northern Arizona.

Their separation of phases was based on the change in understory species as a

response to increasing precipitation.

Representative plant species in this vegetation zone include Pinus ponderoea

var. ~co~ulorum (ponderosa pine), Junioerua ~ulorum (Rocky Mountain

juniper), Junioerva deooeanng (alligator bark juniper), Quercus sambelii

(G&e1 oak), eanothus fendleri (Fendler's  ceanothus). Robina neomexicana

(New Mexico locust), A"tennaria oarvifflii (Rocky Mountain pussytoes).

Erioaonum racemosum (redroot buckwheat), Lathrvus arizonicus  (Arizona peavxnek,

Senecio uootonii (groundsel), Festuca arizonica (Ari:ona fescue), :!!thlenherqia

montana (mountain muhly), pod fendleriana (muttongrass) and Rleohnrc"cnr?"

tricholeois  (pine dropseed).

ISJ-
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Pinyan-Juniper Woodland

This vegetative zone is second only to the ponderosa pine forest in area1

extent on the Coconino  NF. It is characterized by Pinyon pine, Utah and

One-seed juniper and may include Alligator bark juniper in some geographic

areaB. The Pinyon-Juniper woodland is typically open with various shrub and

herbaceous species common in the interspace between the trees.

Larson and Moir (1986)  recognized and described 11 habitat types in the

northern and central parts of Arizona.

Reprefw.ntative  plant species include u sdulis (pinyon  pine), Juniuerus

QSteOSDeXma (Utah juniper),  g'uniDem@ moerma (one-seed juniper),

CercOCa~us  montanuti..lmountain  mahogany), m rrilobata (squawbush),  Guuntis

polvcantha (plains pricklypear),  m w Isoaptree  yucca), Berberis

fremontii (Fremont  barberry), Ehwsothamnua  nauseosu~ (rubber rabbitbrush),

Penestemon  linarioidq  (beardtongue),  Frioaonum iamesii  (antelope sage),

H~menoxw  richardsonii (bitterweed),  Boutelouq sracilie (blue grama),

Bouteloua curtioendula (sideoats  grama), &+ fendleriaq  (muttongrass),

Koeleria  ovramidata (junegrass),  Hilaria  iamesii  (galleta)  and Aristida a.

(three-awn).
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GENERAL ROAD LOG

Depart  tiAU Student Union parking lot at 7:00 am
(Travel time: 35 minutes)

As you travel east on I-40 you will have a view of the San Francisco
peaks  and Elden  Mountain in the foreground.

Elden  Mountain is a dacite dome believed to be a laccolith which
ruptured its sedimentary cover. It is one of several silicic volcanic
centers that range in composition from &cite to rhyolite. Columnar

jointed dacite lava flows are visible on the southern flanks of the
Muntain. As we travel further North along U.S. 89 you will notice
the barren north slope. This is the result of the Radio Fire of 1977.

The San Francisco Peaks have formed within the last 1 million years.
Humphrey's Peak, elevation 12,670 feet is the highest point in
Arizona. It consitlts  of 2,000 feet of andesites and dacites that
erupted over a period of 470,000 years. The cnce steep-sided shape
was modified at the sumnit  and the northeast side by en explosive
sidewards collapse into the caldera. This event happened
approximately 300,000 yeare ago, forming an interior valley called the
Inner Basin. The Inner Basin shows evidence of Pleistocene glaciation
in the form of U-shaped valleys, glacial moraines and outwash
deposits. The glacial sculpturing of the collapsed volcano left the
peaks you see to&y - Doyle, Fremont.  Agaseiz and Humphreya.

Exit I-40 and turn north on U.S. Highway 89 towards Page. On the
right hand side of the highway is a comnercial  cinder quarry.
Material is used es e base material for construction of roads and
buildings.

Approximately 2 miles to north is Doney Park, a large inter-cone
basin. Soils in this acea and further north in Black Bill Park are
classified as fine-loamy, mixed. Typic Haploborolls.

TO the north of Black Bill Park, on the east side of Highway 89. is an
area of basalt flows and overlying cinder deposits. To the west is an
outwash  plain of mixed alluvium from the San Francisco Peake. Soils
occuring  in this alluvial material have been classrfied as
loamy-skeletal, mixed, Mollic Eutroboralfs.

Approximately 30 minutes after departure you reach Forest Road 545
which leads to Sunset Crater National Monument. AS you crave1  towards
the entrance, Sunset Crater is visible tc the east.

Stop $1 - Bonito Campground Amphitheater for a presencacxcn
by Sunset Crater  personnel on the rlaturnl  hlsto:y,
!Jeclcgy  and cultural rescurces  of the area.

15-s
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After lunch and the visit at Fort Valley, we will return east on U.S.
Highway. 180 to Forest Road 516. We will then travel north on this

road to the Fairfield Snowbowl  Ski Area.

The dominant geology along the road includes dacite and andesite.  As
elevation increases along the route, the transition from Ponderosa
pine to mixed conifer forest CM be seen. This transition occurs at

approximately 8000 to 8400 feet depending on aspect. The dominant
soils occuring in the ponderosa pine are loamy-skeletal, mixed. Mollic
Eutsobosalfs. In the mixed conifer areas, the dominant soils are
loamy-skeletal, mixed, Eutric  Glossoboralfs.

Continuing along this highway, the transition from mixed conifer to
spruce-fir forests becomes evident at approximately 9400 feet in
elevation. C-on soile occuring in the areas of spruce-fir forest
are loamy-skeletal, mixed, Argic Cryoborolls.

Visible from Stop 4 is the only area of alpine tundra in the state of
Arizona. This vegetation camnunity occupies approximately 1600 acres
at the summit of the San Francisco Peaks. Soils occuring in this area
have been classified as sandy-skeletal, mixed, Pergelic Cryochrepts.

Stop #4 - loamy-skeletal, mixed, Pachic Cryoboroll
{Stop time: 60 minutes)

Depart Stop #4
(Travel time: 40 minutes)

After our stop near the Fairfield Snowbowl  Ski Area, we will return
via FOreBt  Road 516 to U.S. Highway 180. We will then travel
northwest approximately 14 miles to Kendrick Park.

The geology along this route is dominantly basaltic lava. The most
common soils occuring in these areas  are fine. montmorillonitic,
Mollic Eutroboralfs and fine, moncmorillonitic, Typic Argiborolls.

TO the east of the highway, the prominant landform  is the San
Francisco Peaks. As we near the intersection of U.S. Highway 180 and
Forest Service Road 514, Kendrick Peak is visible to the west.

Proceed east  on Forest Road 514 approximately 1.5 miles to step  5.

Stop #5 - ashy-skeletal Over cindexy,  frigid Mollic Hapluscands or
Vitric  Haplustands

(Stop time 60 minutes)

Depart stop #5
ITravel time: 45 minutes)

This concludes the field tour. We will return to Flagstaif  3lsng C.5.
Highway 1.90. Travel time back to the NAU campus iS approxlratcly 45
lllln"teS.
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After lunch and the visit at Fort Valley, we Will return east on U.S.
Highway 180 to Forest Road 516. We will then travel north on this

road to the Fairfield Snowbowl  Ski Area.

The dominant geology along the road includes dacite and andesits.  As
elevation increases along the route, the transition from Pondsrosa

pine to mixed conifer forest can be seen. This transition Occurs at
approximately 8000 to 8400 feet depending on aspect. The dominant
soils occuring in the ponderosa pine are loamy-skeletal, mixed. Mollic
Eutroboralfs. In the mixed conifer areas, the dominant soils are
loamy-skeletal, mixed, Eutric  Glossoboralfs.

Continuing along this highway, the transition from mixed conifer to
spruce-fir forests becomes evident at approximately 9400 feet in
elevation. Conanon  soils occuring in the areas of spruce-fir forest
are loamy-skeletal, mixed, Argic Cryoborolls.

Visible from Stop 4 is the only area of alpine tundra in the state of
Arizona. This vegetation ccnmnunity occupies approximately 1600 acres
at the sun&t  of the San Francisco Peaks. Soils occuring in this area
have been classified as sandy-skeletal, mixed, Pergelic Cryochrepts.

Stop #4 - loamy-skeletal, mixed, Pachic  Cryoboroll
(Stop time: 60 minutes)

Depart Stop #4
(Travel time: 40 minutes)

After our stop near the Fairfield Snowbowl  Ski Area, we will return
via Forest Road 516 to U.S. Highway 180. We will then travel
northwest approximately 14 miles to Kendrick Park.

The geology along this route is dominantly basaltic lava. The most
common soils occuring in these areas are fine, montmorillonitic,
Mollic Eutroboralfs and fine, montmorillonitic, Typic Argiborolls.

To the east of the highway, the prominant  landform  is the San
Francisco Peaks. As we near the intersection of U.S. Highway 180 and
Forest Service Road 514, Kendrick Peak is visible to the west.

Proceed  east on Forest Road 514 approximately 1.5 miles to Step 5.

Stop #5 - ashy-skeletal over cindery,  frigid Mollic Haplustands or
Vitric  Haplustands

(Step time 60 minutes)

Depart stop X5
(Travel time: 45 minutes)

This concludes the field tour. We will return to FlagSt.xif  .3lsng  U.S.
Highway 180. Travel time back to the NAU campus is approxlmaCcly  .&S
mln"tes.
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Stop 1. Sunset Crater National YOnUIUent

sunset Crater and its associated lava flows. together with nearby scorla and agglutinate

cones, are the youngest volcanic features in the San Francisco volcanic field. The Sunset

Crater volcanism is of interest not only from the view point of geology but from archeology

as well because of its effects on the Indigenous Indian population of northern Arizona (PilIes.

1979).

neology:  Volcanic  deposits formed during the Sunset Crater eruptlon include the scoria cone

of Sunset Crater, two basalt lava flows that extruded from Its base, three rows of small scoria

and agglutinate cones east- southeast of Sunset Crater, a basaltlc lava flow from a vent

(vent 512) about 10 km east- southeast of the crater, and a tephra blanket that originally

covered over 2080 km1 (Colton. 1932; Moore and wolfe. 1976).

The eruptlon history of sunset Crater has been reviewed and summarized by Helm and

Moore (1987) as follows: The eruptlon began between the growing seasons of A.D. 1064 and

1065 and continued. probably intermittently, for about 150 years. During this time about 0.3

km’ of magma was erupted from the vent area at Sunset Crater. Approximately  three-fourths

of the magma erupted explosively  as scorla and was deposited in nearly equal amounts In the

scorla cone of Sunset Crater and the tephra blanket: about one-fourth of the magma was

extruded as lava. with nearly three-fourths of the lava contributed to the Bonita flow, a

basalt flow along the western to northwestern base of Sunset Crater.

Elemental and mineralogical (model) analysis of a sample of basalt from Bonita lava flow

are given In Table 2.

Cllmate: The climatic conditions for the Sunset Crater area are presenrcd  In FLgurc  3.

Vegetation:  With rhe eruptions of Sunset Crater vegetation  was completely destroyed for a

distance of at least 3 km In all dlrectlons  from the base of the con@ (Eggler. 1965).  Because

sol1 formatlon on the Sunset Craler volcanic  materials  hns not progressed very far the

vegetation  Is generallY  rather sparse. The best developed vegetation on Sunset Crater occurs



on the lower half of the north slope consisting mostly of ponderosa pine with lesser amounts

of limber and pinyon pine (Eggler,  1965). The other aspects of the cone have scattered trees

where there are depressions which  favor snow accumulation In winter and protect young

plants against desiccating winds. Stands of ponderosa pine are common on the tephra in the

level areas beyond the base of the cone. Lava flows have even more restricted plant growth

than the cone with crustose lichens  forming a thin cover over a part of the bare surface In

some areas. Vascular plants are

accumulation  of eollan macerlal.

restrlcted  to those parts of flows where there 1s an

Sol1 Formatlon: The coal and relatively dry climate has resulted only In lnclpient  soil

formation.  Typic  Ustorthents are the domlnant ~011s  present In the Sunset Crater tephra. Soil

formatlon  has not progressed far enough for the soils  to have developed andlc properties to

the extent that they would be classified as Andisols. One exceptlon to thls Is the presence

of a Vitrandic  Haploboroll formed from tephra deposited on the north slope near the top of

O’Leary Peak to the north of Sunset Crater. The thickness  of the original tephra and the

subsequent andlc  sol1 materIa1  was too thin to qualify as an Andisol. Thls higher  elevation
. .

so11 contains a mixed conifer  vegetation. The basalt flows except where covered by tephra

and/or other eollan material lack ~011s.

Table 2. Elemental and mineral (model) data for Bonlta lava flow from (Helm.  1986).

SiO, Tie, Al,0 Fe,O, F e 0 MnO QO c30 NazO I;?0 P,O,

48.67 1.93 14.54 1.77 9.21 0.19 8.78 10.32 X3 OS1 U.+l

Plagioclnsc Olivinc Climopyrxcnc ~lngnclilc GrUuntlln;ISs

42.7 32. 7 12.6 12.0 G.S

2 3



STOP 2. FRANCIS  CRATER

The soil at this stop, tentatively classified as a medial. mesic Moltic Durustand.  has a duripan
as its most characteristic feature.

This soil occurs on nearly level to gently sloping elevated plains. The Parent materials are
derived from basalt pyroclastic sheet deposits of ash and cinders of Quaternary age and consist
of !ephra and non-volcanic eolian material (dust)  deposited on a basalt flow. The Climatic data
for Leupp (figure 4) although a little drier and warmer approximates the climate of the site. The
laboratory characterization data are presented in Table 3. followed by the pedon and vegetation
descriptions. This soil is in complex with medial. mesic Mollic Haptustands.

Bouteloua qracilis.

If this site were an edaphic climax it would be characterized by vegetation of the subseries Pinus
e (pinyon pine), Juniperus monosoerma (one-seed juniper) and Bouteloua gracilis  (blue
grama). Currently, this subseries is an edaphic-rootic disclimax. Mean annual precipitation is
40 centimeters (16 inches), mean annual air temperature is 9 degrees Celsius (46 degrees
Fahrenheit), mean elevation is 1900 meters (6200 feet). Approximately 40 percent of the annual
precipitalion occurs durinb the periods of 01 October to 31 March.

Ground cover consists mainly of graminoida with Bouteloua & and Maria jamesii (galleta)
being the most common. Other graminoids thal may be present are Bouteloua cunioendula
(sideoats  grama), Aristida SPP. (three-awn) and Sitanium _hystrix  (bottlebrush squirreltail).  Forbs
that may be present are Sohaeratcea  sop. (globemallow), Hvmenoxvs richardsonii (bItterweed),
Mirabilis  multiflora (four o’clock), Astraaalus  Ed& (locoweed) and & wrightii  (Wright
deervetchb Shrubs that may be present include Chrysothamnus nauseosus (rubber rabbitbrush),
Chrvsothamnus  depressus (dwarf rabbitbrush), Oountia  whip&i fwhipple cholla) and Yucca elata- -
(soaptree yucca).



. ..____________._.. S of fine earth  . . . . . . . . . . . . . . . .._........___ cm, (*) per kg . . . . . . . . . . . . . .
._.._... ______..

_ - - - -

A 0.096 0.00 0.97 1.33 0.411 0.27 0.99 1.66 1.89 13.5
8.4 0.071 O.OL2 1.30 1.55 0.69 0.39 1.36

G.15 0.057 1.01
2.08 1.85

Bd
22.0

1.33 0.L2 0.67 1.86 1.68 2.13 27.0
EC1 O.GIJ 0.017 1.16 l.lP 0.c7 0.57
6k2

1.30
0.026 0.01‘ 0.35

1.76 2.46 71.7
0.16 0.16 0.25 0.72 0.43 2.11 80.9

S;L 1 . . . . . . . . . . . . ..__  _.__ _._. . . . . . . . . ___. _.._
C O.O!J 0.017 0.64--__-_--_ 0.32 0.19 0.37 1.20 0.80 3.L5 30.6
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___ ___ _-- ___
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VEGETATION
WC Forbs \cc

T Saka !
6 SPnAe 1.5
I EIICE P
P ASTPA 0.5
P ___ ___
___ _-- ___

Craaiaoids xc

Soqr2
MIST
Rija
___
___
___
-__
___
___
___
___
___
___
-__
___
___
-__
___
___
-__
___

3
1
S
___
-__
___
--_
-__
___
___
___
___
___
-__
___
___
___
_--
___
_-_
.--

- Hates
Eccsyrtea  is a converted piayoo-juniper woodland and according to Porest  Plan objectives will be ?aiotamed  as a
seral qrasoland.  Site has a history  of heavy qrazioq  as indicated by low canopy cover oi :ralmoids  and for?s.

- Surface Co8porteat Portst
I

category
Craninoid MI: ,’
Pcrb (Ml: T
Tree/Shrub ISAl: 1
titter I) 2.5 Cal:  5
Gravel 1.2-2 cat: 15
Gravel 12-7.5 (It: 11
Cobble  17.6-25  cai: T
stone 125-60 CII: ?
!oulder II !9 c,,: ?
?.oc<  w(crQp : !
B a r e  r o l l : $5
cr~pr:7a¶s : ‘!
\ 1)1!!:13:y  L‘O”“!  : :

Sprc*es:  ___ --- _-- ._- .__ .__

HelqQ  : __- --- --- , _-- .-_  _._

A5e : __- -__ _.. L _.. ..- _..
SI : ._- ___ ___ . . .__
Avq. SI .-_

.----- ;‘;;ol1:.d _-________-- __---- _-___-_--
.?jP !!ln I r:rc!g;?.

~~U..“--*-.-.Mm_.___..-.“.~..~~.--rrrorru ,.__N.._...M............m.
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Pinyon Pine/One Seed Juniper
MEAN MONTHLY SOIL TEMPERATURES 1990-9 1
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DeCembW

Pinyon Pine - One-seed juniper
Soil Temperature Study

January 1.1990 to December 31, 1991

Elevation 1841 mefers (6038 feet)
Precipitation 41 centimeters (16 inches)

MWUI
Monthly
Temp.

3.35

Standard
Deviation

0.41

2.4') 0.38

6.14 1.91

12.21 1.89

16.73 1.68

21.13 1.64

23.32 0.82

23.08 0.59

21.36 1.19

17.01 1.58

10.61 1.68

5.40 0.93

MRST Std.
DeV.

W&T

13.57 7.56 3.77

Std. MSST Std.
DeV. Dl?V.

1.34 22.51 1.24

MAST - Mean annual soil temperature
MWT . Mean wincer  soil temperature (December, J.wx.lr.', '.Jbru.l::.r
MSST - Mean summer soil temperature (June,  July, ;.uq~tl



STOP 4. FARFIELD SNOWBOWL

The soil at this stop is classified as a loamy-skeletal. mixed, Pachic Cryoboroll.

This soil, located adjacent to the Fairfield Snow Bowl. occurs on strongly sloping summit plains
and has formed in colluvium and alluvium from Agassiz Peak. The colluvial  and alluvial Parent
materials are derived from andesite of Quaternary  age. No climatic data are available for this
site. The laboratory data are presented in Table 4, followed by the pedon and vegetation
descriptions. This soil is in complex with loamy-skeletal. mixed. Argic Cryoborolls.

Picea enqelmannii/Abies  lasiocaroa  arizonica/Povulus tremuloides.

This subseries is characterized by mixed stands of Picea enqelmannii (Engelmann spruce), A&
lasiocarpa aritonica (corkbark fir) and POPUIUS tremuloides (quaking aspen). The absence of
Pseudotsuaa menziesii glauca (Douglas fir) and Abies concolor (white fir) helps distinguish this
from similar subseries. Mean annual precipitation76 centimeters (30 inches), mean annual
air lemperature  is 1 degree Celsius (34 degrees Fahrenheit), mean elevation is 3000 meters
(9600 feet), mean annual snowfall is 160 centimeters (71 inches) and mean annual snow
accumulation is 120 centimeters (47 inches). Approximately 50 percent of the annual
precipitation occurs during the months of 01 October to 30 March.

Understory  is mostly an herbaceous ground cover with a 5 to 16 centimeter thick layer of litter.
The understory may contain Berberis repent (Oregon grape), Ribes montiqenum (gooseberry
currant), Symphoricarpos oreophilus (mountain snowberry), Eriqcron superbus (showy fleabane),
Senecio s$& tgroundsel). Smilacina stellata (starry Solomon’s seal),, Swertia radiata (elkweed).
Lathvrus  arizonicus (Arizona peavine), Geranium richardsonii (Richardson geranium),  Helenium
hoopesii (orange sneezeweed).  u canadensis (Canada violet) and Thalictrum fendleri (Fendler
meadow rue). There is very sparse grass cover but it includes Carex w (sedge). and Bromus
w (fringed brome).  At lower elevations Pseudotsuqa menmglauca  and A& concolor
may be present.



Table 5. Laboratory characterization of the Pachic Cryobo:

DCWh ,7""
"or Cm ?. s.3r.d S i l t Clay or9 C Y C:”

Pfl n20

II I I 1 . . . . . . . . . . . . .._... _ Xof fine ee.rth ---.---- I I

II *1 A2 12.  o- 13  12 24.2 28.2 25.8  2t.2 L9.l  50.3 0.27 0.22 13.7  12.9 5.36 5.50
A3 SJ- 59 28.1 2t.a 56.0 19.2 2.46 0.20 12.3 5.62
&B 59. 63 31.0 2P.B 51.4 111.2 1.70 0.12 14.2 5.71
Btl 83. 9 6 2 6 . 4 31.P 48.7 19.4 0.76 0.055 13.8 5.83
812 V6-10s ‘0.L 33.1 (5.2 21.7 0.68 0.043 15.8 6 . 1 9

>ll.

ptl CatI

4.w
4.66
5.02
5.13
5.30
5.45

. ..-........-.................~............~..-~----~-- x of fin l arth ..-......._____.._..-._.....-._--...-~__

c II K+ll 0 F

0 1 1 1
0 1 1 1
0 1 2 1 1
0 1 2* 1

1
1 1

2 _ _.,sm - S*Ec,ItC. " = *cI-Itc"IItc. C : cI8Iwite. II = mica. K l H = kaolinitc  + haitoysite,  a = guartt and Fe = feldspar 'Y
0 = not dclcctcd. 1 : tri:e quuntlt!cs, 2 = small quantities, 3 = nedivn quantities, 4 = large quantities
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Xr~Nn  COI;TAIIIS  Crylc :  O U T P U T  S C R E E N
USDA Forest Service. R-l. SIT:  6ESCR!?“IW

lap Sysb: 740
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Engelmann  Spruce - Corkbark  Fir - Quaking Aspen
Soil Temperature Study

January 1, 1989 to December 31, 1991

Elevation 2877 meters (9440 feet)
Precipitation 76 centimeters (30 inches)

MAST Std.
D-Z-#.

4.12 2.88

l4es.n
Monthly
Temp.

Standard
Deviation

1.40

1.07

0.99

1.33

2.34

4.89

0.31

0.20

0.08

0.31

0.59

1.03

7.69 0.61

8.56

0.42

6.57

0 . 2 7

0.44

0.70

4.15

2.04

0.48

0.49

MWST

1.55

Std.
DeV.

M.$ST

0.53 15

Std.
Dev.

1.71

MAST - Mean annual soil temperature
MWST - Mean winter soil temperature (December, ;anu.~r,'.  F.‘brLa::-
MSST - Mean summer  soil temperature  (June.  July. ;ruqusc.)



STOP 5. KENDRICK PARK

The soil at this stop is tentatively classified as ashy-skeletal over cindery, frigid Mollio
Haplustand or Vitric  Haplustand (subgroup placement pending determination of 1500  Wa water
retention).

This soil occurs on nearly level to gently sloping elevated plains and is formed in a PYroclastic
sheet deposit of cinders and volcanic ash younger than 17,000 years (Wolfe et at.. 1937) in
Kendrick  Park. The cinders af this sheet deoosit contain abundant microlites  and
microphenocrysts of plagioclase and scattered phenocrysts of clinopyroxene and Olivine  set in
a glassy, vesicular groundmass. The climatic data for Fort Valley (Figure 2) approximate the
climate of this site. Laboratory data, are given in Table 5. followed by the pedon and vegetation
descriptions.

Festuca arizonica/Muhlenberqia montana.

If this site were an edaphic climax it would be characterized by the & ponderosa (Ponderosa
pine) and Festuca arizonica (Arizona fescue) habitat type. Currently, this subseries is an
edaDhiC-fire disclimax. It occurs in areas with a history of intensive grazing. Graminoids are
abundant and diverse. Mean annual precipitation is 55 centimeters (22 inches). mean annual
air temperature is 6 degrees Celsius (43 degrees Fahrenheit). mean elevation is 2200 meters
(7200 feet), mean annual snowfall is 120 centimeters (47 inches) and mean annual snow
accumulation is 35 centimeters (14 inches). Approximately 55 percent of the annual
precipitation occurs during the periods of 01 October lo 31 March.

Graminoids consist mainly of Festuca arizonica, Muhlenberaia moo&a (mountain muhly), &
pratensis (Kentucky bluegrass), Blepharoneuron tricholepis (pine dropseed), Carex sDp.  (sedge),
Koeteria  pyramidala (Junegrass],  Muhlenberqia  wrightii  (spike muhly),  Sitanion m (bottlebrush
squirreltail).  Aqropyron smithii (western wheatgrass) and Bromus anomalus (nodding brome).
Forbs that may be present are Achilles millefolium lanulosa (western yarrow). Artemisia m
(fringed sagebrush), t-upinus  arqenteus (silvery lupine). Antennaria rosea tpussytoes). Lathyrus
arizonica (Arizona peavine). Oxytropis  lambertii (Lambert locoweed), Geranium caespttosum
(purple geranium). Erioqonum racemosum tredroot wild buckwheat). Eriqeron speciosus (Oregon
fleabane), Hymenoxvs richardsonii tbitterweed). Verbascum thapsus tmullein),  Senecio a
tgroundsel). Penstemon m (beardtongue), Traqopooon w fsalsifyl a n d  Gutrerrerra
sarothrae (broom snakeweed).  Shrubs are generally absent.

3 6
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Ponderosa P i n e  - Gambel O a k

Soil Temperature Study

January 1, 1990 to December 31, 1991

Elevation 2235 meters (6930 feet1
Precipitation 51 centimeters (20 inches) I

MAST Std.
De-I.

7.88 4.53

Monthly Standard
Temp. Deviation

2.94 0.53

2.03 0.31

2.31 0.63

4.72 1.06

7.49 1.00

10.67 1.16

13.71 0.43

14.21 0.23

13.00 0.42

11.55 1.12

7.28 1.13

3.85 0.57

NWST

2.99

I
I

Std.
Dev.

0.83

NAST - Mean annual soil temperature

I
I
I
I
I
I
I
I

MSST Std.
DeV.

12.86 1.58 I
I

MWST  - Mean Winter soil temperature (December, Januar-;. ?ehruar-;I
MSST - Hean summer soil temperature (June, July, Auguor) I

I
I
I



Appendix A - Andic Soil Properties

TO have andic soil properties, the soil material must hqve less than
7.5 percent organic carbon and meet one or both of the following two
requirements:

1. Either

a. Acid-oxalata-extractable aluminum plus l/2 acid-oxalate
extractable iron is 2.0 percent  or more in the less than 2.0 mm
fraction, and

b. Bulk density of the less thy 2.0 WI fraction measured at 33 kPa
water retention, is 0.90 g cm or less, and

c. Phosphate retention' of the less than 2.0 nm# fraction is
85 percent or more; or

2. The less than 2.0 am fraction has phosphate retention of more than
25 percent and the 0.02 - 2.0 nm fraction is at least 30 percent of
the less than 2.0 mm fraction; end meets one of the following three
requirements:

a. The less than 2.0 mm fraction hae acid-oMlate-extractable
aluminum plus 1.2 acid-oxelate-extractable iron of 0.40 percent or
more, end there is et least 30 percent volcanic glass in the
0.02 - 2.0 wi fraction, or

b. The less then 2.0 xmn fraction has acid-oxalate-extractable
aluminum plus l/2 acid-oxalate-extractable iron of 2.0 percent
OT mOIe, and there is at least 9 percent volcanic glass in the
0.02 - 2.0 mm fraction, or

c. The less than 2.0 mn fraction has acid-oxalate-extractable
aluminum plus l/2 acid-oxalata-extractable iron of between 0.40
percent and 2.0 percent, and there is enough volcanic glass in the
0.02 - 2.0 mn fraction that the percentage of glass, when plotted
against the percentage of glass, when plotted against the
percentage of acid-oxalate-extractable aluminum plus l/Z acid
oxalate-extractable iron, gives a point within the shaded area of
Figure 1.



KEY TO SOIL ORDERS

In this key and the other keys that follow, the diagnostic horizons
and the properties mentioned do not include the properties of buried
soils except their organic carbon if of Holocene age, sndic soil
properties, and base saturation. Properties of buried soils are
considered in the categories of subgroups, families, and series but
not in those of order, suborder, and great group. The meaning of the

term "buried soil" is given in chapter 1.

A. Soils that either

1. Have organic soil materials that extend from the surface to one
the following:

a. A depth within 10 cm or less of a lithic or paralithic contact,
provided the thickness of the orgbinic soil materials is more than
twice that of the mineral soil above the contact; or

b. Any depth if the organic soil material rests on fragmental
material (gravel, stones, cobbles) and the interstices are filled
with organic materials, or rests on a lithic or paralithic contact;
Or

2. Have organic materials that have an upper boundary within 40 cm
of the surface, and

a. Have one of the following thicknesses:

(1) 60 cm or more if three-fourths or more of the volume is
moss fibers or the moist bulk density is less than 0.1 per
cubic centimeter (6.25 lbs per cubic); or

(2) 40 cm or more if

(a) The organic soil material is saturated vith water for
long periods (more than 6 months) or is artificially
drained; and

(b) The organic material consists of sapric or hemic
materials or consists of fibric materials that are less
than three-fourths moss fibers by volume and have a moist
bulk density of 0.1 or more; and

I
I
I
I
I
I
I
I
I

I
I
I
I

I
I
I
I
I
I



b- Have organic soil materials that

(1) Do not have a mineral layer as much as 40 cm thick either
at the surface or whose upper boundary is within a depth of
40 an within the upper 80 cm from the surface; and

(2) DO not have mineral layers, taken cumulatively, as thick
as 40 cm within the upper 80 cm; and

c. Do not have andic soil properties in layers 35 cm or more
thick within a depth of 60 cm from the surface.

Wistosole, p.225

B. Other soils that have andic soil properties throughout subhorizons
whether buried or not, which have a cumulative thickness of 35 cm or
more within 60 cm of the mineral soil surface or upper boundary of an
organic layer that meets andic soil properties, whichever is
shallower.

Andisols,  p . 1 2 9
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Appendlx B - Laboratory Methods

The followlng laboratory methods were used for the characterization  of the three soils:

1. Particle  size analysis. The fine earth was separated from the coarse fragments by sieving

through a 2 mm sieve with the two separates being determined gravlmetric. The coarse

fragments of the soils of the two Andisols were further subdivided at 0.5 8 (9 = -logId)

lntervals by sieving.  The organic matfer.was removed from the flne earth with H:O: and

NaOAC buffer at pH 5. Dispersion was accomplished by a combination of ultrasonics and

chemical treatment (either HCI or Na pyrophosphate) (Kanno and Arlmura.  1967). Sand was

separated from sllt + clay by wet sieving. Clay was separated from silt by repeated

centrifugatlon and decantatlon (Jackson. 1956) and determlned gravimetrically. The sand

separate was further fractionated at 0.6 8 intervals by sieving. The silt was also further

fractionated  at 0.58 intervals by repeated gravity sedimentation and decantatlon using

2.

3.

4.

6.

6.

the appropriate settling time for each particle size separate based on Stokes’ Law

(Jackson, 1956). The separated fractions were measured gravimetrically.

Organic Carbon. The organic carbon was measured using a modlfled Mebius method

(Yeomans and Bremner, 1966).

Nitrogen.  The nltrogencontent  was determined using the conventlonal semi-micro Kjeldahl

method (Bremner. 1965).

pH. The pH values were obtained In 1:2 soil:water and 1:2 soil:O.Ol~ CaCII using a glass

electrode pH meter.

Catlon  Exchange Capacity and Exchangeable Catlons. The conventIona ammonium acetate

(pH 7.0) method was used to extract the exchangeable bases and determine the cation

exchange capacity of the soils (Chapman, 1965). The extracted Ca” and Yg:’ were

determlned by atomic absorptfon  and the Na’ and K’ by flame emission nnalysls. The NH,

was determlned following a semi-micro Kjeldahl dlstlllatlon.

Pyrophosphatc extractable Fe and Al. The extraction and dctermlnation of pyrophosphatc

Fe and Al followed that of McKeague  (1967).

7. Ammonium  Cxalste Extractable Fe, A) and SI. The ammonium oxn~atc  extrsctfons tn the

dark and the determlnatlons  of Fe and ~1 were carried  out using the Procedure of

/ 8 i
4 6



a.

9.

Schwertmann (1973). The extractable Si was determined specrrophotometrically (Weaver

et al.. 1966).

Sodium Dithionite-Citrate Extraction. This extraction used the method of Holmgren (1967)

as modlf’led  by Blakemore et al (1987).

Phosphorus Retention. The phosphorus retention  was measured using the technique

described  by Blakemore et al (1987).

lO.Clay  Mlneral  Analysis. The clay mlneral  analysis was carried  on the clay (<2 urn) by x-

ray dtflraction. Subsamples were saturated wlth Mg and with K and oriented mounts were

prepared on glass slides (Theissen  and Harward. 1962). X-ray scans were made of the Mg

saturated samples following air drying  and solvating  wlth ethylene glycol and of the K-

saturated samples following air drying and heating at 300” and 600°C.

w
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Appendix C _ Integration of Terrestrial Ecosystem Components

The complex interaction of climate, soil and vegetation gives rise to several

different terrestrial ecosystems. The interrelationship between soil, climate

and vegetation is depicted in the following diagram:

CLIMATE

//'\
/ \

SOIL <------>  VEGSTATION

The diagram indicates that soil and vegetation are influenced by climate and by
each ocher. The product of these interactions is a terrestrial ecosystem
(Jenny, 1958)

The three components of a terrestrial ecosystem can be arranged into a infinite
number of combinations. Direct gradient analysis (ICessell,  1979) is used to
integrate these components to a realistic number. The basis for the initial
segmentation of the gradient into uniform segments is by 6oil moisture and
temperature regimes. This results in the pralimihary continuum. The
correlation of indicator plants with the soil moisture-temperature regimes
results in a further refinement of the segments. The final phase consists of
integrating soil categories @oil Taxonomy) to form individual terrestrial
ecosystems. The resultant ordered alignment of terrestrial ecosystems is a
continuum of climax categories of vegetation and their associated soils. These
ecosystems are arranged ssquencially in climatic columns numbered l-8 along a
gradient from hot-dry to cold-wet extremes. Within each climatic column
ecosystems can be related to climax and disclimax classes. It is possible to
move from climax to disclimax or vice-versa within limits indicated in the
columns, but not betvee"  columns.
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List of Abbreviations for Direct Gradient Analysis Matrix

Soil temp./moist. study I 1

Data for modal site

Climatic Type(T+ewartha)
MAAT deg. C
AT deg. C by 4 se8sons

AT deg. C by 2 seasons
AT deg. C by soil seasons
MAST deg. C 0 50 cm
MSST deg. C 0 50 cm
MWST deg. C 0 50 cm
MAST deg. C @ 50 cm Disc

MSST deg. C B 50 cm Disc

MWST deg. C @ 50 cm Disc

FFP no. days
MAP cm
AP 'c of arm. by 4 seasons

AP 5 of arm. by 2 seasons
AP % of arm. by soil seasons
MAScm
MASACIll
SP Ino.
aPET cm
Water balance cm
MLSP k Of Ann. ~10/01-03-31r
2 yr 6hr storm cm
MEm
STR
slm

National Oceanic and Atmospheric
Adminstration-climatoloqical  data
Long term soil temperature/moisture study (ForesC
I D number and location)
Data not enclosed in { ) or I J is predicted from
from graphs etc. for modal site.
Classification according to Trewartha
Mean annual air temperature
Air temp. by (Jan.  Feb. Mar.)-(Apr. May
June)-(July Aug. Sept.)-(Oct. NOV. Dec.)
Air temp. by tnpril-Sept.)-(Ott-Mar.)
Air temp. by soil seasons (June-Aug.)-(Dec.-Feb.)
Mean annual soil temperature
Mean sununer  soil temperature &me-August1
Mean winter soil temperature (Dec.-Feb.)
Mean annual soil temperature 0 disclimax (Removal
of overstoxy)
Mean sununer  soil temperature 0 disclimax (Removal
of overstoxy)
Mean winter soil temperature B disclimax (Removal
of overstory)
Freeze free period
Mean annual precipitation
Annual ppt. by (Jan. Feb. Mar.)-(Apr. May
June)-(July Aug. Sept.)-(Oct. Nov. Dec.)
annual ppt. by (April-Sept.)-(Ott-Mar.)
Annual ppt. by soil 8easons  (June-Auq)-(Dec.-Feb.)
Mean annual  snow
Mean annual snow accumulation
Snow period
Adjusted potential evapo-transpiration
Water balance
Mean low sun precipitation as percent of annual
Storm probability for USLE
Mean elevation
Soil temperature regime
Soil moisture regime
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Business Meeting

- A short business meeting was held to discuss the location of
the next Regional Cooperative Soil Survey Conference.

Jim Culver reported the Midwest Region went on record at thier
Regional Conference to hold a joint meeting with the West in
1994 - if the West was agreeable. Illinois is the host state
for the Midwest in 1994 with the University of Illinois
representative serving as Chair.

Coeur D'Alene, Idaho was proposed with Bur%?au of Land
Management (BLM) as Chair.

Mark Jensen, US 2 and Gordon Decker, SCS proposed Bozeman,
Montana.

Carol Wettstein, SCS, proposed Colorado.

A final decision on location was not made at this time.

- A recommendation was made that all committees should continue,

- Some discussion on the role of each cooperator in the NCSS
program with respect to "Future Role of the Extension Service"
took place. It was felt that this should be a topic at the
1994 conference.

Mario Valverde, WNTC, made a motion, seconded by Tommie Parham,
SSS, NM, to set up a committee with representatives from each
cooperating agency. The steering committee will select the
committee or panel.
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Welcome and Opening Comments from
Dr. James V. Drew

It's a pleasure to welcome the group from the Western Regional Soil Survey Work
Planning Conference to Fairbanks, Alaska. You have lots of technical things on
the agenda to talk about during your meetings and the field trip, so in filling
in for Chancellor O'Rourke, who unfortunately could not be here today, I'm going
to tell you a little bit about Fairbanks and about the University of Alaska, and
try not to dwell very much on the technical subjects that you'll be hearing about
in much more detail later on.

You hear a lot of discussion about wetlands these days, and I’m sure you're
familiar with national issues on the reclamation of wetlands and what they mean
in terms of people using the land. Most of Alaska is a wetland. As you come
into Fairbanks and look around, everything's green, yet we have only about 18
inches of precipitation a year. Now if you were in eastern Colorado with that
much precipitation, everything would be brown, but here it's green. Why is that?
Well, across much of the area there is some permafrost, which tends to block the
downward movement of moisture, so moisture stays in the upper layer. Even more
importantly, the evapotranspiration stress is much less here because of our low
sun angle. Even though the sun shines almost 24 hours a day at this time of
year, it doesn't present the same kind of evapotranspiration stress that we find
in, for example, eastern Colorado, where there might also be 11 inches of
precipitation. So the combination of the permafrost and the low potential
evapotranspiration leaves us with lands which frequently are perceived as being
wet. But you will see on Wednesday's field trip that when the land is cleared
and the moss layer is removed, and the permafrost table drops, it suddenly
becomes a dryland. Yet you would classify it as a wetland when the original
vegetation is there. So where else in the world can you clear land and markedly
change the physical characteristics of the soil? I don't know of any other place
where we really change the physical characteristics of the soil remarkably simply
by clearing it and preparing it for crop production, urban development, airport
development, or roads.

Why is Fairbanks here in the middle of Alaska? Well, if you've looked at a map,
you may have noticed that there are some major rivers that drain Alaska; the
Yukon, of course, is a massive river, larger than the Mississippi, and extends
for a considerable distance on into Canada, out to the west coast of Alaska.
The Tanana River is a tributary on the south side of the Yukon, but flows in a
generally western direction to get to the Yukon; and there's a smaller stream
called the Chena River, which is where we are here at Fairbanks, and the Chena
River flows into the Tanana. In fact, Fairbanks is about five miles from the
point where the Chena River enters into the Tanana River. They are interesting
rivers because the Tanana water drains from glaciers in the Alaska Range to the
south. As a result it's loaded with silt, and is very, very gray; it would not
meet EPA standards for clean water for fish or for swimming. The Chena River
is a very clear, spring-fed river, and there's a striking contrast in the
sediment load and color of the two waters as they flow together at the mouth of
the Chena.

In any event, how did Fairbanks happen to be here? It's an interesting and
colorful history. Back in the late 1800's and early 1900's, there was
substantial interest in gold discoveries in the Klondike area of Canada.
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Riverboat travel started in the late 1800's by taking paddlewheel, steam-powered,
wood-fuel-burning steamboats up the Yukon River to Dawson and other areas in the
Klondike where gold was being mined. We all know about those areas because of
Jack London and Robert Service and the legacy of literature that they left to
us. But that provided experience in bringing supplies into northern Canada and
into interior Alaska by riverboat. One of the people who was a successful
merchant in those enterprises was a fellow named E.T. Barnette. In the late
1800's he had taken one or two successful supply missions by riverboat from the
west coast of Alaska up almost the total length of the Yukon to the Dawson area,
and had disposed of his goods to the miners, and had made a lot of money. So
consequently he figured that would be a good thing to do again. In 1901 he
loaded a boatload of supplies down in Seattle and brought them up through the
inland waterway to the mouth of the Yukon River, intending to go into interior
Alaska, or perhaps even farther on east into Canada, where he would surely find
miners who were discovering gold and he could sell the supplies to them. Now
what happened was that his boat got wrecked, at a place called St. Michael's,
which is right near the mouth of the Yukon River. He was able to save the
supplies that were in the boat, although the ship was a loss. But it so happened
that there was another boat captain there, named C.W. Adams, who was able to come
to the rescue of Mr. Barnette. They loaded all of the supplies that were in
Barnette's original boat into Captain Adams' boat, and started up the Yukon with
the idea of coming up to the Tanana and then up the Tanana as far as they could
go to where there would be mining activity and they might be able to sell some
of their supplies to the miners.

Well, they got up to the mouth of the Tanana River, and turned up the Tanana.
The Tanana is very much like the Platte River in Nebraska; it's a very meandering
stream with lots of river bars and very difficult to navigate. The paddlewheel
boats burned about a cord of wood per day. They used to have caches, or supply
points, of wood along the river where they could stop and load up and continue

Well, the captain got his boat and Mr. Barnette and their supplies up to
% mouth of the Tanana, turned up the Tanana and headed toward interior Alaska.
When they got to where the mouth of the Chena River comes into the Tanana, the
river was getting very very narrow--the channel is very shallow. Captain Adams
was afraid that he was going to get the boat hung up on one of the river bars.
But here was the Chena River, and it seemed to be a fairly open channel. They
thought "Well, maybe we can continue on there." And somehow or other Barnette
had the idea that he had talked to an Indian somewhere who said if they went up
the Chena, then that would eventually come back into the Tanana and they could
continue on west to Canada. So Captain Adams proceeded up the Chena River, and
got as far as where Fairbanks is. He was afraid that if he went any farther,
they'd be in trouble and get the boat stuck. So consequently he told Mr.
Barnette he was going to have to unload right there. And Mr. Barnette was very
upset because he wanted to get closer to the Klondike. So they had a big fight,
and it ended up that Captain Adams--the captain of the ship--won the fight. So
before they knew it, Mr. Barnette, his family, and all the supplies were sitting
on the bank of the Chena River right where Fairbanks is right now. And that's
how Fairbanks happened to start here.

Now it probably would not have been a success as a city except that sitting on
top of Pedro Dome, a large dome-like mountain north of Fairbanks, were a couple
people. The two people were a fellow named Felix Pedro, and another man named
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Gilmore. Pedro was an Italian mining in the area. There are a number of domes
here in the Fairbanks area and some of you may wonder why we end up with gold
here; these are true geologic domes in which they represent an upwelling of
molten magma which came up into the surface layers, and mineralized material at
the adjacent content. As a result gold is frequently in these high domes that
were pushed up by that upwelling of magma. So there's hard rock mining in that
rock itself, but then we end up with placer mining because through erosion, the
gold is washed down in the streams, and included in gravels, so most of the early
mining here in Fairbanks was of the placer variety. Currently there's some hard
rock mining going on, but in those days it was almost entirely placer mining.

Anyway, Gilmore and Pedro were sitting up there on what is now called Pedro
Dome, and they saw this smoke from the steamboat out there at the river. So they
knew that somebody was there, and they started down from the dome to the river.
Pedro met Barnette and said that they were prospecting in the area for gold.
Barnette said he'd set up his store there where they unloaded the supplies, and
they were free to come and buy things from him. It turned out that two years
later, in 1903, Felix Pedro made a major gold discovery here. So that set the
stage for a permanent Fairbanks. By 1906 there were 6,000 people here just
because of the gold.

Why is it called Fairbanks? Well, it's another interesting part of the history
of how Barnette got here in the first place. There was a very famous territorial
judge in the area named Wickersham, who served as a territorial delegate in the
U.S. Senate from Alaska for many years. He was also a Federal judge in Alaska.
His headquarters were in Eagle; if any of you ever read Comins into the Country
by John McPhee. you know about Eagle, an area between here and the Canadian
border. In any event, Wickersham happened to be down at St. Michael's at the
same time that Barnette's boat was wrecked, and when he had to put his supplies
over into Captain Adams' boat. And so Wickersham and Barnette had lots of
opportunities to visit as they waited for all this unloading and loading. It
turned out they were easily able to talk to each other because they were both
Republicans. Wickersham asked Barnette what he was going to do. He said, "Well,
I’m traveling up the Yukon and the Tanana where I intend to set up a trading
post." And Wickersham said "Well, you might end up with a town there where that
trading post is eventually." And he said "I'd suggest that you name that town
Fairbanks, because I personally know a U.S. Senator from Indiana whose name is
Charles W. Fairbanks, and if we ever get a town going there in the interior of
Alaska, it would be pretty nice to have a friend in the U.S. Senate." So
Barnette remembered that, and after he got his-store set up and after Pedro
discovered gold, they named the town Fairbanks. Barnette was the first mayor
of Fairbanks and seemed to be a very reputable businessman.

Why is the University of Alaska here? Well, by 1906 there were 6,000 people here
in Fairbanks, and there was no railroad to bring in supplies and food. The only
way to get supplies here was either by riverboat up the total length of the
Yukon, or across an overland trail from Valdez, a trail that essentially followed
the route of the Alaska Pipeline today. So consequently there wasn't very much
to eat. So in 1906, the people of Alaska petitioned the U.S. Department of
Agriculture to start an Agricultural Experiment Station here. In 1907 the U.S.
Department of Agriculture responded and an Agricultural Experiment Station was
established here at Fairbanks. It was pretty successful right from the outset.
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In fact, it was so successful that about two years after it started, a few of
the local townspeople who were also raising potatoes for sale in the community
were very upset because the Experiment Station was producing potatoes which were
cutting into their market. In this day and age we know how important it is to
privatize research; you can see that there were some difficulties with it even
back then at the start of the research program in Alaska.

Why would the University have been located here? If we think about it, if we
go back to the early 1900’s,  by 1915 Anchorage was simply a tent city that was
there primarily to establish a supply point for building the Alaska Railroad.
Juneau was the capital of the state; it was the headquarters for government, it
was the center of population at that point, but there was no agricultural
potential in the Juneau area, or at least very little. So consequently the area
of most agricultural potential at that time was here in interior Alaska, and of
course that's where mining was going on also. So the people of the area began
to works on the possibility of getting a college established here, and in 1917
the United States Congress and the territorial legislature of Alaska approved
the establishment of an agricultural college and school of mines at Fairbanks.
It didn't open until 1922; it took a few years to build some buildings and a road
out here from downtown Fairbanks. It opened in 1922 with six professors and six
students; that was a pretty good student/teacher ratio, and we've never had one
that good since. By 1935, there were 18 professors and 150 students. It
remained a fairly small university and almost got wiped out during World War II,
when many of the buildings were taken over for military purposes, and of course
the students were all off in the Armed Forces. But nevertheless, it did
continue. So the reason the University campus is where it is is because the
Agricultural Experiment Station was established here in 1906.

Currently we have a statewide University system. We are trying to model, I
guess, Missouri, Nebraska, California, and other states that have statewide
systems. We have a president and a whole array of vice presidents, and they
preside over the entire educational enterprise within the state. We have three
major senior campuses: one at Fairbanks, one at Anchorage, and one at Juneau.
Our enrollment here in Fairbanks is probably about 5,000 students, including 500
graduate students. Here on our campus we have a 2250-acre campus site. We have
eight different colleges: a College of Liberal Arts, a College of Natural
Sciences, a Rural College, a Career and Continuing Education school, our own
School of Agriculture and Land Resources Management, a School of Engineering,
a College of Fisheries and Ocean Sciences, and a School of Mineral Engineering.

Our programs in comparison with other universities are all very small. We have
a total of 22 faculty members in our school here at Fairbanks. We have 8
additional faculty members at our research center in Palmer. We actually have
two research centers for agriculture; one is at our experiment farm here on the
Fairbanks campus, and the other is at Palmer, which is about 50 miles northeast
of Anchorage. The Palmer facility also represents a former Federal Agricultural
Experiment Station that was started in 1915; and of course it got most of its
prominence from the Matanuska Valley Colony which started in the 1930's as a
result of a resettlement program initiated by the Roosevelt administration to
take care of people who were destitute in some of the lake states during that
particular time period.
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Our School of Agriculture and Land Resources Management includes the Agricultural
and Forestry Experiment Station. The faculty of the School and the Experiment
Station are intertwined so that each faculty person has responsibilities in both
the School and the Experiment Station. We have a Division of Plant and Animal
Sciences, a Division of Forest Sciences, and a Division of Resources Management.
We have a variety of research programs, all of which focus on problems
specifically identified by people who are concerned about producing agricultural
or forest products within Alaska, or who are concerned with the broader areas
of resource management. In the area of soil science, we have research going on
with respect to soil nitrogen regimes, soil genesis, and classification of cold
soils. In the area of agronomy, we have the usual activities with variety
trials, and soil and water conservation. In horticulture, we deal with native
plants and trying to adapt them for horticultural purposes, greenhouse problems
and vegetable production practices. In range science, much of our work has been
directed toward revegetation problems on the North Slope of Alaska in connection
with oil field development. In our animal science program we do some work with
pigs, some with beef, much of it involves looking at the nutritional
characteristics of feedstuffs that can be produced locally. And we do also have
a dairy research program at our Palmer Research Center. But in addition to these
animals, you'll also find reindeer within our research arena. One of our major
research projects here in forestry is part of the long-term ecological research
program which the National Science Foundation funds. We are also working with
forest growth and yield, tree improvement, and natural areas. In the resources
management area, we have programs such as agricultural economics, outdoor
recreation, farming systems, and land use planning. Dog mushing is a big issue
here in Alaska, and we have programs dealing with the economic implications of
dog mushing. One of our animal scientists has developed dog food specifically
for racing dogs and a local producer is exporting it to other northern areas such
as Norway and Sweden.

Perhaps the most interesting thing that's happened to our school was a recent
cooperative agreement for research that we have developed with the Siberian
branch of the Soviet Academy of Agricultural Sciences. As you know, the concept
of regional projects is designed to provide some synergy in a particular research
problem, where people from a number of different experiment stations in areas
of similar environment can worktogetherto solve the problem more expeditiously
than they could if they worked on it individually. Well, now, Alaska has always
had a problem in cooperating with experiment stations in other states because
of the long hours of sunshine, permafrost, and the low evapotranspiration
conditions that we have here. In the past,-we've had contacts with the
Scandinavian countries such as Denmark, Sweden, Finland and Norway, which have
marine climates rather than continental climates as we have in interior Alaska.
The vast area of Siberia, where the Russians have done a considerable amount of
agricultural development, is particularly appealing to us mainly because we've
had virtually no contact with those folks over the last fifty years or so. We
started the exchange last summer, and right now have three specific cooperative
research projects: agricultural economics (marketing), land clearing, and plant
breeding.

The last thing that might be of interest to you is that there is a substantial
interest in this area of global change here in Alaska. The University
administration has established a Center for Global Change Studies here, and a
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number of research projects in the Agricultural and Forestry Experiment Station,
the Institute of Marine Science, the Geophysical Institute, and the Institute
of Arctic Biology are looking at some of the phenomena associated or potentially
associated with global change. In northern latitudes, indications of change
because of permafrost or permafrost temperatures can be examined here at this
edge of the environment that's conducive to agriculture, for example, and that
might not be readily observable elsewhere. So there is substantial interest,
just as this conference's theme "The Influence of Climate on Soil Resource
Inventory and Management" indicates.

Have a successful conference and enjoy Fairbanks.
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WELCOME TO THE WESTERN REGIONAL SOIL SURVEY CONFERENCE

elII7 cllftord
Stare  Conservationlsf

Hayes Dye will have to be my stand in this morning in my effort to welcome you to our
great state and to this conference. We have been looking forward to this meeting for the
past two years since we learned about it following the Hawaii session. I personally was
looking forward to spending some time with you this week as Fairbanks is my old field
office; I worked here for nine years starting in 1966. I had come to be known as the local
soils expert being involved in land development, land sales, federal homestead prove
up’s, urban building problems, septic systems, etc.

Those were good time, it was an opportunity to be a part of another phase of Alaska’s
awakening. This is not to say that all was good, but it was a process that some of us
went through that is now hard to explain. I was involved with the bankers, realtors,
developers, the state, but especially with the private land owner’s which is where we get
the most accomplished. It’s also here that we, as professional technical people, can still
do the most good.

The basis of these long ago activities was the Fairbanks and, finally, the Salcha-Big Delta
soil surveys. The information in those old surveys, coupled with some good, practical,
local experience and observations, always stood me in good stead as far as the practical
application of the data. One of the unique aspects of that experience is what you will be
looking at this week - permafrost soils.

Their characteristics to support development demand attention, but many of the problems
inherent to some of these soils is offset by their potential. Other such soils, however, are
best left along when it comes to development. One of the most interesting aspects of
that work was the information program and resulting inquiries by potential homeowners
looking to buy or build. There are a host of stones concerning this activity.

We had a very strong soils program in those days under the direction of Dr. Sam Rieger.
Sam is not the most talkative person in the world, but he certainly was the technical
expert in those days. I know Sam is with you this morning, and I want to acknowledge
him to you and express my appreciation to him personally for the work he did. I gained
a lot of background from Sam, far more than he may realize. Under his tutorage, I
continued to gain a stronger respect for soil science.

I was also very appreciative of some special work Sam did for me. He was my writing
critic. Most of you may have already figured out that writing is not one of my strengths



just from listening to this presentation. When something of mine cam back from Sam, it
was predominately red, red from the corrections. It was even accompanied one time with
a note wondering where I went to school, or if I went to school? But you know the
product Sam assisted with then always stood the test of the effort.

But enough of razzing Sam. I would hope you realize from these remarks the real
respect I have for Dr. Rieger and what he stands for relative to the work with arctic and
subarctic soils. Sam, thank you again for your many years of good service.

You’re are in good hands this week in your association with Hayes Dye, our State Soil
Scientist/State Resource Conservationist, and Joe Moore, our Assistant State Soil
Scientist. They have helped put together an excellent program that I know you will find
very interesting. They are providing a strong team effort in Alaska soil surveys, and I
know they will serve as a good resource this week, as will our party leaders, for any
information you might need now or any time in the future.

However, the real champion of this conference is Dr. Chien-Lu Ping. His excitement was
almost beyond description when he called almost two years ago and let me know of the
1990 meeting site. He has worked diligently to make this week the success I know it will
be. His enthusiasm has only grown to higher levels. Chien-Lu certainly stands as a
prime example of interagency cooperation at it’s very best as well as a true professional
in the work he is carrying on through the University of Alaska Fairbanks. Chien-Lu,
please except my personal gratitude for your work, both in our joint efforts in soil surveys
and for the leadership of preparing for this meeting.

Others need to be recognized. However, let me close by simply welcoming you one more
time to Alaska, to the great City of Fairbanks, and wishing you a successful week.
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NATIONAL COOPERATIVE SOIL SURVEY AND ITS NEW CHAZLENGES

The theme of the National Cooperative Soil Survey Conference
held in Lincoln, Nebraska last July was The Soil Survey of
the Future. The task forces were challenged to present
ideas of where the NCSS efforts should be going. Those
recommendations are what I consider the New Challenges for
NCSS, and I am pleased to report that many of the issues
laid before the conference are already being addressed.

First and foremost, and it addresses many of the issues from
the conference, is that the entire soil survey program has
made a significant change in its philosophy of operation.
The soil survey program is no longer a program designed
solely to produce a soil survey report. It is now a program
designed to support the collection, management, and
maintenance of soil survey information and to provide that
information in the formats appropriate to address the needs
of the clients.

The Soil Survey database and software development initiative
being directed by Dave Anderson is addressing the needs of
Users of Soil Survey information. It is looking at ways of
managing soils information, to include entering all primary
soils data into the data base, and using that data to
provide information reflecting the accuracy and reliability
of the soils information in the system.

In addressing the needs of users of soils information one
theme comes back again and again, and that is the needs are
in constant change and evolution. Recent examples of this
are reflected in the information being added to the Soils
Interpretation Records. This includes items such as CEC,
bulk density, organic matter content etc. New uses include
determining the effect-,of soils on the infiltration of
pesticides into the ground water, identification of highly
erodible lands, identification of wetlands, and the impact
of soils on low input sustainable agriculture. Again, Dave
Andersons' group is addressing ways to make the new National
Soils Information System (NASIS) adaptable to changes in
information inventoried as well as the ways that information
may be interpreted. The National Soil Survey
Interpretations staff headed by Mauri Mausbach, meanwhile,
is looking at ways to generate new interpretations and is
determining the soil properties needed to support those
interpretations.

The soil survey staffs in the states of Colorado, Kansas,
Oklahoma, and New Mexico are cooperating in an effort to
update soil surveys on a regional basis. In this case the
effort is to update the soil surveys in MLRA 77. This
project is not exactly the same as that recommended by the



Task Force on Model Soil Surveys, but it does provide a
forum to try new approaches to soil surveying. This
approach will lead to the development of uniform legends and
provide better descriptions of soils, as they will be looked
at across their entire range of occurrence instead of only
on that part that occurs within some political (state or
county) delineation. This concept also includes an effort
to design map units on natural landscape units. All of
these features lend themselves to use in a G.I.S.

Gary Muckel from the SCS West NTC is helping organize a
symposium for the ASA meetings this fall on soil quality
standards. This information will be helpful as we begin to
address some of the issues of low input sustainable
agriculture. The National Soil Survey Center is also
working on developing concepts for soil quality standards in
base saturation, erosion rates (improving on the concepts of
T), and is building on the Forest Service work with bulk
density.

Soil Survey publication formats are being modified. Now
Publications are now being developed in standard, tabular,
and semi-tabular formats(including  color inside and
outside), and a task force has been established to develop
the two volume publication format recommended by the Task
Force on the Adequacy of Soil Survey Delivery Systems.

All of these efforts are being conducted in an atmosphere of
awareness of increasing needs by an increasing number of
clients, both public and private, for more information that
is more accurate and more reliable.

I couldn't be more excited about the future of the National
Cooperative Soil Survey. For the first time since I have
been attending these meetings I can see the Soil Survey
aggressively responding to a broad spectrum of the issues
identified by both regional and national conferences. These
issues are also reflected in the 4 major objectives being
used to guide the direction of the Soil Conservation Soil
Survey Division: 1. Improve methods and products to meet
expanding user needs 2. Provide new knowledge, procedures,
concepts, data sets, and relationships to support the use of
soil information 3. Provide technical soil services (support
in the application of soil survey information), and train
users of soils information and 4. Implement, support, and
maintain soil survey activities.

Status Report

1. STATSGO: Most States are competing their maps and
attribute data sets. They are to keep STATSGO as
a high priority for getting it operational. Dennis



Lytle has and will soon distribute a new status
map showing the states progress.

2. GPS: Global Positioning technology is being tested by
Jimmy Doolittle of the National Soil
Investigations staff. One unit is being tested
in Massachusetts and New Hampshire in cooperation
with the Mass. D.O.T. It is being tested as a
tool to help soil surveyors locate themselves in
areas with a dense canopy cover, to locate
significant landscape breaks, and to locate pedon
sites. It has the capability of providing
locations by latitude and longitude, and it is
using the LOPAN C technology which presently helps
in the landing of aircraft.

3. Total Acres in the United States 2,281,717,165
Total Acres mapped at the end of FY-90 1,625,545,146

Approximately 70% of the U.S. is covered by soils maps.
Mapping is progressing at a rate of about 40,000,OOO acres
per year.

4. Total Acres of Private lands in the U.S. 1,570,934,614
Total Acres mapped at the end of FY-90 1,362,382,794
Acres remaining to be mapped 208,551,820

Approximately 87% of the private land in the U.S. is covered
by soil maps.
Mapping is progressing at a rate of about 31,000,OOO acres
per year.

5. Total Acres of Federal Lands in the U.S. 644,774,495
Total Acres mapped at the end of FY-90 376,492,047
Acres remaining to be napped 268,282,448

Approximately 58% of the Federal Land in the U.S. is covered
by soil maps.
Mapping is progressing at a rate of ab~out 6,367,OOO acres
per year.

6. Total Acres of Cropland in the U.S. 431,198,338
Total Acres mapped at the end of FY-86 372,701,539
Acres remaining to map at the end of FY-86 58,496,892
Acres mapped in FY-87 17,821,979
Acres mapped in FY-88 21,085,225
Acres mapped in FY-89 18,864,151
Acres mapped in FY-90 1,379,864

7. Total Acres mapped by SCS per year:



1984 42.7 million
1985 40.7 million
1986 41.3 million
1987 37.0 million
1988 38.8 million
1989 36.0 million
1990 39.3 million

Beginning in 1986 the emphasis for SCS was shifted to
mapping cropland. The following figures show the percentage
of the acres mapped by SCS that were cropland:

1986 27%
1987 48%
1988 54%
1989 52%
1990 4%

The decrease in numbers of total acres mapped during the
1987-1989 period reflect the inefficiencies in mapping
cropland only. Inefficiencies primarily were 1. not block
mapping, and 2. detailing soil scientists into areas where
they had no previous mapping experience.

8. SCS Soil Survey Funding:
1984 53.4 million-l
1985 54.8 million I-
1986 54.3 million_1

1987 58.1 million-l
1988 67.7 million I_
1989 68.0 million I
1990 68.0 million_1

a 1.6% increase over a
three year period with
inflation at about 3%
per year = loss of 7.4%

A 25% increase over a
4 year period with
inflation at about 3%
per year = gain of 13%

The funding increases in 1987 and 1988 were provided to
cover losses due to inflation, increased operational costs,
and for meeting the cropland mapping needs of the 1985 Food
Security Act. This funding was used to hire additional soil
scientists, contract for mapping, and pay for detailing of
soil scientists into states with high cropland mapping
workloads.

9. The numbers of SCS soil scientists reflect the status of
the soil survey budget. During years 1984-1987 the numbers
of soil scientists in SCS declined from 1,341 to 1,155.
With the increases in funding for the 1985 Food Security Act
the numbers have increased to 1,359.

10. The drop in numbers of soil scientists from 1984 to
1987 was reflected in the drop in the number of acres mapped
per year. This trend was accelerated by the emphasis placed
on mapping of croplands. The trends for the number of acres



mapped per individual soil scientist, however actually began
to increase prior to the Food Security Act cropland mapping
initiative. This increase in efficiency by individual soil
scientists reflected the implementation of productivity
improvement initiatives such as better management of soil
survey projects, providing word processing equipment for
manuscript development, better availability of field
equipment, and a better understanding of the soil mapping
process by the individual soil scientists. This trend is
expected to continue now that the emphasis is again being
placed on project mapping with the croplands completed.

11. The number of soil survey reports published each year
increased from 61 in 1984 to 78 in 1986 and 1987. In 1988
the amount of funding for publication was reduced and
diverted to cropland mapping. This was reflected in a
decline in the number of publications to 70. In 1989 the
funding was restored and publications rose to 19. During
the period of 1987, 1988, and 1989 manuscript development
processes have been improved and desk top publishing
equipment has reduced the time and the cost associated with
manuscript editing and formatting. At the same time more
flexibility in manuscript formatting, color covers, color
plates inside the publications, and improvements in paper
quality have been achieved. The cost savings are reflected
in the number of publications that can be published.
Presently we are anticipating about 110 publication this
year.

Thomas Calhoun
Asst Director, Soil Surveys
SCS, Washington, D.C.
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Concerns in Soil Correlationll
Western Regional Soil Survey Work

Planning Conference
Fairbanks, Alaska
June 17-22, 1990

I appreciate the opportunity to participate in your Western Regional
Soil Survey Work Planning Conference. This morning I would like to share
with you some of the activities pertaining to SOi1 correlation in the
National Soil Survey  Center with emphasis  on those of the Quality Assurance
Staff .

The soil scientists on the Quality A88UranCe  Staff are assigned
responsibility for soil correlation and assistance to states largely on the
ba8i8 of Major Land Resource Areas (MLRA). Most of you are familiar with
the three broad regions in which we have made staffing assignments. These
are the West, Central and East  Regions. Roger Haberman  was recently
selected to be our supervisory soil scientist for the West Region and Larry
Ratliff has the responsibility for the Central Region. Berman Hudson, who
had been the supervisory soil scientist for the West Region, is now
responsible  for supervising soil correlation and related activities in the
Ea8t Region.

Roger was an active member of the West Region Soil Correlation Staff at
Portland, Oregon, for a number of years prior to moving to Lincoln,
Nebraska. He has an excellent knowledge of the principle8 of soil
correlation and a keen sen8e of the soil correlation concerns in the Western
United States.

Excellent progress is being made to have a modern soil survey for all
lands in the United States. There are a number of factors which
collectively contribute to the complexity of soil correlation in the West
Region. Some of these include: (1) complex soil and geology patterns,
(2) wide range of elevations and associated temperature zones,  (3) large
acreage soil survey area8,  (4) extensive acreages of land owned and managed
by several different clientele (i .e., private land and public land managed
by several federal agencies), and (5) lack the availability of older soils
information on which to build on and improve. Many areas are having soil
surveys made for the first time.

Soil  COrrelatiOn  i8 the process Of maintaining COnBiStenCy  in classifying,
naming, and interpreting kinds of soils and the unit8 delineated on maps.
The purpose of soil correlation is to ensure that the soils in a survey area
are accurately and uniformly defined, Classified,  named, and interpreted
according to standard. These standards are included in the guidelines of
the National Cooperative Soil Survey (NCSS).

l/Jim Culver, National Leader, National Soil Survey Quality Assurance
Staff, National Soil Survey Center, SCS, Lincoln, Nebraska.
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Soil correlation is dependent on data gathered in the field and laboratory.
The accuracy and completeness of a correlation reflects this data. It can
be no better than the information on which it is based.

Soil correlation involves (1) the classification and naming of taxonomic
units and (2) the naming of map units. A taxonomic unit is a kind of soil.
Taxonomic  units are defined in terms of soil characteristics that can be
seen and measured in the field or laboratory.

Map units are areas of soil. They are designed to provide significant soil
interpretations. Each map unit differs in some respect from all other map
units in the survey area. Interpretations for the intended land uses are
made within existing guidelines, which reflect the present knowledge about
soil response. Each map unit provides some  unique interpretation.

The soil correlation process usually begins before the first acre is mapped
and continues after the last acre is mapped.

The Quality Assurance Staff is involved in a number of activities directly
or indirectly related to the progressive correlation of a soil survey area.
Significant input includes the following items:

1. Review Memorandum of Understanding

2. Participate in initial or early progress field review

3. Review new and revised series

4. Review field review reports

5. Participate in final field review

6. Review draft of correlations memorandum

7. Technical review and edit of manuscript

8. Training

Soil correlation as part of the National Cooperative Soil Survey is largely
a function and responsibility of each Soil Survey party, SCS state office,
cooperating universities, and other federal agencies. The SCS state soil
scientists provide direction, guidance, and are responsible for preparation
of the final soil correlation document. The Soil Survey Quality Assurance
Staff is responsible for providing direct assistance on special problems and
field reviews and as consultants in providing review of the documents
prepared in the soil correlation process.

Comments on Progressive Crxxelatipn
Progressive correlation starts with the definition’of the survey objectives
in the memorandum of understanding (MOU). The MOU sets the standards for
map scale, minimum size of map delineation, kinds of map units, and amount
of inclusions in map units. Progressive correlation enables the
classification of taxonomic units and naming of map units to keep pace with
mapping.
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Some of the key elements of progressive correlation are:

1. Decisions made on each review for soils mapped to date

2. Soil survey is “finished” when all tasks are completed

a. mapping

b. manuscript

C . correlation

d. compilation

The soil survey party leader and party members are key players in
progressive correlation. The final correlation of a survey area reflects
their day-by-day decisions.

The following are the major correlation responsibilities of the survey party:

1. Describe and classify soils

a. prepare accurate pedon descriptions

b. test descriptions against standards (Soil Taxonomy, series
descriptions)

C . recommend revisions in series concepts

d. propose new series

e . make correlation recommendations

2. Design and describe map units

a. determine map unit composition

b. prepare map unit descriptions

3. Collect data

a. sample for laboratory analysis

b . gather yield data

C . make special studies

4. Prepare, test, and revise soil interpretations

a. test interpretations throughout the survey

b. prepare standards for new interpretations

C . revise standards for interpretations
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5. Ensure technical accuracy of soil maps

a. develop and maintain an accurate descriptive legend

b. field check for accuracy

6. Prepare the soil survey manuscript

Area conservationists and their support staff play a very important part in
facilitating progressive soil correlation. I strongly support the
participation of our area conservationists and other disciplines such as
range conservationists. district conservationists, and foresters on soil
survey field reviews. This provides them with an opportunity to have an
appreciation for the amount of time and resources required for the
documentation needed in production of quality soil surveys. It also enables
the area conservationist to assist in scheduling other specialists (range,
forestry. agronomy, etc.) to assist the party leader in testing design of
map units and soil interpretations.

Design awj Naming  o f  Ma-
One of the challenges in soil correlation process involves those soil survey
areas having a large acreage of private land and Federal land managed by two
or more Federal agencies. The design of consistent soil mapping units
throughout these kind of soil survey areas requires coordination and timely
involvement of all agencies. Where these soil surveys are made over a
period of years or with a multiple level of soil map unit designs, the
issues of soil correlation often become complex.

Where feasible and adequate documentation of designed soil map units permit,
we concur in use of soil series as names of soil map units. This enables us
to provide additional information to current users and projected users. The
use of map unit names at levels above the soil series have a definite place
in the correlation of selected map units. It would appear the correlation
of most map units at the series level with selected map units correlated at
levels above soil series would provide the level of soil interpretations
most users desire.

Documentation for Correlation
One of our major concerns in soil correlation through the years is adequate
documentation of the map units used to express soil patterns on our soil
maps. This is true not only for current project soil surveys but for those
older soil surveys in the process of being modernized or updated.

There has been excellent progress in recent months, including a number of
intense committee sessions, on design of documentation needed for map unit
identification and correlation within the National Soil Survey Center.
Documentation, including transects, is needed as base data to facilitate a
progessive  soil correlation process. Berman Hudson, supervisory soil
sc ientist , recently participated in the California’State meeting of soil
scientists and discussed the various successful transect methods currently
being used to document soil map units.

I feel adequate documentation on the components of each soil mapping unit
will become an important part of our future state soil survey database
(3SD). We will certainly support any needs you may have to ensure there is
the desired level of documentation needed for quality soil correlation.
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Field Review
One of the major quality assurance activities of our staff in terms of time
and travel are field reviews. These include initial, progress and final
field reviews. Our staff has participated or plans to participate in (1)
nine initial field reviews, (2) 32 progress field reviews, and (3) 78 final
field reviews during FY 90. We have made some mid-year adjustments to
participate in previously scheduled reviews. We have reduced our
involvement in a number of initial field reviews and final field reviews due
to largely limited available staff and revised dates requested by states.

Presently, several soil scientists on our staff have more than 15 reviews
scheduled during this year. This amounts to 75 days field time plus about
one week office review of manuscript and data per review, or another 75
days. The 150 days on reviews out of a normal 230 working days in a year
result in a high percent of our available staff time assisting with reviews.

We appreciate the excellent manner in which your state staffs and party
leader are providing our office documentation prior to scheduled reviews.
This enables our soil scientist to make appropriate reviews and be aware of
potential soil correlation or classification concerns prior to going to the
f i e ld .

Sefl  Moisture and Temoerati
Phil Camp, soil scientist on our staff, will be on the program later to
review with you a soil moisture-temperature map of the Western United
States. This has been an ongoing project involving a member of SCS and
university personnel. We plan to give this project high priority in FY91.

A preliminary look at the STATSGO  joins between states indicates good
progress is being made by some states to resolve potential inconsistencies.
Consistent naming of soils between survey areas within the state and between
states is a concern of not only those in soil survey but is needed by those
who use soil survey data over multi-state and in Geographic Information
Systems (GIS).

I feel a well designed, coordinated map of soil moisture and temperature
will significantly contribute to resolving a good number of the soil
correlation issues between soil survey areas.

Kevs to Soil T~UCPDOIUV __ .Andlsol  Orda
Most of you by now have received the new version of Keys to Soil Taxonomy.
The addition of the Andisols Order will require the reclassification and
evaluation of a number of soil series in some states. The greatest impact
appears to be in Oregon, Washington, California, Nevada, Alaska, and
Hawaii. A working session is planned this November between states involved
and National Soil Survey Center staff at Portland. This work group plans to
study involved soil series and make recommendations for needed changes in
the classification of present soil series.

The Andisol Order will help us to more accurately classify our soils but
will result in some update in older soil correlations and establishment of
some new soil series.

Correlation and Classificarion of Labor&xv  Data
One area where the National Cooperative Soil Survey needs your assistance is
in the classification and correlation of pedons sampled and submitted to the
Soil Survey Laboratory at the National Survey Center.
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As of May 1990. various kinds of laboratory data for 16.563 pedons exist at
our Lincoln soils laboratory. There are 6,188 data sets that are pre-1978
and 10.375 data sets since 1978. At the present time only 34 percent or
5,589 pedons have been described and 19 percent or 3,083 pedons have been
c o r r e l a t e d .

The western states have a total of 6,611 pedons with laboratory data. This
includes 2,849 data sets pre-1978 and 3,762 data sets since 1978. About
1,966 pedons or 30 percent have descriptions and 472 or 7 percent have been
correlated.

. .Official Soil Series Descrv
The processing of all soil series with OSEDS (Official Series Description)
on a national basis would be most helpful in providing a database to readily
use in our soil correlation process.

The processing of all soil series descriptions into OSEDS continues to be a
high priority with the Soil Survey  Quality Assurance Staff. The
availability of all soil series descriptions in OSEDS will enable each state
to make timely needed revisions and will make available, in a database,
information readily accessible to all members of the National Cooperative
Soil Survey for use in correlation and in making soil interpretations.

We are making excellent progress during the current year to update the soil
series you use with OSED. The record as of May 30, 1990, lists 10,294 soil
series being used in the~~West  National Technical Center Region. This is a
high percent of the 18,000 soil series being used in our National
Cooperative Soil Survey Program. Since October 1, 1989, we collectively
have input 1.222 of these soil series descriptions in the Western Region
into OSEDS. Present records showthat  there are 2,559 soil series
descriptions that need to be input into OSEDS. This amounts to a
substantial workload for a number of states. The number of series remaining
to be added to OSEDS by states in the West Region range from 10 to 761, with
most states having less than 150 to input.

During recent months we have begun to use a scanner to move the series
descriptions in our file to OSEDS for a number of states. This has
transferred the series descriptions to a useable database suitable to making
needed revisions or updates with a minimum amount of time. All series being
scanned into OSEDS are identified as “scanned, and not currently revised.”

I am looking forward to the continued excellent effort by all of us during
the next year to have essentially all the soil series we use in OSEDS.

@alitv Assurance - . urvev Interoretations  Records
A January 1990 summary shows that on a national basis we are using over
30,000 Soils-5’s in our cooperative soil survey program. A summary of the
number of Soil-5’s being used in each NTC area is as follows:

KK Number of  Soi ls -5 ’s
NENTC 1,845
SNTC 3,705
MWNTC 5,090
WNTC 20,797
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The Soils-5’s as presently used are an integral part of the data gathering
and delivery system. The information on the Soils-5’s is being used by a
wide variety of customers.

There is continued need at all levels, i.e.. field, area,.state,  NTC, and
NSSC, to be cognizant of the values on each Soils-S. Recent personal
experience with changes on the Soils-S’s related to hydric soil criteria,
soil drainage classes, and coordination with the soil series description
clearly demonstrates that a continued effort by each of us is needed to
maintain quality Soils-5 data. Recent review of selected Soils-5’s and soil
series descriptions by the Fish and Wildlife Service has indicated some
inconsistencies in our preparation of soil correlations and soil
interpretations.

We, in the Quality Assurance Staff, will be looking forward to working with
each state as we begin to develop our schedule of soil survey activities for
this next fiscal year. I feel good positive communications between all
parties involved in the soil correlation process will resolve most
identification issues. We will welcome your comments or expressions which
will contribute to a more efficient way of doing a project or to improving
the quality of our product. Please feel free to contract our office to
formally or informally discuss issues of soil correlation or of soil survey
quality assurance concern.



WESTERN REGIONAL COOPERATIVE SOIL SURVEY CONFERENCE
FAIRBANKS, ALASKA

Alternative Formats for Published Soil Surveys~7

I appreciate the opportunity to review with you some ongoing activity and
concern on alternative formats of published soil surveys. Currently, the
dominant form of modem soil survey information is in the soil survey report
published on an area. county, or multicounty basis. A soil survey report is
designed as a multipurpose report to be used by a wide variety of users.
The emphasis has been to provide some information for most all users in a
generally standardized format. This presentation has been satisfactory for
most of our users. A soil survey report is occasionally viewed by some
users as the final or end product. However, current technology is demanding
an increasing variety of soil interpretive data for use in models and in
addressing complex soil-land use issues. The kinds of formats used in
published soils surveys is somewhat like the signs and symbols used in soil
correlation. Most of us have varying degrees of experience, and all of us
have a definite opinion of how certain parts should be done.

During this past year there has been an increasing interest and concern
about how we present our soil survey information to our expanding list of
users. This concern is currently being addressed in national and regional
Cooperative Soil Survey Conference committee activity.

This afternoon, I would like to share with you some of the activities
pertaining to alternative formats for published soil surveys.

The Department of Agriculture and cooperating state agencies have been
publishing soil surveys since the early 1900’s. The national listing of
published soil surveys dated November 9, 1988, shows there have been a total
of about 3,800 soil surveys published in the United States.

Some soil survey areas have had several soil surveys published over almost a
span of 100 years. For example, the National Soil Survey Center in Lincoln
is located in Lancaster County in Nebraska. This area had a soil survey
published in 1906 with 4 soil map units, in 1938 with 33 soil map units, and
in 1977 with 67 soil map units. Each of these three soil survey reports
presents soils information in a distinctly different manner.

I would like to review three broad areas of soil survey manuscript formats.
These include: (1) where we have been, (2) where we are now, and (3) what
we are planning for the future.

The format of published soil surveys has changed immensely since the early
1900’s. However, when looking at the variation in the format of published
soil surveys during a specific time interval, we find the general format is
surprisingly quite similar.

17 Jim Culver, National Leader, National Soil Survey Quality’Assurance
Staff, National Soil Survey Center, Lincoln. Nebraska
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The major changes in format of published soil surveys closely follow the
major kinds of soil surveys made during the past 75 years. These changes
include soil surveys made: (1) using the plane table, (2) using aerial
photography prior to adoption of Soil Taxonomy, (3) using aerial photography
after adoption of Soil Taxonomy , and (4) applying modernization and
maintenance techniques (updates).

The format of soil survey reports made with plane table gave emphasis to
agriculture uses and contained broadly defined soil map units. The soil map
was commonly a colored line map.

In soil surveys published since the late 1950’6, aerial photography has
largely been used as a base map. There have been several basic formats used
during the past 30 to 40 years or so. Some of these are as follows:

Format

a. General series description and brief map unit description with
limited interpretations

b. Separate technical series description

c . Most interpretations by groups, i.e., range, forestry, capability
unit

Format 2

a. Technical series description and map unit description with limited
interpretations

b. Most interpretations by groups, i.e., range, capability, forestry

Format 3

a. Most interpretations in map unit description

b. Separate technical series description

&rnat 4--Semitabular Format

a. Most interpretations in map unit description

b . Separate technical series description

During this past year, there has been considerable activity in evaluation of
how and in what formats we need to present soil survey information to our
increasing variety of users. Most of us in recent years have received an
increasing number of different kinds of requests for soils information in a
variety of formats.

The 1989 National Cooperative Soil Survey Conference held July 24-28 in
Lincoln, Nebraska, committee activity centered on 10 task force issues. The
task force entitled “The  Needs of the Users of Soil Survey Information:
Reliability and Methods of Presentation” discussed the format of soil
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surveys. Members of this task force included: G. E. Warrington,
chairperson, soil scientist, Forest Service: S. G. Leonard, range
conservationist. National Soils Range Team, Soil Conservation Service;
D. Moos, soil scientist, North Dakota Public Service Commission; C. Osen,
soil scientist, International Paper Co.; W. E. Russell, soil scientist,
Forest Service; and E. Sautter, soil scientist, Soil Conservation Service.
An excellent report of this task force is included in the recently
distributed proceedings of the conference.

Some of the highlights of this report are:

- The current soil survey report tries to be an all-encompassing
document. It is intended to satisfy everyone’s needs at the same time;
but in striving to do so, we may have actually detracted from its
perceived reliability.

- Soil survey reports should be available in both paper and electronic
formats.

- Soil survey data reports should be separate from interpretations.

- Paper (hard copy) reports should probably be in a fixed format for
general reference.

- Graphics, such as cross-sectional diagrams, should be used.

- Hard copy interpretative reports should be loose-leaf in order to allow
easy updates of individual sections based on new information or
technology.

- “Dynamic” reports are needed instead of “static” reports.

- Computer databases have numerous advantages and maybe a few
disadvantages. Some of the advantages and disadvantages are as follows:

1.

2.

Computer databases are easy to update.

Computer databases are not available to all users and probably will
not replace all parts of a published soil survey.

3. Computer programs tend to see data only in black and white.
Interpretations of soil properties and landscapes are often gray.

4. Expert systems offer a way to capture logic, thus providing a means
of automating professional judgment.

The task force recommended that soil surveys (whether paper or electronic)
include sections on:

1. Data compilation reports

a. Pedon  descriptions and locations of those descriptions

b . Laboratory data
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c. Field note summaries

d. Form-5 information for each soil and soil phase

2. Interpretative reports keyed to users and kinds of uses

3. Maps

4. Associate databases and resource report reference

A second task force report at the National Cooperative Soil Survey
Conference, “Adequacy of Soil Survey Delivery Systems,” chaired by
T.J. Bicki, University of Illinois, provided excellent recommendations on
soil survey report format.

Recommendations in the executive summary include:

1. Soil survey reports should be redesigned so that each report contains
two volumes.

a. Technical data and maps should be in one volume.

b . Interpretations should be in a second volume.

2. More technical data should be included in published reports.

3. More graphic elements are needed.

4. The NCSS should take the lead in use and development of
electronic-interactive technology.

During the North Central Soil Survey Conference at Ames, Iowa, two weeks
ago. had one committee discussed some aspects of soil survey publication
format.

Cosnnittee  1, “Soil Survey in the 1990’s,” chaired by Sy Ekart, state soil
scientist, North Dakota, and Neil Smeck,  Ohio State University, discussed
several issues on updating soil surveys and the format of future soil
surveys. There was a unanimous decision that the future soil survey format
should not be one of either text or electronic data alone but should be a
combination of both. A number of additional kinds of information that
should be included in updates or future soil survey reports were
identi f ied. Some of these are:

1. Water quality

2. Urban expansion concerns

3. Better characterization and description of soil landscapes

4. Special forestry needs

5. Map unit composition

6. Additional data elements, i.e., water movement measurements
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The optional two-part published soil survey was also discussed during the
spring meeting of state soil scientists at Kansas City, Missouri.

There is currently a group of four state soil scientists (Sy Ekart.  North
Dakota; Arville Touchet, Louisiana; Jim Carley. Washington; and Steve
Hundley, New Hampshire) and NSSC personnel reviewing the present format of
soil survey manuscripts. One of the major considerations is to have the
soil survey manuscript presented~as two separate documents: (1) maps and
(2) interpretations. The soil interpretations section in a published soil
survey is the first section that becomes out of date because of technology
changes.

A questionnaire dealing with how approximately 70 components or sections in
a published soil survey may be handled has been sent to all state soil
sc ientists . This questionnaire on format includes items such as How to Use
This Survey, the cover picture, General Nature of the County, General Soil
Map Units, Yields Per Acre, Wildlife Habitat, Engineering, and Soil Series
and Their Morphology. The major issue in this questionnaire is if the
various sections should be in Part I, Part II, or both parts.

This advisory group is scheduled to meet in July 1990 at Lincoln, Nebraska,
to discuss soil survey formats and to make recommendations. We plan to have
these proposals reviewed by the National Cooperative Soil Survey
participants this calendar year. This will allow us to proceed with any
major format changes the first part of 1991.

I would now like to share with you some of the activity in the National Soil
Survey Center pertaining to our current involvement in publication of soil
surveys.

Technical Review of SQil Survev ManuSCriDts

The results of the excellent state-accelerated soil mapping programs and the
shifting priorities in the Food Security Act (FSA)  are about to have a
tremendous impact on production of soil survey manuscripts. Your schedules
indicate the Soil Survey Quality Assurance Staff will be receiving 100
manuscripts for technical review in 1990, 107 in 1991, 134 in 1992, 77 in
1993, and 72 in 1994. By the end of 1998, indications are that we will have
received 630 soil survey manuscripts for technical review and edit in a
9-year period.

We provided technical review of 50 manuscripts in FY 89. We have completed
technical reviews of 45 manuscripts during the current fiscal year and have
14 manuscripts in the process of being assigned for technical review. The
distribution of these technical reviews by staffs is as follows:
completed--east, 26; central, 10; and west, 9; and ready for review--east.
2; central, 4; and west-g. We are presently contracting out the technical
edit for some  manuscripts in the west.

Soil survey manuscript workshops have been conducted in Colorado, Oregon,
Missouri, and Texas during the current fiscal year. Assistance has been
provided to four states on the development of manuscript formats.

Our technical review of manuscripts is limited to only a portion of the soil
series in the survey area. The following guidelines are used in making
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these technical reviews. Where the “umber of soil map units is less than
50, a 20 percent review of all series is made; where there are 50 to 100 map
units. a 15 percent review of series is made; and in survey areas with more
than 100 map units, a 10 percent review of series is made. For each series
reviewed, all map units, general soil map descriptions, and tables
associated with the selected series are technically reviewed.

We have slightly modified our procedure for technical review of
manuscripts. All technical reviews are presently coordinated by Bill
Braker.  soil scientist in charge of manuscripts. We feel this procedure
will assist in providing a consistent, timely technical review of the
manuscripts submitted to our office.

A suntmary  of the national schedule of soil surveys by state and survey area
shows 236 soil survey manuscripts in the system. This number includes
manuscripts in some stage of review, edit, or publication. Soil maps for
181 of the 236 manuscripts have been submitted to the National Cartographic
Center.

Current projections indicate that we will edit about 60 to 65 soil survey
manuscripts in FY 90. This total is possible because we are presently using
contract proofreading and contract editing. We anticipate that this use of
contractors will allow us to edit a” additional 10 soil survey manuscripts
during the fiscal year.

We currently have about 45 soil survey manuscripts on the shelf ready for
edit . Soil maps for 20 of these soil survey areas have been submitted to
the National Cartographic Center. The soil survey manuscripts that have
soil maps already submitted to the National Cartographic Center will have
high priority for editing.

Current projections suggest that there is pote”tia1  for about 100 to 110
soil surveys to be published this year. This is contingent in part on three
contracts, covering about 17 soil surveys each, that GPO has with private
industry for printing services. We now have the authorization to use color
for cover pictures of soil surveys arid for soil profiles.

Desktop publishing is effectively being used by the NSSQA Staff to reduce
the cost of producing and to reduce staff time in preparing material for
soil survey publication. The system was set up in July 1988. The software,
MAGNATYPE, is used on a” AT&T 6386 computer. Typically, the publication
cost for a soil survey was $16.000 to $17,000 in 1988. In 1989, with the
desktop publishing system, it was only $13,000. This is a savings of $3.000
to $4,000 per survey. In addition, the system saves about 3 months of
editorial staff time per survey. A brief handout on the desktop publishing
system by Paige E. Mitchell, editor on our staff, gives an excellent
overview of this system.

There are two areas we are presently developing to enhance our editing
capability.

They are as follows:

1. Tables in soil survey manuscripts are presently generated using the
SOILS-6 file and the SOILS-5 database at Ames, Iowa. Adjustments to the



tables  ( i .e . , crop yield tables) are made in pencil by the state and
submitted to our office for editing. This requires our office to manually
make all recommended corrections on each table. By the end of this fall, we
plan to have a system, in operation whereby each state will have the
opportunity to make these needed adjustments in their state soil survey
database (3SD). Each state will submit a disk of the tables which are
essentially ready for publication, to NSSQA.

2. The pedon description program is currently being reviewed in order to
make it consistent with the new National Soil Survey Manual. The pedon
program also needs to be in agreement with the editing style used in soil
surveys. Once  the revised program is operational, the soil survey project
leader could usa the pedon program to describe pedons  in manuscripts. This
procedure would result in a very minimum amount of editing and would
significantly reduce potential errors.

Recent data elements added to the soil interpretation record are (1) annual
air temperature, (2) frost-free days, (3) annual precipitation, and
(4) elevation. The plan is to include these data elements as a separate
table referenced in the climatic features section of soil survey
manuscripts. The data element on drainage class will be included in table K
on soil and water features.

National Databases for SCS Soils Information

There are several national databases used in developing material in
published soil surveys. These include:

1. Official Soil Series Descriptions

2. Soil Classification Files

3. Soil Interpretation Records (SCS-SOI-5)

4. Map Unit Use Files (SCS-SOI-6)

5. Soil Laboratory Data (SCS-SOI-8)

Currently, we are using about 18,000 soil series and have about 210,000 map
units in our Map Unit Use Files (MUUF).

Modernization and Maintenance of Sol1 Sur evs bv Maior Land* ” Resource Areas

There has been an increased interest in modernizing and maintaining soil
surveys on a major land resource concept. Our staff has coordinated two
separate sessions during the past 3 months to discuss modernization on the
MLRA concept.

A meeting was held at Stillwater, Oklahoma, during the week of March 5-8,
1990, to evaluate modernization of MLRA 77, Southern High Plains. This
area. about the size of the state of New York, includes parts of Texas,
Oklahoma, Kansas, New Mexico. and Colorado and involves three NTC areas
(SNTC,  MNTC, and WTC). In attendance at this session were personnel from
the NSSC, MNTC. SNTC. WNTC, NHQ, Oklahoma, Kansas, Texas, New Mexico. and
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Oklahoma State University. A considerable amount of work and planning has
been done during.the  past 10 years to identify the concerns in modernizing
the soils and their interpretation for MLRA 77.

A second session was held on May 8. 1990. at Cedar Rapids, Iowa. It was
conducted to evaluate modernization of MLRA 105. Northern Mississippi Valley
Loess Hil ls . Participants included NSSC staff members; state soil
scientists from Iowa, Minnesota. Wisconsin, and Illinois; and Iowa resource
soi l  sc ientists . MLRA 105 includes all or parts of about 41 counties in
Iowa, Illinois, Minnesota, and Wisconsin.

Some
s o i l

1.

2.

3.

4.

5.

6.

significant items pertaining to the projected publication or format of
survey information discussed during these two sessions were:

An update for the entire MLRA

One report for the entire MLRA

One legend for the entire MLRA

Subsets of data by county

A digitized soil map

A. recommendation for soil survey project leaders to work within MLRA’s
rather than within state and county boundaries

7. A multiple layer project with specific completion data for various
phases

The concepts of modernization and maintenance of soil surveys by MLRA has
been well received during planning sessions with regional directors and
Washington technology staff of the Soil Conservation Service.

The published soil survey has been a popular document for most users. Our
history of soil survey publications through the past 100 years has been
“dynamic” to meet the needs of most users and technology enhancement.

We are again at another technology crossroads. We need to provide users
with effective and timely soils information. Congress and the public will
demand that we provide our soils information in several formats. Each of us
will have a certain preference on how we would like the format or methods of
presentation modernized.

Current activities by Dave Anderson and his staff in data systems will allow
us flexibility in electronic storage and presentation of our soils
information.

One comment by a committee member addressing soil survey formats is of
interest. His cowsent is as follows: “While it would be nice to think that
we would all be willing to call up soils information on a computer, not many
w i l l . Most people (students, too) prefer a ‘hard copy,’ I think. Hard
copies can be made from data in a computer , so I would suggest we keep it on
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disks and provide hard copies for those who want to practice ‘information
retrieved’ by reading 8 book as we have done successfully for generations.”

Personally, I feel we currently have the technology and resowces  to
reformat or enhance our presentation and delivery of soil survey information
to users. The present activities to evaluate our presentation of soil
survey information will be challenging. The committee studying soil survey
manuscript format will need our support and recorranendations  as we develop
multiple methods to deliver soil survey information to user8 in an effective
and timely manner.
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Reference Handouts
Jim Culver, National Leader

Soil Survey Quality Assurance
National Soil Survey Center

Lincoln, Nebraska.
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As one of the newest additions to the Quality Assurance Staff, the desktop publishing
system is the only staff member who isn’t on a salary, doesn’t drink coffee, and never
asks for a promotion. What the system does for the Soil Conservation Service is
lower the costs of producing and publishing soil surveys and save the editorial staff a
great deal of time.

After the system was set up in July 1988,  the editors spent nearly 5 weeks trainin on
the equipment and settin u the formats needed for each section of the survey.
software program, hMGkA%YP

!-he
E, is used on an AT&T 6386 computer. Basically,

the standard survey codes, such as $101 and $133, are converted to typesetting codes
using a swap program. The $101 code, for example, is translated into a string of 6
typesetting format codes that govern spacing, paragraph indentation,  letter point
size, column width, hanging indentation, and font selection. This conversion allows
the state offices and regional technical centers to use the same codes and formats
they have always used m conjunction with the new desktop system. The typeset pages
are composed on a state-of-the-art Printware 720 IQ laser printer, which prints 1,200
dots per inch.

The desktop
g

ublishing system has been operational for approximately 1 year. In
September I &3,  five surveys were typeset on the new system. In fiscal year 1989,54
surveys were typeset and sent to National Headquarters. The average survey cost in
fiscal year 1988 was S20,000.  This figure is unusually high because many of the

ublished that year were exceptionally large. Typically, the average cost
om 516,000 to S17,OOO.  The

top publishmg equipment was
e cost in fiscal year 1989 using the

per survey. Placing the section “How
This is a savings of S3,000-$4,000

Soil Survey” on page 1 instead of
on the back of the cover resulted in a savings of $3004500

cost of using htg.Ee
r survey. The overall

er quality paper and of

The cost of publishing three surveys throu h the Government Printing Office (GPO)
is about 551,000. Usin
at a cost of about $52,&lo

-R.the desktop publa utg system, four surveys can be produced
. This adds up to one free survey for every three published.

1
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In addition to saving money, the desktop publishing system saves a considerable
amount of time and paperwork. The edttorial  staff estimates that it saves at least 3
months time on each survey. Previously, when GPO composed survey page proofs,
one minor coding error could affect the entire layout of the survey and render the

!
age proof virtually useless. The page roof would be returned to the National
ethnical  Center,.the  error would be ound and corrected, a new g-track  taP e would

be run for the enttre manuscript, the whole package would be sent back to ePO, and
another page proof would be typeset. If a codin error occurs now, it can be detected
and corrected by an editor in a matter of secon s. In September 198a, five surveysC!
were typsct on the new system. The editoral  staff estimates that the desktop system
saves at least three months time on each survey.

The desktop publishing system displays the page layout in actual size on the monitor.
At this stage, the size of headings, the amount of extra leading, the placement and

ins and gutters, text that is bold-faced or italicized, misspellings,
errors can be checked by an editor before the page proof is even

of type is comparable to that of the GPO typeset surveys, and
the editoral  staff is allowed more artistic freedom to make each page visually
attmctive.

Nearly all the editors and editorial assistants have worked with the system and are
experienced in typesetting soil surveys. The staff has also used the deskto
develop individual swap
formats for many state o&

grograms that create templates for use in semita
system to
ular survey

ces. The templates, which serve as a pattern or guide for
the semitabular format, are transferred onto diskettes and distnbuted from the state
offices to party leaders. Once a tern
only be inserted, because all the co8

late is created, the specific sutvey data need

template. These
es necessary for typesetting are imbedded in the

tern
document, but also tR

lams reduce not only the amount of time spent coding the
e margin of error in coding.

The desktop publishing equipment has proved to be a sound investment.for  the Soil
Survey Quality Assurance Staff. As new software
technology become available, the productivity, ef

p .rograms and 9-yw
tctency.  and qua ny of soil survey

publication will continue to improve.
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SERIES STATUS FOR STATES IN THE WEST NTC REGION

Number of OSEDS - Result: 10,294 SERIES
OSEDS updated since lo/l/S9 - Result: 1222 SERIES

Hawaii - Result: 283 SERIES
OSEDS Missing = 149

Washington - Result: 1196 SERIES
OSEDS Missing - 10

Oregon - Result8 958 SERIES
OSEDS Missing - 17

California - Result: 1514 SERIES
OSEDS Missing - 761

Arisona - Result: 399 SERIES
OSEDS Missing = 80

New Mexico - Result1 648 SERIES
OSEDS Missing = 138

Utah - Result8 780 SERIES
OSEDS Missing = 323

Nevada - Result: 1314 SERIES
OSEDS Missing = 185

Colorado - Result: 774 SERIES
OSEDS,Missing - 162

Wyoming - Result: 539 SERIES
OSEDS Missing = 153

Idaho - Result: 997 SERIES
OSEDS Missing = 283

Montana - Result: 610 SERIES ,
OSEDS Missing - 298

TOTAL MISSING SERIES FROM ALL WESTERN STATES = 2555.

Alaska- Result: 282 SeRIFs
06g[ls?Ussi~ = 76



NATIONAL SOIL SURVEY QUALITY ASSURANCE STAFF
Soil Survey Manuscript Technical Reviews

Progress for Fiscal Year 1990

Technical Reviews completed:
East Staff 26
Central Staff 10
West Staff 9

Total 45

Manuscripts awaiting Technical Review:
East Staff 2
Central Staff 4
West Staff 8

Total 14
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STATE TOTAL
______________------ _ _ _ _ _

ALASKA 3 4 4
A R I Z O N A 5 8 1
C A L I F O R N I A 1 1 9 3
COLORADO 4 8 2
H A W A I I 4 2
I D A H O 5 5 4
GUAM 2 0
MONTANA 5 3 8
NEW MEXICO 3 6 8
NEVADA 6 0 0
OREGON 4 7 0
T R U S T  P A C I F I C  I S L A N D 3 7
UTAH 4 5 8
WASHINGTON 5 0 4
WYOMING 4 1 2
___________________- -__--

G R A N D  T O T A L S  ------> 6 6 1 1

TOTAL . . .
PRE1978.....

1978-UP . . .
W / T A X

N O  T A X
D E S C R I P T I O N
C O R R E L A T E D

Xl* N S S L D A T A B A S E  **i
P E D O N C O U N T S

Ol/May/90

*I W E S T E R N  S T A T E S  l *

P R E 1 9 7 8

80
2 9 5
5 2 9
2 1 2

7
1 2 9

0
2 9 6
1 3 7
2 6 1
2 8 5

0
2 6 5
1 6 2
1 9 1

2 8 4 9

<________________ 1978 8 Up __--------------->

1978-UP  W / T A X  N O  T A X  D E S C R I P T I O N  C O R R E L A T E D
_ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  ________--_  - - - - - - - - - -

264 29 2 3 5 207 28
286 38 246 198 38
664 116 5 4 8 341 74
270 8 2 6 2 143 8

35 17 1 8 21 17
425 189 2 3 6 199 59

20 19 1 16 19
242 72 1 7 0 95 53
231 94 1 3 7 104 72
339 14 3 2 5 1.81 14
193 1 192 68 18
37 35 2 27 36

193 4 189 122 1
342 25 317 151 25
221 9 212 93 10

_______  _____  ______  ___________  _____-_---

3762 670 3092 1966 472

A l l  o f  t h e  pedons i n  t h e  N S S L  D a t a b a s e .
P e d o n s  s a m p l e d  p r i o r  t o  1 9 7 8  b y  t h e  N S S L  a n d  i t ’ s  p r e d e c e s s o r

laboratories.
P e d o n s  s a m p l e d  b y  N S S L  b e g i n n i n g  i n  1 9 7 8 .
P e d o n s  c l a s s i f i e d  b y  s t a t e s  or TSC’s  o n  N S S L  S o i l - 8  f o r m s

r e t u r n e d  t o  N S S L .
P e d o n s  n o t  c l a s s i f i e d  b y  s t a t e s  OP TSC’s.
P r o f i l e  d e s c r i p t i o n s  c u r r e n t l y  s t o r e d  i n  t h e  N S S L  D a t a b a s e .
Padons  w i t h  e c o r r e l a t e d  s e r i e s  name s h o w n  o n  N S S L  S o i l - 8

f o r m  r e t u r n e d  t o  N S S L .

5
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State
ID
_______
AZ623
AZ625

AZ627
AZ647

AZ648

AZ657
AZ661
A2666
AZ671
AZ673
AZ697
AZ699

AZ703

AZ707

AZ711

AZ713

AZ715

CA011
CA608
CA653
CA659
CA667
CA668
CA691
CA802
coo23
COO63
coo73
CO628
CO634
CO638
CO647
CO648
CO657
CO668
CO671
CO672
CO677
CO686
CO660

Ongoing Soil Surveys - WE Region 1990-1999
From Soil Survey Schedule

Survey Area
Percent

Complete
____________________~~~~~_________~~~~~~~~~~~~~~~~

SHIVWITS AREA, ARIZONA
MOHAVE COUNTY AREA, ARIZONA, NORTHEASTERN PART,
AND PART OF COCONINO COUNTY
MOHAVE COUNTY, ARIZONA, SOUTHERN PART
LUKE AIR FORCE RANGE, ARIZONA, PARTS OF MARICOPA,
PIMA AND YUMA COUNTIES
ORGAN PIPE CACTUS-CABEZA PRIETA AREA, ARIZONA,
PARTS OF PIMA AND YUMA COUNTIES
YUMA COUNTY, ARIZONA, NORTHERN PART
EASTERN PINAL AND SOUTHERN GILA COUNTIES, ARIZONA
COCHISE COUNTY, ARIZONA, NORTHWESTERN PART
COCHISE COUNTY, ARIZONA, DOUGLAS-TOMBSTONE PART
GRAHAM COUNTY, ARIZONA, SOUTHWESTERN PART
MOHAVE COUNTY, ARIZONA, CENTRAL PART
HUALAPAI - HAVASUPAI AREA, ARIZONA, PARTS OF
COCONINO, MOHAVE AND YUMA COUNTIES
TOHONO O'ODHAN INDIAN RESERVATION, ARIZONA, PARTS
OF MARICOPA, PIMA, AND PINAL COUNTIES
LITTLE COLORADO RIVER AREA, ARIZONA, PARTS OF
COCONINO AND NAVAJO COUNTIES
NAVAJO MOUNTAIN AREA, ARIZONA, PARTS OF APACHE,
COCONINO AND NAVAJO COUNTIES
CHINLE AREA, PARTS OF APACHE AND NAVAJO COUNTIES,
ARIZONA, AND SAN JUAN COUNTY, NEW MEXICO
FT. DEFIANCE AREA, PARTS OF APACHE AN NAVAJO
COUNTIES, ARIZONA, AND MCKINLEY AND SAN JUAN
COUNTIES, NEW MEXICO
Colusa County
SUSANVILLE AREA
FRESNO COUNTY, CALIFORNIA, WESTERN PART
TULARE COUNTY WESTERN PART
SAN LUI~ OBISPO COUNTY, CARRIZ~ PLAIN AREA SSA 667
Kern County Northeast Part
Kern County Southwest Part
Benton Owens Valley
COSTILLA COUNTY AREA, COLORADO
KIT CARSON COUNTY, COLORADO
LINCOLN COUNTY, COLORADO
LAS ANINAS COUNTY AREA, COLORADO PARTS OF LAS
SANGRE DE CRISTO AREA, PARTS OF AIAMOSA, CUST
TELLER-PARK AREA, PARTS OF TELLER AND PARK CO
ROUTT NATIONAL FOREST AREA, PARTS OF GRAND, J
ROUTT COUNTY AREA, COLORADO
PIKE AND SAN ISABEL NF-NORTHERN PART: PARTS.0
ARCHULETA COUNTY AREA, COLORADO
CORTEZ AREA, COLORADO, PARTS OF DOLORES AND M
ANIMAS-DOLORES AREA, PARTS OF ARCHULETA, DOLO
RIDGWAY AREA, COLORADO PARTS OF DELTA, GUNNIS
MOFFAT COUNTY AREA, COLORADO
GRAND MESA-WEST ELK AREA

6

___

64
100

100

FFR
Scheduled I

______
10/90
06/90 I

12/90
lo/96 1

IO/96

82

75

lo/96 I
ioj94
lo;96
Oli'91
o"(;"

I
ii:';; I

ll/SO

3

0 04196

65 09/91 I
23

100
57
28

::
9

zi
89
54
67

100

;"1
54

100
48
78
91
44
93

100

09191
03/91
09/90

;i(;; I

12)93
09/90
09193 I
osj92
11/94
10/95

Ix:

I
osj92
10/93 I
10/93
09/91
09192 I
01/91
IO/93
OS/SO
03:90 I

I

I
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I0654
CO636

5

0642
0645
0650

CO653

E
0663
0691
ID608

!
D611
D612

I
D656

ID675

I
D681

ID704

rI

D712

D714

II

D715
D752

ID763

&
TO11
TO17

MT025

#

TO41
TO51
TO65

MT101

E
T615
T622

MT627

bT630
MT639

f

T641
T644

MT651

uT670

6

TO33
T604
T666

MT637

(L:
T624
T618

IF:
T647
M669

NM692

I

HOLY CROSS AREA
WET MOUNTAIN AND SPANISH PEAKS AREA
INDIAN PEAKS AREA
RED FEATHER AREA
WILLOW CREEK PASS AREA
GEORGETOWN AREA
COCHETOPA AREA
GRAND JUNCTION AREA
ST.JOE AREA, IDAHO, PARTS OF SHOSHONE AND BENEWAH
COUNTIES
LEWIS AND NEZ PERCE COUNTIES, IDAHO
CLEARWATER AREA, IDAHO, PARTS OF CLEARWATER AND
LATAH COUNTIES
ADAMS-WASHINGTON AREA, IDAHO PARTS OF ADAMS AND
WASHINGTON COUNTIES
OWYHEE COUNTY AREA, IDAHO
WOOD RIVER AREA, IDAHO, GOODING COUNTY AND PARTS
OF BLAINE, LINCOLN AND MINIDOKA COUNTIES
JEROME AND PART OF TWIN FALLS COUNTY, IDAHO
BEAR LAKE-CARIBOU COUNTIES AREA, IDAHO, PARTS OF
BEAR LAKE AND CARIBOU COUNTIES
FRANKLIN COUNTY AREA, IDAHO
ONEIDA COUNTY AREA, IDAHO
CUSTER LEMHI AREA IDAHO, PARTS OF BLAINE, CUSTER,
AND LEMHI COUNTIES
BUTTE COUNTY AREA, IDAHO
CARTER COUNTY, MONTANA
CUSTER COUNTY, MONTANA
EALLON COUNTY, MONTANA
HILL COUNTY, MONTANA
LIBERTY COUNTY, MONTANA
MUSSELSHELL COUNTY, MONTANA
TOOLE COUNTY, MONTANA
CHOUTEAU COUNTY AREA, MONTANA
GALLATIN COUNTY AREA, MONTANA
JEFFERSON COUNTY AREA AND PART OF SILVER BOW
COUNTY, MONTANA
LEWIS AND CLARK COUNTY AREA, MONTANA
SWEET GRASS COUNTY AREA, MONTANA
PHILLIPS COUNTY AREA, MONTANA
UPPER CLARK FORK RIVER AREA--PARTS OF POWELL,,
GRANITE, AND DEER LODGE COUNTIES, MONTANA
SANDERS COUNTY AREA AND PARTS OF FLATHEAD AND
LINCOLN COUNTIES, MONTANA
SILVER BOW COUNTY AREA AND PARTS OF JEFFERSON AND
BEAVERHEAD COUNTIES, ::ONTANA
GARFIELD COUNTY, MONTANA
BEAVERHEAD COUNTY AREA, MONTANA
GOLDEN VALLEY AREA, MONTANA
MEAGHER COUNTY AREA, MONTANA
WHEATLAND COUNTY AREA, MONTANA
FLATHEAD COUNTY AREA AND PART OF LINCOLN COUNTY,
MONTANA
BITTERROOT NATIONAL FOREST AREA, MONTANA
CURRY COUNTY AND SOUTHWEST PART OF QUAY COUNTY
MCKINLEY COUNTY AREA

7

29 10/93
32 10/91
3 09192

9:
09192
10/93

1 09/92
27 10/92
39 11/91
74 04/92

;i
06/91
lo/95

100 02/90

10 07/90
61 05/93

86 06/90
45 09194

z: 07192
04/91

83 Oli91

i: 11/93
04/91

67 12192
10 lo/90
76 10/91
87 OSjSO
i2' 10/94

07/90
85 10/90
46 09192
55 09192

100 05/90
38 lo)94
31 lo/96
74 01/90

52 12/92

8 10/93

20 10/95
2: 10/95

lo/96
16 lo/96
29 10/93

lo/96

09/90
04192
08/91
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NM698

NM715

NM717

NV754
NV755
NV759
NV760
NV766
NV770

NV777
NV779
NV781
NV783
NV704
NV785
OR015
OR055
OR620
OR628
OR649
OR670
OR674
UT013

UT047

UT617

UT623
UT628
UT642
UT645

UT646

UT647

UT651

WA017
WA021
WA8600

WA8632
WA8637
WA8639
WA8680
WA0681
WY027
WY031

JICARILLA APACHE AREA, PARTS OF RIO ARRIBA AND
;y‘Nr?OVAL COUNTIES

. DEFIANCE AREA. PART OF APACHE AND NAVAJO
COUNTIES ARIZONA AND MCKINLEY A ND SAN JUAN
COUNTIES, NEW MEXICO
SHIPROCK AREA, PARTS OF SAN JUAN CO., NM AND
APACHE CO., AZ
LINCOLN COUNTY, NEVADA, SOUTH PART
CLARK COUNTY, AREA, NEVADA
WASHOE COUNTY, NEVADA, NORTH PART
HUMBOLDT COUNTY, NEVADA, WEST PART
ELK0 COUNTY, NEVADA, SOUTHEAST PART
CHURCHILL COUNTY, AREA, NEVADA, PARTS OF CHURCHILL
AND LYON COUNTIES
HUMBOLDT COUNTY, NEVADA, EAST PART
WHITE PINE COUNTY, NEVADA, EAST PART
NYE COUNTY, NEVADA, NORTHWEST PART
NYE COUNTY, NEVADA, NORTHEAST PART
LINCOLN COUNTY, NEVADA, NORTH PART
NYE COUNTY, NEVADA, SOUTHWEST PART
CURRY COUNTY, OREGON
SHERMAN COUNTY, OREGON
UPPER DESCHUTES RIVER AREA, OREGON
HARNEY COUNTY AREA, OREGON
DOUGLAS COUNTY AREA, OREGON
WALLOWA COUNTY AREA, OREGON
WARM SPRINGS INDIAN RESERVATION, OREGON
DUCHESNE AREA,UTAH -PARTS OF DUCHESNE,SUMMIT &
WASATCH COUNTIES
UINTAH AREA UTAH - PARTS OF UINTAH, GRAND AND
DAGGETT COUNTIES
Millard - Juab Area,Utah,Western Parts of Millard
and Juab Counties
EMERY AREA,UTAH - PARTS OF EMERY & SEVIER COUNTIES
SEVIER COUNTY
KANE COUNTY,Utah
MANTI-LASAL NATL.FOREST,MANTI DIVISION - PARTS OF
SANPETE & EMERY COUNTIES
DIXIE NATL. POREST:PARTS OF
GARFIELD,WASHINGTON,IRON,KANE 6 WAYNE COUNTIES
WASATCH NATL.FOREST-SUMMIT,CACHE.DAVIS,DUCHESNE  &
WASATCH COUNTIES
FISHLAKE NATL.FOREST EASTPORTION - PARTS OF
SEVIER,PIUTE & WAYNE COUNTIES
DOUGLAS COUNTY, WASHINGTON
FRANKLIN COUNTY, WASHINGTON
CASHMERE MTN. PARTS OF CHELAN AND OKANOGAN
COUNTIES
OLYMPIC NATIONAL FOREST
KITTITAS COUNTY
KLICKITAT COUNTY AREA, WASHINGTON
WENATCHEE NATIONAL FOREST NACHES AREA
YAKIMA FIRING CENTER, PARTS OF KITTITAS AND
NIOBRARA COUNTY, WYOMING
PLATTE COUNTY SOIL SURVEY

76

85
16
61

100

79
39
11
90
0

100
24

100
94
72

1:
35
21

71

100

42
4

44
34

29

12

36

26
74

100

30
70
79

63
45

I
06/91 1
04/90

I
09/90

07190
09194

I
09/90
06/95
05/91 I
05/90

09!91 I
06/91

%
09/94

I
09/90
08/95
09/91 I
04/91
09194
04192 I
07193

gz: I

04;91

01/90 I
03/91
10:92
11/94

I
11/92

12190 I
05197 I
OS/93

10/94
04192

I

04/96

09/92 I
04193
04192

g;:
I

ii;;: l
I
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SOJLN4ME WLRA ACRES_JN_YLRA SOJLNAYE WLRA  ACRE5_JN_ML,W 5OJLNAME ML94  ACRE5 IN YJ.94
_______________ ____ -_-_____----- _____________._ _ _ _ _  -__._.--_____ ------_----____  -_-_ _____z__:____
ALOERWOOO

:
.OB

6 5 3 . 7 8 2
.  .  . . * . * . . . . * . * .  l  * . .  __-___-------
S”m 9 5 4 , 1 9 0

b.MARJ LLO 70 2 . 1 3 9
7 , 1 . 0 5 3 . 7 4 7

. . . ..*.......t. ..*. - - - - - - - - - - - - -
sum 1.055.886

ANOJC  CRYOCHREP 527.952
7s

3 70.689
43 620.,10
6 3 5 . 2 9 0

. . . . . ..L....... l . . . - - - - - - - - - - - - -
*“II 1.254.04,

,.,.,OJC OYSTROCHR 399.3J7
~ EP75

b
43

.f l . . . . . . . . . . . l .I.. ____!:!!“:‘I’
9um 1.502.789

4SCALON
46
49
58
581
SBB
61
6,
69
72

. . . . ..I........ .**.
%“ln

JO9.125
2.482

,1.92*
3.206
I.,87

J3.984
870

902.267

fO2.163
_______---__-

1.148.2,2

*THENA 8 54.885
9 5 3 9 . 4 9 2

. . . . . . . . . . . ..I. . . . . _-_____------
S”m 594 -347

io
42
44
46
4,
48
4BA
52
534
58*
588
6
67
7
70
B

3 7 8 . 6 9 6
2 5 . 5 8 5

4 . 6 7 3
30.002

606
59.1t3

CABBA 46
4 ,
484
52
534
54
5B*

. . . . . . .  .  .  . . I . . . . . . .

4 2 2 . 1 3 9

6 5 . 5 3 0
5 0 . 2 5 6

3 . 4 6 .
6.995

102,998

4 9 0 . 9 6 0

sun 720.103
1.928

f.........,.... .,I. __.---------- CABBAR, 44 8.628
BACb 13.021 .S”Dl 2.316.69t 46

44 52 26.399
498 BAJNVJLLE 54 9 3 . 1 4 2 581 6 5 3 . 0 6 5
67 4 0 1 . 4 6 4 58A 3 6 8 , 2 9 0 ..**t.*.*.*.... .*.* _____________
69 2 1 8 . 6 0 , 67 6 . 9 4 4 5Ynl 688.084

l b e . . * * . * . . . , . * . . . . --..--------- ,*..*.*..**.*.. .,I. ___----------
S”m 6 3 3 . 0 9 2 5”(ll 4 6 8 . 3 7 6 CABEZON 35 150.J14

166
1,
20
200
201
21
23
25
26
27
284
288
29
3
3 0
32
34
35
36
37
39

5 . 0 8 9
26.26,
65.856

2 . 0 0 2
1.782
4.806
I.989
5 . 2 1 0

5 2 , 4 9 0
2 . 7 9 7

392

31.638
366

6 . 3 7 6
3 1 . 2 9 8
2 0 . 2 6 8

7 . 7 6 5
3 4 . 6 2 ,

1.Cm
293.17,

2 3 . 3 0 5
130.968
4 9 1 . 6 4 9

9 4 . 9 2 9
3 0 9 . 9 8 2

6.371
2 1 . 5 6 0
4 7 . 0 7 9

754
4 . 5 5 0

22.061
21.915

9.458

15.280

SkKEOVEN 22 5.099
7 7, ,699
8 6 4 8 . 2 9 5
S 2 . 7 5 5

. . . . . . . . . ..I... .  . . * -..--________
3”” 85t.615

BARKERVJLLE 39 5 2 7 . 2 6 5
41 2 9 . 6 9 2

..*......**.*.*  .*.* ..---________
S”ll 5 5 6 . 9 5 7

BERJNO 42 6 6 1 . 4 5 2
l * . . * * . * * * . . . . *  .  .  .  .  -----________
S”rn 661.452

BLUEPOJNT 3 0 2 0 . 5 1 2
4, 3 0 . 0 9 9
42 6 2 5 . 9 5 5

***.I.*...**.*. .*.. _ _ _ _ _ _ _ _ _ _ _ _ _
*urn 5 7 6 , 5 5 9

SOHINNON : 4 5 6 . 2 0 ,
2 2 0

l .  .  . . * . . * . . . . . . .*.* -----________
sum 4 5 6 . 4 2 1

BRE55ES
49
67

.*a.......,I..  . . . . . .

3””

272.310
85.792
6 4 . 0 3 ,

BADLAND 28.538 BdKEWEN (0 123.767
3539 9 . 0 3 6
36 1 5 0 . 8 3 ,



SDfLNdME YLRA  *CRES_*N_YLRA
_______________ ____  _____________

CABEZON 39 132.106
4 , (0.561

.*....*........ . . . . ___________--
SUD 4 5 2 , 6 7 6

C&JON ,7 59.9,,
3 0 60,.595

..*.......*..., . . . . ___________--
*“m 661.506

CHERRY 53A 114.709
54 7 . 2 1 7
561 350.314

.**...*.*...I.. . . . . - - - - - - - - - - - - -
S”lJl 4 7 2 . 2 4 0

ClENEBA 15 176.067
16 (06. (70
2 0 4 2 1 . 9 6 0
22 397

.*.,**.*..**t*. . . . . - - - - - - - - - - - - -
g sun 7 0 6 . 6 1 4

CLOVIS
i6”

3 2 . 9 0 7
5 3 4 . 7 3 ,

7 0 2 2 6 . 1 2 6
77 2 7 1 . 9 5 6

*...*.**I..*.*. *.*. _____--_-----
D”m 1.065.722

COLBY 5.3* 58.834
67 4 4 6 . 3 3 0
69 ,6,.731
72 179.569

.***.*......*.. . . . . - - - - - - - - - - - - -

.un 6 6 6 . 4 6 4

OEAYA 3539 9.928
36 3 3 . 4 7 7
39 2,,.67t
42 465
7 0 1.139.299

.  . . . * . . . . . . * * . * .*.. - - - - - - - - - - - - -
5”m 1.394.659

DELPOlNT 46
52 9 3 0
59* 3 9 9 , 9 6 5

.  .  . . * * . . . . . * . . * .**. _____________
*Urn 4 0 0 . 6 9 5

DOW ANA 3 0 - 3
40-3

501LNAME MLRA
_______________ ____

DONA  ANA 4,
42

..*...I...*.**.  l ***

53”m

DUNE LAND
1
11
13
(4
163
,7
,s
2

13
26
27
264
266
29
30
34
35
36
37
42
43
464
5 ,
560
67
6 9
7
77
6

. . . . . . . . . . . . ..I . ..I
S”D

ECTOR 42
7 0

. . .  .  .  .  . . .*.*.. . .*..
8”lll

ELLOAM 52
564

. . . . . . . . . . . . . . . ..*.
*urn

EL50 56A
I.............. .*..
5”lll

6, LMdN 30

I-m

ACRES_IN_YLRA
__________---

2 5 . 0 5 0
4 2 4 . 6 5 9

4 4 9 . 7 0 9

1.202
2 6 , 0 3 5

3.193
2 3 , 6 2 9
3 2 . 6 2 6

1.606
1.769

164
90

4 , 3 3 6
5 . 4 0 2

2 2 . 9 9 7
644
321

(6.979
,.272
2 . 1 0 0

715
3 . 6 6 ,

2 7 4 . 9 6 5
290
(2,

9 . 9 6 6
1 . 4 3 0

tEl;01i
2 1 . 2 3 0
12.025
41.632

754

529.827

127.177
9 3 9 . 0 7 6

, .066.255

405.998
3 , 6 4 2

4 0 9 . 6 4 0

617.811
_______------

6 1 7 . 8 1 ,

156.205

I-

SOILNAYE YLL!A  ACRES_IN_MLPI
______________- ---- _____________

CILYAN 3 , 92. (76
4 0 ,54.6,,

,........I.....  . ..I  -------------

sum 4 0 4 . 9 9 2

6”PS”Y LAN0 26 269
36 6 . 5 3 2
42 3 7 8 . 6 7 3
494 2 3 . 6 6 ,
7 0 6 . 6 4 6

..***.....*..*. ..I, - - - - - - - - - - - - -
sum 4,6.00,

HANFORD ,4 ‘ 3 , 6 7 6
17 2 2 7 . 5 0 2
19 96. (05
29 9 6 . 9 4 0
3 0 600

.  .  .  . . * . . . . . . . . . .I., - - - - - - - - - - - - -
sum 4 3 7 . 0 2 5

HARVEY 32 7 . 6 2 0
36 5,.566
564 3 6 . 9 9 6
6 7 2 7 . 6 9 0
*> !) 101. (70
70 462.631

.*..I...*.**.*. . . . . ________-----
SUI 7 0 6 . 0 9 5

HILAW 34 2 0 5 . 6 2 7
566 2 5 7 . 3 1 5

l  . * * . * . * . . . * . . .  **a* _------------
sum 4 6 3 . 1 4 2

HlSTlC  PE*GELIC  “170
CR”*WEPTS

176 6 5 1 . 6 6 6
.,...*.**.****. *.** ____________-
S”ll 6511.666

JOSEPHINE ,5 722
22 142.516
: 193.224 65.914

* a . . . . . . . . . . . . * .  . . * - - - - - - - - - - - - -
run! 4 0 2 . 3 7 6

KIM 7 . 1 6 0
36 12.433
46 1.36,
49 15.029



SOILNbLIE YLRA bCRES_IN_YLRA
_______________ ____ _____________

UIY 56 17.645
56A 6.532
566 21.264
61 9.694
67 234,996
69 ,28.471
7 Y;o .- 90.525
72 I.500
77 9.039

. . . . . . ..I...... . . . . _____________

S”m 555.669

Klt46RO”CH 41
42
70
77

. . . . . . . . . . . . . . . . ..*

S”ll

LAMBERT 531
58A

. . . . . . ..I...*.. .*.a

5um

LATOM 70
77

..*.......*..*.  .**.
%“(I

LAVI FLOWS 10
1,
(3
(6,
166
21
22
23
26
26b
30
35
36
42
47
6
7 0

.  .  . . * * . . . . . . . . * . ..I

16.427
29.6,6
15.,,7

673.609
_____________

934.769

105.372
792.366

_____________
6 9 7 , 7 6 0

425.166
5 . 5 6 2

4 3 0 . 7 3 0

6 6 . 7 1 0
101.603

3 . 5 3 6
!.03‘.66t

9 . 0 3 0
,..a11
36.2.,6

f . 5 9 5
7 . 6 5 0
2 . 1 3 5
1.675

9 6 . 4 6 6
6 6 . 9 2 5

263
271

3 3 . 0 2 4
_____________

1.497.645

LEHMAN5 36 4 . 6 7 6
39 15.646
40 7 9 . 6 1 7

so* LNAWE YLRA ACRES_IN_YLRA
_______________ ____  _____________

LEHMAN5 41 49.246
42 3 5 5 . 2 3 5

.  .  . . . * * . . * . . * . * .I.. - - - - - - - - - - - - -
S”lX 5 0 4 . 6 2 0

LICKSKILLET 10 143.790
43 7 . 7 6 9
6 . 6 2 7 . 1 7 4
6 469.661

. . . . . . . ..I..... l .*. - - - - - - - - - - - - -
S”m 6 6 6 , 3 6 4

LISAM 46
52
561

..*.*.*..*.**.. .t.*
5”lll

LOW I 34
35
36
39
4 0

.*.,*.***t.....  .*.*
sum

3 . 9 6 0
(03.649
3 2 2 . 7 6 4

430.373

1 . 6 6 0
2t3.661

6 , 3 5 6
22t.006

_____________
4 4 2 . 9 0 5

LOZIE!i 42 6 2 6 . 6 3 9
70 5.066

I.**..*....**** l . * .  - - - - - - - - - - - - -
5”” 633.70,

MANVE  I_ 2 . 6 1 2
67 2 2 , 0 2 0
6 9 5 0 6 . 6 4 5

..*.*.....*....  .  . . * __________.__
S”ll 611.477

MANZANO 36 151.449
49 ,. 172
51 2 2 , 5 6 5
7 0 2 4 9 . 1 6 3
77 12.302

..**I**.*...*.. .**. __________-__
SUIT 4 3 6 . 6 5 ,

“*“YEN 15 2 3 1 . 2 1 9
16 3 . 2 0 3
2 0 4 0 . 3 1 4
22 7 6 . 0 6 ,
6 146.433

.  .  .  . . * . . . . . . . * . I... . . . . . . ..-----
sum 4 9 7 . 2 3 6

5O*LN*ME Mm& ACRE5_IN_MLRA
_______________ ____ _____________
“lo”.” 2 9 . 9 1 0

46 4 . 9 0 9
46 2 , 3 6 6
49 2 . 9 6 4
56A 9 7 0 . 1 9 5
67 3 9 , 6 3 3
69 4 6 . 6 7 6
72 750

l  . . * * t * t . . * * * . *  I... - - - - - - - - - - - - -
S”lll , .099.64,

YILl.5HOLM 15 4 1 7 . 7 7 0
17 3 , 6 9 9
2 0 170.334
5 I.676

.  .  . . * * . . . . . . . . . . . . . - - - - - - - - - - - - -
5”” 593.471

MOENKOPIE 34 4 . 9 7 5
35 4 1 3 . 9 7 4
39 5 , 6 5 7

***.**.t..**... . . . . - - - - - - - - - - - - -
,“I 4 2 4 . 6 0 6

MOHAVE 3 0 I.335
40 173. (96
A2 4~2.010

..*.*......a.*.  .  . . *  -__-_-___-_--
sull 566.5.3

NELDORE 34 16.160
52
56* 569.143
600

. ..I........... . . . . --_----------
*“II 5 6 7 . 3 2 3

NICKEL 30 2 6 . 6 7 0
40 5 5 . 2 2 6
41 2 1 . 7 7 0
42 9 5 7 . 3 1 9

.  .  .  .  .  . . * . . . . . . . .,.. _____________
9”m ,.062.966

NUN?4 7 2 . 0 6 6
49 !76.622
58A 3 9 , 6 6 6
61 16.651
67 3 3 2 . 9 6 5
69 735
72 95

.  .  .  .  . . * . . . . . . . . .  . . * - - - - - - - - - - - - -
S”Ci 643.244
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SOILNINE YLRA
_______________ ____

OLNEY
32
49
564
67
69

..*.**......... . . . .
S”Q?

OTERO
35
36
49
588
67
69
70
72
7,

. ..**.*.**..I*. ..a*

E PALINOR 288
*..*.I**.,.*.*. *..*

PALOUSE 43
8
9

I.............. . . . .

S”ll

PbSTURb 29
35
36
39
40

..***....*..... . . . .
*“#I

PENISTbJb 35
36
70

.*.**.*....*.I. . . . .

S”lll

PERSAYO
32
34
35

El!). $12
9.39.

l2.015
4 . 3 6 0

3 9 0 . 0 6 6
2 3 7 . 6 4 9

7 4 2 . 6 3 6

,5.571
4 . 5 2 ,
4 . 9 7 3

1 0 . 2 6 0
2.817

257.316
9 3 . 9 1 ,
5 7 . 6 1 ,

2 6 . 6 4 6

4 7 2 . 7 4 6

4 2 1 . 9 3 2
_____________

4 2 1 . 9 3 2

2 0 . 3 5 3
2 9 . 4 8 6

444. (20

493.959

$3.496
(4.515

725
(34.342

,.694
5 0 2 . 2 0 ,

646

667.821

9 0 . 7 2 5
3 1 4 . 2 0 2
246.6,,

SOILNAME YLRA
_______.---____  ----

PERSAYO 36
37
43
70

..,..........I. ..I.
S”lT

PHlLLIPS 5.2
..*.*********.t  **a*

S”rn

ACRES_IN_NLRA
_________-_--

3 9 , 7 7 3
9 2 . 4 5 6
3 2 . 8 0 6

3 . 5 9 4
____------___

453.495

7 7 9 . 5 4 4
______-------

7 7 9 . 5 4 4

PINTURA 30 2 6 . 3 0 2
42 4,2.829

. . ..I.*.****... a*** ______-------
9”II 44,.,3,

PLATNER 4 9 3 . 2 3 9
67 3 9 9 , 6 3 3
6 9
72 2 3 4 . 0 9 6

.  ..*..*...*.*I. I... __-----------
S”rn 6 3 6 . 9 7 0

PLAYAS 10 336
17 1.992
23 34.300
24 24.516
26 9 . 0 1 4
27 536.1,O
261 7 4 4 . 9 7 2
286 9 8 , 9 9 8
29 8 2 . 2 3 5
30 4 6 . 6 4 4
35 1 . 0 5 0
4 , 3 6 . 4 7 5
42 28.187
46 5 3 0
47 1,195
67 6 . 3 5 6
77 ,,.466

.a.,.,......*** l .** ____________.

5”IU 1.66.9.402

PVLLMAN 7, 5 2 4 . 2 6 4
. . . . . . ..*..*.** .*.. ______---__--
*“Ill 5 2 4 , 2 8 4

10
91

SOILN*NE YLR. *cREs_,N_NLR*
_______________  ____  _-_________--
OUINCV a 2 4 . 7 1 0
..**.**.*.t***,  .  . . *  --______-----
=“I11 5 9 9 . 1 6 4

REMaN 42 2 6 4 . 7 5 2
7 0 153.486

. . . . ..I*....*.* .  . . * _-________---
*urn 4 3 6 . 2 3 6

*EDON* 7 0 4 5 6 . 9 6 4
,*....*....**..  .I,. --__.--------
*Urn 4 5 6 . 9 6 4

REMKIILL (0.124
32 3.,,2
34 11.092
4S 17.866
56 1 . 1 3 5
661 6 . 6 2 1
56S ,27.,4,
604 4 4 . 2 8 9
67 2 3 8 . 9 9 3

l . * . . . * * * * * t . * .  l * * .  --___.-------
=“I 4 6 0 . 3 9 5

RENSLOW 9 4 0 9 . 6 2 3
..*..*.....*...  l . .* --______-----
9”” 4 0 9 . 6 2 3

RENTSAC 34 4 8 . 8 2 5
44 2 8 , 3 2 9
46 9 . 7 3 0
48 3 9 4 . 8 3 9
481 13.009
4 9 (0.370
52 7 . 6 1 0
5 6 . t O 0 . 9 5 ,

.,...*****.I.*. . . . . --__.--------
s)Un 6,3.663

RITZ”,LLE 6 2 . 5 4 6
7 3 8 . 4 4 6
II ,.,69.,29

. . . . ..****I...* . . . . __________-__
,“rn 1.230.12,

RI”ERYA5” 2 , 9 7 2
2 . 6 7 7

“166 3 . 5 5 4
“(70
“(7, I.527
x,74 1, .025
, 2 . 9 4 6
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SOILNAME YLRA ACPES_IN_YLRA
---________..._ ____  _____________

RIVERWAS” 1.3
10
,,
14
‘5
163
17
176
1s
1s
2
20
2,
22
23
24
26
28A
3
3.6
30
30-t
30-3
3,
32
34
35
36
37
39
4
40
41
42
43
44
46
47
49*
4s
5
531
5m
588
6
61
67
69
7
70
77
6
9

343
7.147
10.249
49.047

507
902

62.695
350

3 , 7 9 9
4 6 . 6 9 3
3,.256
5.171
5 . 3 3 8
5.4,5
t.07,

862
1.637
2 . 0 7 4
1.060

4 5 . 7 4 0

4 . 3 7 5
1.252
1.440

2 0 . 9 2 0
18.143
29.514
4.,,2
1 . 4 4 0

13.692
5 . 9 6 3

3 2 . 3 1 2
6 . 6 8 6
6 . 0 8 4

600
5 . 9 9 6

4 4 ,
4 . 0 6 0
5 . 4 7 9
3 . 5 9 0

17.546

5 . 0 6 3
3 . 4 2 6

693
2 . 5 1 6
1.613

2 5 . 6 6 2
9 . 0 5 8

,,.206
2 . 7 6 6

SOIt_N.wE MLRA KRES_IN_YLPA
____-________--  ---- ______-______
. . . . . . ...*....* . . . . _____________

5”m 5 5 2 , 4 5 5

PIZNO 35
3s

.**..*t*.*.*.**  I...

4 4 6 . 0 6 5
2 1 2 . 6 0 3

_____________
6 5 8 . 6 6 8

POCK LAND
I
10
13
15
(61
(64
‘66
16
2
20

IO.469
49
ii

2 . 0 3 6
6 9 . 3 1 4
2 9 . 5 3 4
10.182
5 8 . 3 0 6
3 3 . 4 9 9

2 . 8 1 0
(I.122
4 . 6 2 3

6 0 . 0 7 6
663

1 . 1 6 0
7 3 . 0 4 7
2 8 . 7 3 0

2 8 6 . 4 6 ,
,07.597
196.689
4 0 . 4 5 3

7 . 8 0 3
2 2 . 8 6 6
4 7 . 2 2 ,
2 0 . 7 7 2
11.529
6,. 167

362
_____________

i;
284
29
3
30
35
3s
40
d,

ii
43
46
47
5
59*
70
9

. . . . . . ...***.** . . . .

5”63

ROCK OUTCROP
39

A3.
ULTI
V168
1
10
,,
ii
,3
14
15
151
(57

,.220.786

4 5 0 . 9 4 4
2 . 2 1 5

612
, .428

3 9 . 7 6 ,
5 8 . 1 2 9

,‘I.019
212.088

544
130,787

,.346
3 5 8 . 3 6 3

354
2 . 0 6 2

(60
16,
$64
166
167
17
176
,B
(93
(94

196 3.837
197 1.07,
(99 7 . 5 8 4
2 4 0 . 6 6 5
2 . 3 7 . 6 6 3
2 0 45, .93B
200
2 0 ,
202
203
2 ,
22
23
24
25
26
27
28
281
266
29
3
3 . 6
30
so-,
3 0 - 3
30-4
32
33
34
348
35
3539
36
37
39
3 9 - 4
4
4 0
40-3

3.099
2 , 7 5 6

(1.543
84.142
4 9 . 2 3 ,
3 0 . 7 3 2

463
,.360

2 1 . 6 0 0
5 2 4 . 4 2 3

7,5
300

3 . 4 1 8

2 . 5 0 6
6.218

4 8 0
1.906

9 4 . 9 5 8
1.218.25,1

4 9 , 8 6 0
4 6 . 9 0 3
7*.410
9 3 , 5 4 9
6 2 . 0 2 1

4 . 0 1 2
9 2 . 2 2 5

(28.397
2 2 2 . 9 2 0
157. ‘64
‘1.663

3 1 9 . 1 7 9

2,8.070
2 7 . 5 6 3

6 3 0 . 6 6 2

1.937.123
15.032

t.206.526
9 1 . 5 4 8

2 6 0 . 3 6 6

220. (51



SOILNAME YLRA  rcaEs_IN_uLaA
_____..__._____  ____ ____________-
ROCK  0”TCSOP  41

42
43
44
45
46
46A
47
48
48 1
491
488
49
5
51
52
53*
54
!ie*
5BB
683
6
6.7.
604
609
61
62
64
67
6 9
7
70
72
77

:

308.753
792.236

1.693.623
6 1 , 5 5 5
35.9,9

159.29,
3 . 6 0 4

4 4 4 . 4 2 8
347.037

1.005.006
35.419

109.590
123.430

19.996
8.057
6 . 6 5 1

935
6 7 6 . 9 0 3
174.066

1.769
5 9 9 . 0 5 4

2.854
(3.534

2 9 , 5 3 9
34.544

83. (7,
7 1 . 2 0 7
5 0 . 3 8 2

,.456.,6,
13.086
4.293

325.,(,
1,6.288

..*............ .**. ___________--
sum 19.617.482

ROSITAS 30 149.029
30-,
3 , 3,3.709
4 0 4 . 7 3 6

.*..*.....***.. . . . . ________-----
*“m 467,474

RCWGH  BROKEN Ld. “170 7 . 3 2 0
ND

,4 3 0 . 1 1 6
15 9 . 9 0 0
(59 27.392
(62 5 . 7 8 4

mmmmm

SOlLNAYE YLRA
_______________  ____

ROUGH BROKEN LA 164
ND

166
19
19.2
2
ii0
26
2BA
3
30
35
36
39
4 0
4 ,
ii
47
67
69
77

*.I**.*.*.**..*  *a**

(5.776
17.710
19.046
2 . 5 7 2
4 . 5 2 0
3 . 9 7 6
4. ,Oo
6 . 4 7 8

26. (55
3. $40

2 9 . 0 7 7
7 5 . 3 1 2

9 . 0 9 ,
( 6 7 . 5 3 0
3 9 . 9 2 ,

3 . 1 6 0
2 . 0 9 0

‘ 3 . 7 3 4
(0.094

_____________

5”” 599.,,6

RUBBLE Lmm
v,70
,O
1,
13
164
(76
190
192
193

::
23
24
25
26
27

2 0 . 4 7 6

2 0 . 3 9 0
2 9 . 0 4 1

1 . 8 3 0
925
600

42
62

429
6 3 . 4 2 2
3, .59*
46,880

4 , 2 6 4
2 4 , 9 5 9
(5.434
13.133
8 . 4 3 0
8 . 0 0 7

2 5 . 9 5 7
14,727

28A
266
3
30
3 0 - 3

55.332

13.964
18.915
2 9 . 7 1 5

(34.436
1.895

3 9 . 5 8 4

SOILNAYE YLR. ACRES_IN_“‘R*
_______________  ____ -------------

R”BBl_E LAN0 46
4 ,
48
494
5
6
7
70
8

..*,*......*..a  .*.*

2 . 4 5 2
(4.485

9,9
255.2,2

854
78.351

9 . 6 4 5
86.066
2 6 . 7 2 6

_____________
,.045,666

SAN  .Jo*ourN 6 . 6 9 5
1, 4 3 9 . 9 2 4

. . . . . ..I....... ..,I - - - - - - - - - - - - -
*“II 4 4 6 . 5 0 9

SCORE” 46 796
52 44,.069

..***..**.*.**. ..** - - - - - - - - - - - - -
4”ll 44,.864

SWNO 11 5,.43,
7 5 8 9 , 2 6 7
7s 6 . 5 4 4
7 . 8 1.195
8~

. . . . . . . . . . . . ..I . ..I -------------

sum 6 4 8 . 4 2 7

SHEPPA9D 34 6 . 5 4 2
35 4 5 2 . 0 4 2
36 9 1 . 4 2 2
37 3 2 3 , 3 3 7
42 5 3 , 7 3 3

.*.*..*..*..**. .  . . * - - - - - - - - - - - - -
*“I 9 2 7 . 0 7 6

SHlNGLE
32
34
36
46
49
59
569
GO*
6 ,
67
69

. . . . . . . . . ...*.. .*..
6”lll

8.005
6 3 . 4 9 8
7 7 . 2 5 4

6 . 4 3 7
7 , 4 9 4
4 , 4 4 0

9 4 , 9 2 9
5 4 5 , 0 4 9

4 2 . 6 2 0
9 . 0 7 9

6 3 . 8 9 ,
4 0 . 3 5 4

9 6 3 , 0 3 9



STELLAR 41
42

*..I...**...... . ..I

5”D

STONEHAM
46
49
56

E
sm
67
69

CR 72
.*.*........... . . . .

- sum

TENCEE 30
42
70

l ..*.*....****.  .a*.

5um

449,616

23. $70
1.094

770
6 . 3 4 3

4 6 , 6 6 0
3.96. (04
,,,.544

1.500

579.166

‘6.,60
4 7 9 . 0 2 7

12.320
_______------

906.497

THEo*L”No 34 127.268
49 4.094
56A 219.665
566 *.032
6OA 19.202
6 , 4 . 2 6 0
67 40.995

. . . . . . . . . . . . ..I I... -----__------
*“m 416.606

T”“NDER6IRO 35 3.704
3539 9 9 . 4 5 2
36 3 3 , 6 6 6
39 45,.046
3 9 - 4
4 0 (76
7 0 16.625

. . . . . . . . . . ..I.. l ..* -_._____-----
S”m 6 0 3 . 4 7 0

SOILNA”E MLRA  ACRES_IN_YLR* SO, LN*YE
________-------  --_. _-----_______ __.--_.-_______

40.024 ,R*“ESSILLA
,,,.,31

TIVOLl 67
6 9
7 0
77

l . . . . . . . . . . . . . . . . . . -
S”lll

492
277.240

428.867

ii
36
37
40
40-3
4,
42
*I3
ii*
5,
586
6 . 7
7
70
77

126.350
1.384

2 6 , 0 7 2
1.010

l3.6E.B
,.536

25.774
30.111

3 6 7 . 2 4 6
142.975
3 2 . 6 9 2
13.003
3 . 2 1 6

35.401
6 2 . 5 6 3
6 3 . 7 0 5
4 3 . 6 2 0

9

2 7 . 7 2 9
3 . 0 5 3

639
30.906
14.010

606
l **..*.*.t*.*** . . . . -------------
S”m 1.109.461

TORTUGbS 29 13.764
30 (0.370
39 192.672
4 , 2 9 . 6 5 1
70 2 2 2 . 9 3 6

. . . . . ..*I.**.** I... _------------
*“fM 465,593

34 6 6 . 6 2 2
35 7 4 . 6 6 2
36 (63.026
37 1.457
39 9 . 4 4 2
49 9 0 . 5 9 7

. . ..*.*.......a
Sum

TIES  “ERUANOS

.**...*...*..*.
*urn

TYPIC  CRYOCHREP
TS

.,.....I.......

S””

UPTON

.*.............

sun

“R6AN LAN0

YLRA KRES_IN_“LRA
____ _____________
581 1m.49t
568 5.894
608 6.694
67 6 7 . 2 5 2
69 116.907
70 6 2 2 . 7 0 1
77 1.004
.*.* ----____-----

1.326.053

4 0 3 1 . 1 6 6
4, ,9,1.386
42 292; 324
.*.. ________-----

464.676

4 . 2 1 2

176 2tQ.645
43 4 9 9 . 2 3 0
. . . . ________-----

7 2 3 . 0 6 7

42 6 5 6 . 6 6 4
70 4 9 . 3 4 0
. . . . ________-----

7 0 6 . 2 0 4

Y,,O 259
X176 9 6 9
1 634
10 1.729
,, 9.426
$4 6 4 , 7 2 0
15 3 0 . 8 7 5
(6 455
17 6, .6.33
16 4 4 ,
,Q 5 9 . 6 2 7
190 2 9 0
19, 37
192 676
(93 334
194 3 ,
(96 232
IQ6 792
199 7 . 6 0 0
2 9 4 . 6 1 0
20 7.6(4
200 , ,669
201 293
202 1.498



906.255

340.360
68.014

1.716
___________

SOI‘ruYE YLRA  Ac?ES_IN_NLRe,
_______________  ____ _____________

“ATE9 42 45.069
43 129.574
44 22.691
4 , 7.256
46 3.781
461 15.040
488 4.761
5 23.540
51 5.174
52 4.304
531 19.775
56.t 34.!,,
6 36.701
604 12.776
6 , 49.740
69 32.506
7 36.767
70 20.606
6 30.56,
9 19.057

l ****.*. .***,.* .*.. _____________
S”ll 3.116.713

SOILNAME YLRI &CRES_IN_“LRA
-----_-________ ____  _____________
URBAN  LAN0 26 4,075

30 6.578
4 168
42 1.110
44 6.230
49 ‘2.506

430. (10

490.147
2.54,

523
40.635

30
17.205
12.535
70.973
2.291

90.290
1.266

21.524
76.120
55.337
75.672

209.120
113.994

8.250
1.500

16.942
6.643

125.196
7.422

196
65.46,
36,056

1.331
4,620

43,919
65.966

3.679
699,399

232
29.365
9.168

19.096
24.106
49.016
(4.618
2.050

5
599
7
9

*..**...I....*.  .**.

s_m

34
35
36
39
44
46
.9*
49
56.

552
7.570

475
6.367

412.060

21.952
176.  (5,
35.245
19.9.3
7.110
1.807

92.633
112.3tS
12.229

Y
“ATE
“(66
“170
x,74
X176
1
1.3
10
11
13
14
15
,7
174
(76
16
(9
2
20

WELD 27.500
67 666,167

599
608

z

69 7.396
72 1.410

l * * . * * . * . . . . . . .  .*.. -----________
SW 704.473

(6.776
663

72
. . . . . . . . . ..f... ..*.
*urn

_____________
.99,026

“ALEN,
599
67
68
72
7 ,

.*..**.*..**.*. . . . .
S”nl

72.710
3,769

766,765
6,.4,1

620.642
9.114

1.754.410

“IDI 52
531

. . . . . . . . ...*... f...
5”m

149.099
37,.6,0

_____________
526.706

“mu 46.296
56A 20.966
566 6,259
6 , 570.289
69 270.600
72 14.63,

WILEY 26.779
49 4.660
6 , 749.623
69 550.955

l *.*.***.***.** *... ----_________

VILLI*YS 46
52
53A
54

.  .  . . . * . . . . . . * . . . . . .
5””

VIM 42
. . . . . . . . . . . . . . . . ..*
6”ll

VINONA 35
36
39
70

. .  . .**. . .*.*.*.  .*t.

1.334.437

35,
163.560

l.063.697
t.260

2%
22
24
ii
26
2,
26
261
266

1.269.068

509.466

509,466

757,767
35.996
14.646
40,136
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National Soil Survey Laboratory
Activities Report

June 1990

Since our last conference, Dr. Ellis Knox became the Head of
The National Soil Survey Laboratory and in that capacity is
the SCS National Leader for Soil Survey Investigations. Dr.
Carolyn Olson is the head of the new Field Investigations
staff that was added a year and a half ago. New liaison
assignments to states and other personnel changes those are
reflected on our current staff listing. Those are available
to those of you who want them.

We have received the OPM vacancy announcement for a GS-11
research soil scientist to work primarily with our
datasystems. This will draw from all sources and hence will
not be on the familiar SCS "green sheets". We will soon
announce another research soil scientist vacancy, likely for
emphasis in soil chemistry. So, if you know of qualified
candidates, please have them contact Dr. Xnox or one of the
Laboratory Staff members.

Analptioal Aotivities

The number of samples that we receive has increased each
year for the last several years. Last year we received
about 260 projects with about 8,600 samples on which nearly
190,000 analyses were completed.

A new Soil Survey Laboratory methods is being written and is
complete except for final in-house editing. We can provide
it as a draft document to NCSS cooperators on request before
the end of this calendar year. We plan for it to replace
Soil Survey Investigations Report No. 1 after being
subjected to a more formal editorial review.

To provide more software uniformity between our analytical
instruments and our data storage units we are in the process
of purchasing, a Laboratory Information Management System
(LIWS). We expect this system to automatically provide some
analytical laboratory management tools that we currently
lack or have to maintain manually. We anticipate that this
will further improve analytical efficiency.

Data Bases and Reaords

As in the past, as soon as analyses are complete and stored
in the mainframe computer, they are electronically available
to you using the INTERACT program to access the National
Soil Survey Laboratory Database.

Use of the NSSL database is limited by the lack of
classification of many of the pedons. We are modifying the
instructions for the Soil-8 forms to separate the family

LJ
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classification of the pedon itself from the correlation
procedure. The classification of the pedon based on the
field description and laboratory data can be made as soon as
the data are available. We know that the classification of
the pedon is likely to differ from the classification of the
series identified at final correlation, so there is no need
to wait for completion of the survey or for final
correlation to force a match with the family of the
correlated series. We would like to have the classification
of the pedon determined by the states, but if classification
is separated from correlation issues, then any competent,
informed soil scientist can classify.

The National Soil Characterization Data Base development is
moving closer to reality with the location of Ellis Renham
at the Soil Survey Laboratory. Ellis is an Auburn
University Ph.D. candidate employed by Texas A&M University.
This database will incorporate data from all NCCS
contributing laboratories. The associated committee has
experiment station representatives from each region in
addition to the SCS members. Analytical data and
descriptions with software for manipulation of the data will
be distributed periodically on CD ROM to make it available
to the SCS and other participants in the National
Cooperative Soil Survey.

Training

A great deal of our staff time is spent training other soil
scientists. Warren ,Lynn  continues to serve as technical
coordinator for lab data courses with three or four sessions
taught in Lincoln and usually in one or two other locations
each year. Most of the staff helps with these courses.
Warren represented NSSL in the joint effort with the NSSQA
staff to pilot two sessions of a new soil survey course this
year. NSSL staff members also teach at the Soil Science
Institute, the soil salinity course, and soil correlation
courses.

For the third year, our staff had a well-received
presentation at the National Science Teacher's Conference.

Researoh  and Development

Since the list of research activities in which our staff is
involved is quite long, permit me to highlight some
representative ones.
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Studv

N.C. Mountain Soils Study and Tour

Int'l Soil Correlation Meetings

Humic Substances Characterization

Saline Seeps

Drainmod parameters from S-5 data

Particle size by transducer

Soil Data Interrelationships

Soil Geomorphology SSIRs

Lynn
Kimble

Sobecki, Kaisaki

Reinsch

Baumer

Reinsch, Baumer

Brasher

Gamble

Soil Climate Paetzold

Statistical Techniques for

Soil Variability

Paetzold

MLRA Projects Brasher, Olson,

Nettleton

Wisconsin Soil Moisture Study Yeck, Baumer,Olson,

Paetzold, Gamble

Soil surface and ephemeral properties Grossman

Water dispersible clay Burt

Reconstructed bulk density for Ap Grossman

horizons

Illinois - Till plain study

Missouri Ozarks

New England Bedrock study

Olson, Nettleton

Gamble

Doolittle

Great Plains projects Field Investigations

Staff, Brasher,

Nettleton

Oklahoma Panhandle Olson, Brasher



4

Looking Ahoad

We believe that the use of the data we have now and what we
collect in the foreseeable future will be much more heavily
concerned with soil survey interpretations. Those will
include concerns on which we are already working such as
water quality and some just coming onto the horizon such as
global warming.

Priorities and protocols for getting additional data may
change somewhat from our current ways of operating. Perhaps
we will need to consider sampling representative soils in an
WLRA instead of a county or group of counties. A proposed
sampling protocol for RIRA updates is being written and
reviewed by our staff. Some have suggested that the
benchmark soils concept may again be a viable way to
approach sampling. We may also find that our staff liaison
assignments may need to be made in a different way. If you
have some thoughts about these topics, please tell me your
ideas.

RONALD D. YECK
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STATE
_____________-__-_--

NOT IDENTIFIED
ALASKA
ALABAMA
AMERICAN SAMOA
ARKANSAS
ARIZONA
CALIFORNIA
COLORADO
CONNECTICUT
DISTRICT OF COLUMBIA
DELAWARE
FLORIDA
FOREIGN NATION
GEORGIA
GUAM
HAWAII
IOWA
IDAHO
ILLINOIS
I N D I A N A
KANSAS
KENTUCKY
L O U I S I A N A
MASSACHUSETTS
MARYLAND
M A I N E
M I C H I G A N
M I N N E S O T A
MISSOURI
MIssIssIPPI
MONTANA
NORTH CAROLINA
NORTH DAKOTA
NEBRASKA
NEW HAMPSHIRE
NEW JERSEY
NATIONAL LABORATORY
NEW MEXICO
NEVADA
NEW YORK
OHIO
OKLAHOMA
OREGON
P E N N S Y L V A N I A
PUERTO RICO
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
T R U S T  P A C I F I C  I S L A N D
T E X A S
UTAH
V I R G I N I A

5

I** N S S L D A T A B A S E  B*X
P E D O N C O U N T S

01/M0Y/90

T O T A L  P R E 1 9 7 8

(__--------____-_  1978 N “p ----------------->

1978-UP W / T A X  N O  T A X  D E S C R I P T I O N  C O R R E L A T E D
_____ -______

35 2
344 80’
104 19

25 10
70 27

581 295
1193 529

482 212
23 8

3 3
24 15

155 94
894 3
244 54

20 0
42 7

780 146
554 129
479 142
319 9
346 111
244 85
230 124

89 69
150 17
121 63
173 90
151 108
327 82
163 123
538 296
268 59
424 171
752 292
107 70

86 54
79 0

368 137
600 261
279 75

32 6
163 68
478 285

57 40
188 100

85 30
412 198
228 168

37 0
706 273
458 265

76 13

.______ _____  ______ .__________  __________

33 0 33 0 0
264 29 235 207 28

85 72 13 35 71
15 15 0 15 15
43 14 29 26 14

286 38 248 198 38
664 116 548 341 74
270 8 262 143 8

15 15 0 11 15
0 0 0 0 0
9 0 9 3 0

61 4 57 13 4
891 566 325 652 560
190 69 121 101 64

20 19 1 16 19
35 17 18 21 17

634 443 191 543 409
425 189 236 199 59
337 90 247 197 101
310 94 216 70 84
235 126 109 126 126
159 70 89 100 71
106 71 35 32 37

20 4 16 5 4
133 0 133 96 0

58 14 44 18 7
83 31 52 34 31
43 26 17 38 27

245 100 145 93 99
40 30 10 29 29

242 72 170 95 53
209 51 158 86 51
253 173 80 53 172
460 159 301 224 105

37 2 35 30 2
32 29 3 26 29
79 0 79 0 0

231 94 137 104 72
339 14 325 181 14
204 46 158 84 19

26 18 8 22 18
95 10 85 69 8

193 1 192 68 18
17 2 15 0 2
88 1, 87 58 0
55 14 41 21 11

214 3 3 181 111 33
60 15 45 52 1 5
37 35 2 27 36

433 240 193 255 229
193 4 189 122 1

63 0 63 19 0

“’ (c5



6 I

STATE
____________________

VIRGIN ISLANDS
VERMONT
WASHINGTON
WISCONSIN
WEST VIRGINIA
WVOMING
____________________

GRAND TOTALS ------>

TOTAL ........
PRE1978 .......

1978-UP ......
W/TAX ........

NO TAX .......
D E S C R I P T I O N
CORRELATED ...

I** N S S L D A T A B A S E  *l*
P E D O N C O U N T S

Ol/May/90
<________________  1978 8 Up _________________, I

TOTAL PRE1978 1978-UP W/TAX NO TAX DESCRIPTION CORRELATED
_____ _______ _______ _____ ______ ___________ __________

12 8 4 0 4 4 0 I

175 73 102 39 63 67 39

504 162 342 25 317 151 25515 178 337 139 198 134 59 I
159 59 100 51 49 71 51
412 191 221 9 212 93 10

----_ _______ _______ _____ ______ ----------- ----------16563 6188 10375 3546 6829 5589 3083 I

All of the pedons in the NSSL Database.
Padons sampled prior to 1978 by the NSSL end it's predecessor

laboratories.
Psdons sampled by NSSL beginning in 1978.
Pedons classified by stetas or TSC's on NSSL Soil-8 forms

returned to NSSL.
Padons not classified by states or TSC's.
Profile descriptions currently stored in the NSSL Database.
Pedons with a correlstad  series name shown on NSSL Soil-8

form returned to NSSL.
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STATE
____________________

ALASKA
ARIZONA
CALIFORNIA
COLORADO
HAWAII
IDAHO
GUAM
MONTANA
NEW MEXICO
NEVADA
OREGON
TRUST PACIFIC ISLAND
UTAH
WASHINGTON
WYOMING

7

)o(* N S S L D A T A B A S E  i**
P E D O N C O U N T S

Ol/t%lY/90

*f WESTERN STATES **

GRAND TOTALS ------>

TOTAL . . . . . .
PRE1978.....

1978-UP . . .
W / T A X

N O  T A X
DESCRIPTION
C O R R E L A T E D

TOTAL
_____

344
581

1193
482
42

554
20

538
360
600
478
37

458
504
412

___--

6611

PRE1978
_____--

80
295
529
212

7
129

0
296
137
261
285

0
265
162
191

2849

(________________ 1978 B Up _________________>

1978-UP W/TAX NO TAX DESCRIPTION CORRELATED
_______ _____ ______ ____--_-__- _______---

264 29 235 207 28
286 30 248 198 38
664 116 548 341 74
270 a 262 143 a
35 17 18 21 17

425 189 236 199 59
20 19 1 16 19

242 72 170 95 53
231 94 137 104 72
339 14 325 181 14
193 1 192 60 18
37 35 2 27 36

193 4 189 122 1
342 25 317 151 25
221 9 212 93 10

_______ _____ ______ ________--- ----------

3762 670 3092 1966 472

All of the pedons in the NSSL Database.
Padons sampled prior to 1978 by the NSSL and it's predecessor

laboratories.
Pedons sampled by NSSL beginning in 1978.
Pedons classified by states or TSC's on NSSL Soil-8 forms

returned to NSSL.
Padons not classified by states or TSC's.
Profile descriptions currently stored in the NSSL Database.
Padons with a correlated series nama shown on NSSL Soil-8

form returned to NSSL.



LIAISON ASSIGNMENTS 6/90
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Area and States

Pacific Northwest (WA, OR, ID)

Montana

Lake States, Alaska (MN, WI, MI, AK)

New England (ME, NH, VT, WA, CT, RI)

Lower Northeast (NY, NJ, PA, MD, DE,
DC, WV, VA)

and Northern Plains (NE, ND, SD)

Hawaii

Southwest (CA, NV, AZ, NM)

Intermountain (UT, CO)

Central Corn Belt and Central Plains
(IA, IL, IN, OH, MO, KS, WY)

South Central (OK, TX, IA, AR)

Southeast and Puerto Rico (KY, TN, NC,
SC, GA, MS, AL, FL, PR)

Scientist
I

Rebecca Burt/Fred M. Kaisaki

Richard L. Pullman I

Ronald R. Yeck

Laurence E. Brown I

Robert B. Grossman
I

Leo C. Klameth

Otto W. Baumer

Thomas G. Reinsch

W. Dennis Nettleton

REGIONAL LIAISON

Midwest National Technical Center
Northeast National Technical Center
South National Technical Center
West National Technical Center

W. Dennis Nettleton
Robert B. Grossman
Warren C. Lynn
Otto W. Baumer

Benny R. Brasher

Warren C. Lynn I

1

5

I

I

I

I

I

I

I



Updating Soil Surveys by MLRA
Soil Survey Investigations, Services and Perspectives

1. Collect and summarize

1.1 NSSL

1.2 Universities

1.3 Other Agencies

1.4 Literature

2. Help develop MLRA map

2.1

3. Plot

3.1

3.2

3.3

4. Make

4.1

Prepare or coordinate prepartion
2.1.1 Surficial materials map - May need university help
2.1.2 Geomorphic Surfaces map - May need university help

information

Location of sampling sites by county centriod

Exact location of sample sites if coordinates are known

Geographic Distributions of data and data relationships

field investigations

Characterize series
4.1.1 Over geographical range
4.1.2 Over morphological range
4.1.3 Both

4.2 Determine modal concepts
4.2.1 Classify series
4.2.2 RV's (Representative value(s) for modellers)

4.3 Determine Soil - Geomorphic relationships and soil genesis
to help develop map unit definitions

4.4

4.5

Characterize MLRA for regional and national planning

Special or non-traditional investigations
4.5.1 Water quality - surface runoff and deep leaching
4.5.2 Erosion predictions
4.5.3 Global change evidence
4.5.4 Detect or quantify amounts of toxic elements

(heavy metals - selenium, etc.)
4.5.5 Long term monitoring of temporal properties - soil

moisture, temperature, surface characteristics

5. What

5.1

soils are chosen for sampling

Most extensive in descending order.
5.1.1 MUFF file
5.1.2 Where do we stop - 50% of area - ?5%?

5.2 Potential new series

June 1990
(BRB)

existing investigations data for the MLRA

unit definitions



5.3 Those needed

5.4 Fill gaps in

to determine Soil - Geomorphic Relationships

Data Base
5.4.1 Need MLRA SOIL-~'S completed to select soils

5.5 Those requested by States or QA staff

5.6 Those needed to study special problems

6. Sampling Protocol

6.1 Variable sampling patterns and number of sites depending on
purpose and soil or landscape characteristics
6.1.1 Transects
6.1.2 Sample both ends of the range and the modal
6.1.3 If bimodal, characterize both distributions
6.1.4 Need a procedure.to determine sampling patterns

6.2 How do we determine and express the reliability of our
sampling distribution and results

6.3 Dig sampling pit to at least 2 m if possible - auger deeper
6.3.1 Soil genesis and stratigraphy
6.3.2 Characterize for deep leaching of N, etc.

6.4 Sample all horizons, bulk samples and clods

6.5 Sample to characterize surface and near surface layers

7. Administrative Concerns

7.1 Determine a long range Investigations plan for the MLFzA
7.1.1 NSSIV to try to accommodate special objectives when

sampling for other purposes
7.1.2 NSSIV and other NSSC staffs agree on the long range

plan
7.1.3 Clear long range plan with states and others
7.1.4 Incorporate or reference long range plan in M.O.U.

7.2 Cooperation with universities and other agencies.
7.2.1 University or agency appoint a representative
7.2.2 Procedure to share responsibility and activities
7.2.3 Fiscal support of graduate students
7.2.4 Joint publications

7.3 Responsibility
7.3.1 NSSIV to appoint a Coordinator for all NSSIV

activities in the MLRA. May be several liaisons for
a multi-state MLRA

7.3.2 One person on QA staff to have central responsibilty
7.3.3 There may be a local MLRA manager

7.4 Soil Survey Investigations Staffing
7.4.1 Additional staff may be required to handle field work

I

I
I



Canada's National Soil Data Base and Some Related Laud
Evaluation and Interpretation Activities

C.A.S. Smith' and K.B. MacDonald2

LRRC Contribution No. 90-59

ItTIXODUCTION

The role of soil survey is changing from that of simply drawing and publishing
soil maps to that of managing an ever increasing volume of soil related
information. Temporal and spatial databases act as the fuel for land
evaluation models and GIS. Users are as interested in the soil data bases as
the printed map products.

The Canadian Soil Information System (CanSIS) is 8 soil geographic
information system developed and supported by the Land Resource Research
Centre of Agriculture Canada which, amongst other activities, develops and
manages the National Soil Data Base which contains the location,
attributes and biological productivity of major soils of Canada.

In this paper we describe some of the structures and levels of detail found
in the National Soil Data Base. Some of the uses and interpretive products
generated from this data source are given and where possible,
comparisons are made with soil data bases developed by the USDA-SCS.

COMPONENTS OF TRE NATIONAL SOILS DATA BASE

In many instances when dealing with spatial questions the cost in time money
end expertise of collecting all the data required for every question is
prohibitive. It is the philosophy of the Canadian Soil Information System
(CanSIS) that general data bases at three levels of soil detail be
maintained for baseline soil properties. The result is the National Soil Data
Base (NSDB), a group of vector-based, thematic_ data bases operating on a
commercial ARC/INFO GIS. Each of these has a defined and consistent format for
associated attributes and a significant portion of Canada's land
resource has been characterized within them (MacDonald, 1990).

Individual projects in land evaluation (defined here as studies integrating
biophysical, climatic and socio-economic factors), and those requiring
specialized interpretations can add attributes onto these general data bases
as needed.

r Agriculture Canada, Research Branch, Land Resource Research Centre, Box 2703,
2 Whitehorse, YT. YlA 2C6
Agriculture Canada, Research Branch, Land Resource .Research Centre, Central
Experimental Farm, Ottawa, ON. KlA OC6



National Level (1:5,000,000)

This data base supports the present Soils of Canada map. It  contains
information on climate normals, soil great group, land use and modeled yield
data for five major crop types. This  extensive series  of attributes has
been compiled and stored in the Land Potential Data Base. The map polygons
cover large regional physiographic areas somewhat analogous to the USDA-SCS
Major Land Resource Areas (HLRA’s). One map sheet covers the entire
country.

Pest risk assessment studies have been carried out using climate and soils
data from the national level data base. For certain assessments it has been
necessary to collect climate data from weather stations rather than using
the general area estimates.

Regional Level (1:1,000,000)

This level incorporates Agriculture Canada’ s s o i l landscape series .  In
areas where detailed mapping exists, these maps are the products of
generalization. Where no previous mapping exists (i.e. much of northern
Canada) Landsat imagery or small scale aerial photography is used to
delineate landscape polygons. The area of these landscape delineations
varies considerably. Nationally, polygon sizes vary from 1,000 to 100,000
hectares with most falling into the range of 20,000 to 80,000 hectares. Two
data bases, one for dominant soil and associated landscape properties and
the second of subdominant SOilS, are linked to each polygon on the 26 maps
that are being prepared for national coverage at this scale.

These data bases serve a similar function to the USDA-SCS STATSGO  files. In
addition to soil taxa and attributes they include information on geologic
parent materials, vegetation cover, physiographic characteristics, drainage
and water bodies. In some cases  l inkages to  detai led level  f i les  are
provided. These data have been used as a basis for a series of interpretive
maps covering regional soil degradation problems. The soil landscape maps and
associated interpretive maps help to answer questions of regional and national
scope.

Detailed level (l:lO,OOO  to 1:126,000)

A set of relational data files that contain information about the soil map
unit, the soil name (series or association) and the individual horizons
within the soil are linked to the detailed soil maps within CanSIS. The
process of compiling this information from existing soil survey reports,
laboratory records and expert estimates is an ongoing project. Over 1300
detailed maps reside within CanSIS but presently only a small number of these
have the completed soil attribute files linked to t h e m . T h e s e  f i l e s  are
similar in nature and use to the USDA-SCS SSURGO  data base although their
structures differ.

A description of what makes up a complete digital soil map and the elements
of that map have been outlined by MacDonald ( 1 9 8 9 ) .  The r e l a t i o n s h i p
between the cartographic bases, the non-soil thematic information and the



so i l  a t t r ibute  f i l e s  i s  shown in  F igure  1 . The symbolized soil theme is
linked to a soil map unit file (SMUF). This l i s t s the soil names and
their abundance within the polygon of interest. Information about the soils
is found in the soil names file (SNF) which are ordered by province. The soil
layer file (SLF) contains the soil chemical and physical properties.

SOME LAND EVALUATION AND SOIL INTERPRETATION ACTIVITIES

These activities are occurring both at the Land Resource Research Centre
headquarters in Ottawa and at the eleven soil survey units which are located in
each province and the Yukon territory. Some projects involve t h e  d i r e c t
utilization of NSDB files and in other cases involve the creation and
manipulation of regionally distinct databases.

Soil Landscape Degradation Maps

A series o f interpretive SOil degradation maps based on the regional
(soil landscape) data base have been prepared or are in preparation. These
data are augmented as necessary to make interpretations. A list of these
interpretive maps are given in Table 1. Examples  of  two of  these
interpretive products are outlined below.

Table 1. Interpretive soil degradation maps and the provinces covered.

__________________________________________~_____~~~_____~~~~~~~~~~~~~~~~~~~~~~
Map type coverage

____________________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~----------------
Wind erosion risk Alta, Sask,  Man, southern Ont

Water erosion risk all provinces

Salinity Man, Sask, and Alta

Acidification BC, southern Ont, Que, Atlantic provinces

The classification of the risk of wind erosion (LRRC, 1987) is derived from
data from the soil landscape data bases, climate data supplied by the
Atmospheric Environment Service of Environment Canada and on a model for
wind  eros i on that incorporates physical s o i l properties. Further
interpretations are made about the degree of protection provided by the usual
crop management practices within the s o i l landscape polygon. This
incorporates crop and land use data from files of Statistics Canada.

The classification of soil salinity (LRRC, 1988) is achieved for surface and
subsurface soils using soil attributes from the soil landscape map series and
additional observations and laboratory values o f s o i l e lectr ical
conductivity. Information about the extent and landscape position of salinity
in map polygons is provided.

For the s o i l degradation map series a data base composed of relevant
attributes is given in extended legend format accompanying the printed map and
is available digitally.

‘73
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FIGURE I:
ELEMENTS OF A COMPLETE DIGITAL SOIL MAP:
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Agronomic Interpretations

An application of the NSDB to agronomic interpretations involves the
computerized calculation of land capability classification for arable
agriculture. The classification system was developed in Alberta (Pettapiece
1986) as an update of the Canada Land Inventory, Soil Capability
Classification for Agriculture (Environment Canada 1965). The system
employs point deductions to calculate a capability rating within a seven
class system. While agricultural capability class systems do not have
much favor within the USDA-SCS, they still have use in land use planning and
land zoning in many parts of Canada.

There are three components to the classification; landscape, soil and
climate. Each is rated separately and a final integrated rating is
expressed related to the most limiting factor of each component. Economics
are explicitly excluded from the rating system. Socio-Economic factors can be
included in most comprehensive land evaluation models. Readers wishing
details of the rating system are directed to Pettapiece (1986).

The landscape component of the system includes slope length, steepness,
stoniness and landscape pattern. These may be measured directly in
the field or obtained from NSDB data bases and topographic maps.

Climate factors include a moisture component and an energy component.
Moisture is calculated as the difference between precipitation and
potential evapotranspiration weighted for each month of the growing season
and expressed as an index. The energy component is a calculation of the
effective growing degree days. The system also incorporates a daylength
factor. This factor effectively increases the growing degree-day value
for regions between 50' and 65' N latitude to better reflect the productive
realities of northern agriculture. In some parts of the country, agroclimatic
maps display these values. Otherwise, calculations are based on the nearest
long-term weather station normals.

The third component is soil. Factors for both organic and mineral
soils have been defined. Surface factors for mineral soils (top 20 cm)
include texture, structure, organic matter conthnt, depth of topsoil, pH,
salinity, sodicity and calcareousness. Subsurface factors are texture,
structure, depth to non-conforming layer, acidity, salinity and sodicity.
Drainage is another soil factor. All of these data are listed with the SNF
and SLF of the detailed level of the NSDB. A CanSIS research effort has been
to prepare programs to utilize detailed NSDB data records and generate
agricultural capability ratings directly. It is anticipated that once fully
functional these important interpretive maps could be generated quickly and
consistently.

Land Evaluation Projects

There are many land evaluation projects being carried out in Canada by
both government agencies and university departments. Described below are
a few representative projects being undertaken .by t.he Land Resource Research
Centre.



The Prairie. Land Evaluation Project represents a project to carry out land
evaluation on a regional basis. The model draws on data from national and
regional levels of the NSDB. It also requires climate data and farming systems
information. Modeled data on climate and crop indices and yield are created
(MacDonald, 1990). Evaluations are based on agroecological resource
areas (Pettapiece,  1989), areas within which COIIWO~ SOil, landform and
climatic conditions exist. The CanSIS research effort has been directed to
developing a data model which allows for the organization, storage and
integration of these diverse types of data.

A land analysis and decision support system (LANDS system) has been
developed by staff LRRC staff in British Columbia (Moon et al., 1990).
Originally developed for applications in Malaysia, this land evaluation tool
has been applied at a detailed level in northern B.C. The LANDS system
integrates GIS applications with relational data base management. Programs
and procedures are used to construct a mathematical program to match crop
systems to land types. The resulting land use plan maximizes net farm income
for the region of study. The LARDS system uses a GIS module to define land
management units. The various components of the LANDS shell are shown in
Figure 2.

SUMMARY

The NSDB contains information stored in a variety of data base structures
at three levels of detail. Parallel, but somewhat differently structured
soil data bases are maintained by the USDA-SCS. The objectives of the
soil landscape (regional) maps and data base series are similar to those
of the STATSGO project. Within Agriculture. Canada work continues on
linking over 1300 detailed maps within CanSIS to detailed soil map unit, soil
name and soil layer files which act as storage and retrieval mechanisms for
information similar to that in the SSURGO data base.

There is a range of active research and development applications using NSDB
data. Within the federal soil survey these are related to soil degradation
mapping, agricultural land capability assessment and land evaluation
projects at varying level of detail. Research_ efforts not only lead to a
clearer understanding of the uses and limitations of the NSDB but also
knowledge of other data available and an increased supply of data for future
uses.
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SOIL INVENTORY AND MANAGEMENT

IN THE ALASKA REGION, USDA FOREST SERVICE

Earl B. Alexander

Regional Soil Scientist, Juneau, AK

The Forest Service manages 22.4 million acres of land in Alaska - 5.68
million on the Chugach National Forest in south-central Alaska and 16.75
million on the Tongass National Forest in southeast Alaska (Fig. 1). The
Tongass National Forest has bee" divided Lnto 3 adiministrative  Areas, each
larger than any Forest in any other Region. Timber, wildlife, fisheries,
mining, and recreation are the main resource management concerns. The Forest
Service practices integrated resource management, which means that no resource
is managed without considering the others.

Physiography

Both Forests of the Alaska Region are in the Pacific Coast and Mountain
System (Wahrhaftig, 1965). The mountains in the Alaska portion of this system
are constructed of allochthonous terranes, a series of fault-bound disjunct
crustal fragments that have accreted to the North America" continent during
subduction of the Pacific plate (Robert Thorso" in Muhs et al., 1987). Xostly,
they are weakly-metamorphosed volcanic sedimentary assemblages and many
plutonic bodies. The coastal plain around the Gulf of Alaska is "arrow,
discontinuous, with 5,490 m Mt. St. Elias  within 33 km and 4,660 m Mt.
Fairweather within 15 km of the present coastline.

Practically all of the Region was covered by ice during the Pleistocene
(Coulter et al., 1965). Extensive ice fields remain along the crests of the
higher mountains along the coast. These contribute ice to "umerous glaciers,
including the largest Piedmont glaciers in North America. Some glaciers flow
into the sea, where ice is harvested commercially.

The present climate is cool and wet. Most of the Region is perhumid.
Nearly all of the soils have cryic temperature and perudic moisture (Patric and
Black. 1968; Patric and Stephens, 1968) regimes. Few of them freeze, due to
thick snow accumulations. Soils at the lowest latitudes and altitudes, where
snow cover is often discontinuous through the winter, freeze most frequently.

Spruce-hemlock forests have migrated northward during the Holocene
(Heusser,  1985) to occupy, along with muskeg, most of the land below
timberline. Timberline is about 800 m in the south (Stevens, 1965) to about
300 m above sea level around the northern margin of the Gulf of Alaska. The
muskeg vegetation is primarily sedges, rushes, and mosses, commonly with sparse
scrubby trees.

Weathering is rapid, based on chemical denudation rates (Stednick, 1981),
due to the wet climate. Little clay is formed, however, due to the
predominance of dissolution over precipitation and crystallization, although
biotite is altered to vermiculite eve" in alpine environments (Thor" et al.,
1984). Spodosols mature in a few hundred years and become predominant in
forested areas (Alexander et al., 1990),  although both well- and poorly-drained
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organic soils (Folists and Lithic and Terric Cryosaprists) are common. All
muskeg soils are organic (Fibrists, Hemists, and Saprists). The soils of the
Alaska Region are sinks for organic carbon fixed from carbon-dioxide by
photosynthesis (Alexander et al., 1989).

Currently, mass wasting and stream cutting are the main processes of
erosion (Swanston, 1969). There is little particulate erosion by the overland
flow of water in most of the Region.

Soil Inventory

All of the Tongass National Forest, except National Monuments and
Wilderness Areas, has been mapped at order 3 or 4 levels of detail (Table 1).
Correlation of these inventories on the 3 Areas (Table 1) of the Forest should
be completed within 2 years. Soil map units are complexes and associations of
series for order 3 and higher taxa or combinations of series and higher taxa
for order 4 inventory. Map unit composition was determined by traverse. mostly
between helicopter drops.

Table 1. Soil inventory in the Alaska Region of the Forest Service: area
(acre) mapped and being correlated to conform to NCSS standards.

Forest/Area Order Of Detail
3 4

No NCSS Total
Mapping* (acres)

______________________________________________-------~------------------ __---
Chugach 327,000 0 5,357,ooo 5,684,OOO
Tongass

Chatham 2,600,OOO 2,559,ooo 2.786,OOO 7.945,ooo
Ketchikan 2,785,100 492,450 1,889,150 5.166.700
Stikine 3,392,500 275,500 0 3.668,OOO

_______________________________--__________~________-~~---------- __________

* A few million acres mapped on the Chugach N.F. have never been correlated to
NCSS standards.

Only 327,000 acres on the Chugach National Forest have been mapped to
National Cooperative Soil Survey (NCSS) standards; correlation is scheduled for
completion this year. An ecological classification and inventory program has
been initiated on the Chugach National Forest. Soil data collected in this
inventory will be utilized to revise mapping already done, but not correlated,
and bring the inventory of millions of acres to NCSS standards.

Soil Management

The major incentive driving field mapping of the Tongass National Forest to
completion was the realization by land managers that soil maps are basic
natural resource information, essential for good Forest land management
planning. Because landform boundaries were considered to be soil map unit
boundaries, landform maps can be generated from the soil data in the GIS.
Plant associations were described and identified at pedon locations; thus maps
of potential natural vegetation can also be generated from soil data in the
GIS.

Soil map information in the GIS has been utilized to develop wetlands maps
and many different kinds of interpretive maps. Many of our interpretations,
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such as slope stabilty or mass failure hazard, might be considered the domain
of another discipline, but soil scientists are the ones making the
interpretations because they are the ones who have obtained the geographic
data. We still make on-site investigations in the planning of timber sales and
other management activities. In the future, we will be doing more monitoring
of the effects of management activities on soils and the cover that protects
them from erosion. We have best management practices (BNPs) and soil quality
standards (SQSs) to guide management and support monitoring in our activity
areas.

Acknowledgements. Forest soil scientists of the Alaska Region have been very
helpful in supplying and verifying information in this article: Dean Davidson,
Chugach National Forest, and on the Tongass National Forest, Everett Kissinger,
Stikine Area, David Loggy, Ketchikan Area. and Randolph West, Chatham Area.
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Figure 1. Locations of the Chugach and Tongass National Forests (solid black Iareas on map) in the Alaska Region.
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CLIMATE AND TERRAIN CHALLENGES TO SOIL SURVEY
IN ALASKA

Hayes C. Dye, Stqte Soil  Scientist/
State Resource Conservationist

Anchorage, Alas&o

I will briefly discuss three topics. The first is to aquaint  you with the Alaska SCS
program and its employees (see attachments 1, 2, and 3): the second, a bit of
history in the Alaska soil survey program which began with Hugh H. Bennett and

l Thomas D. Rice in June 1914; and lastly, a broad overview of Alaska’s regions,
climate, native people OS well as some trivia about Alaska’s land, mountains,
lakes, and tides.

I also have a few slides from the archlves  that’ll  let us reminisce about field
camps, vehicles, weather and perhaps a few hazards to Alaska soil sutveyers.

Although Alaska Is a young state, her history in soil surveys is long. Dr. Sam Rieger,
the first State Soil Scientist for Alaska, will be discussing the hlstory of the
Exploratory Sol/  Survey ofA\lcrska  with us today. But even before the exploratory.
Hugh H. Bennett had a charge beginning In June 1914 to come to Alaska, then
a territory. and Investigate several areas.

The letter of transmittal and introduction are particularly important to Alaska and
to me, the third State Soil Scientist for Alaska (see attachments 4 and 5).

Alaska is divided into six regions (see attachment 6).

Southeast- Southeast, Alaska’s panhandle. stretches approximately 500 miles
from Icy Bay, northwest of Yakutot, to Dixon Entrance at the United States-
Canada border beyond the southern tip of Prince of Wales Island. Massive ice
fields, glacier-scoured peaks and steep valleys, more than a thousand named
islands, and numerous unnamed islets and reefs characterize this vertical world
where few flat expanses break the steepness, Spruce, hemlock and cedar, basis
for the region’s timber industry. cover many of the mountain-sides.

I



cd
N

. P---t

SAN FRANCISC





I
I

I I

I



.,> ‘_ ‘?;.’ ,,

.-

..~  .,I .,’ ;--.  ,.
.

_

&TH FINLAND AND' :
. .

I,,! ~. ,-





.

SOIL RECONNOISS.WE  IN ALASKA, WITH AN ESTIMATE
,OF THE AGRICULTUR:\L  POSSIBILITIES.

By HUGH H. BENNETT and THOMAS D. RICE.

INTRODUCTION.

The esistence of a vast mountainous area along the southern
coast of Alaska, with numerous lofty, snow-covered peaks and huge
glaciers, necessarily unfit for human habitation, is apt to give one
unfamiliar n-it,h the complexities of the t,opography and climate of
the Territory as a whole the impression that Alaska is a region of
inhospitable mountains , glaciers, and snow, without farming pos-
sibilities. In a measure this is true, for there are in the Territory
immense areas of rugged mountains, including the loftiest peaks
upon the North American Continent, and great wastes of snow-clad
and precipitous land, ‘tide stretches of bleak tundra and mountain
skirting the Arctic Ocean, innumerable  bodies of wat,er-soaked
hluskeg, and many glaciers of almost incredible magnitude.
Nevertheless there are millions of acres of relatively low, smooth
land and gentle slopes in various parts of the country which are
topographically and climatically suited to farming. That this is
true is not a matter of conjecture, for many valuable food products
both for man and animal are nom being successfully growx Farm-
ing in a region so far north may seem astonishing until one is ac-
quainted with the equable summer climate, the long hours of summer
daylight, and the good quality of the soil.

Those n-ho are thinking of going to Alaska for t.hc purpose of engng-
ing in agricultural pursuits should give careful consideration t,o the
conditions--the topography, climate, popukion,  soil, crops, means
of travel and transportat’ion, markets, and tendencies of mining
development. It M-ould be unwise for t,he prospective ngriculturist
to rush into this corm@ nithout some preliminary knowledge of t,he
true conditions. The same is true of all new regions. .

In the regions dealt with in this report it must, be remembered
that as yet strictly pioneer conditions obtain, t,hat settlement is largely
confined to communities in the vicinity of mining camps, that much
of t.he country is inaccessible owing to the absence of roads and rail-
roads, and that home markets are restricted to the present small
population./

9



10 FIELD OPERATIOSS  OF THE BUREAU OF SOILS, 1914.

Every indication is that agricultural development must be gmdunl,
I

must grow with the construction of highways and rsilrrays,  with the
development of mining industries and accompanying mcrense ofI
population. If large numbers, without. suflkicnt  capit.al, should
“stampede” to these lands \viith the idea of immediately est~ablishing
profit.able  farms for t.hemselves, it is believed that, thero wou1d bc

I

only disappointment for many. A careful st,udy of the conditions
before undertaking fnrming operations here is therefore urgentl-I

advised.
The purpose of this report is to present such available informationI

regarding crops and those characteristics of surface configuration.
climate, and soil, and conditions of transportation, marlicts, minin:

3industries, and settlement as may have important influence upon the
agricult,ural development of the region1

The prospects of success for farming depend, so far as sale oi surI
plus products is c~onccrned~  upon finding a local marhot. nrmmg  a

population at.tractcd  by mining resources and fishcries. In 0th

words; these regions of Alnska will probably not for some t.ime espor fi
agricultural products, at least, not on an important, scale. Export :1
tion of such products must await t,he building of a system of railw-n>-a
and highways and probably, also, t,he est,abl_ishment of cheaper trans-
portation.

A briefer report, wiith reconnoissnnce soil maps, outlining t h!
apparent possibilities of fnrmin,0‘ in t.he several regions visited w-n
submitt,ed in January to t.he Interior Department for t’he use of th0
Alaska Engineering Commission in connection with their report, ti:
the President. This commission made preliminary railway-line SLIT

Ireys during the summer of 1914 through several regions, including
the Susitna-Brond Pnss-Sennna  route to Fairbanks, the Coppc
River-Tanana  route, and others.  The President, aft.er considerinL1
t.he respective merits of the severnl possible routes, decided to buih
a railroad along tha Susitna-Broad Pass-Senana route, the line t

1begin at Seward, on Resurrection Bay, and to follow the present liut
of t,he Ah&a Northern Ratioad  to Cook Inlet, thence up t,he Susitrl
‘l-alley, through Broad Pass, and down the Nenana River to thI
Tanana River. A branch line will tap the Matanuska  coal fields
and ot,her branch lines and extensions may be built.

IThe topographic and geologic maps of the U. S. Geological Surre;
greatly facilitated t,he field investigations and made possible tl
construction of reconnaissance  soil maps covering much wider are3

1 The act psed by the Sixty-third Congress at its second  session, providing for the construction o
railrwd  or railroads  in Alaskn  provides, nmong  other thin@.  that the Resident be em~wered “to des
rise and  cause  to be located D route or route9 for B line or lines of railroad in the Territory of Pdlaz
* * l , to be so lasted BP to connect one or more of the open Pa&k Ocean harbors on the souther
coast  of &&a with the navigable  maters in the inkier  of A&&,, and with D coal field  01 fields so as b
to aid the development  oI the agricu+ml and  mineral  or other rsowcea of Alaska, and the settleme
of thepubliclamistkeii  l * *.‘I

cl0
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SOIL RECOSSOISSASCE  IS ALASKA. 11

than could possibly hare been covered without them. A timber
map  of Kenni Peninsula made by the Forest Service helped in making
the reconnoissanc~e  soil map of that. region. The Alaska Engineering
Commission paid the expenses of the work and rendered valuable
assistance in the prosecution of the field work, supplying boat trans-
portntion  and camp supplies and granting the prirdege  of drawing
upon the caches of the surrey pnrtics. The members of this com-
mission are ‘Xlham C. Edes, Chairman, Lieut. Frederick Xeares,
and Thomas Riggs, jr. The rrduablc work accomplished by the
several stations of the Alaska Agricultural Experiment Stations,
under the direction of Prof. C. C. Georgeson, of this department,
afforded much assistance in studying crop production.

The investigations of this reconnoissnnce were directed specifIcally
toward t,hose areas embracing the largest, estent of forming land.
It was not possible in the time nrnilablc to visit’  a number of local-
ities outside the areas discussed, in which there are agricultural lands
and lvhere some crops nre now grown.

The field work was be,- nt Ftik on the 26th of June. h few da;rs
were spent in stud_ting  the soils and qriculturc on both sides of Kmk
Arm; then Rice, the titer, and n. guide, with camp outfit and pack
horse, made a trip up the Xlntnnuskn Valley to a point about 3 miles
nborc Chickaloon. Returning to Moose Creek, a trail was followed
from there to mile 32 on the Xllow Creek wagon road, and from there
the party crossed the Little Susitnn River on the Tagon road, nscended
the high benches on the north side of the river. followed thcseseveral
miles in n westerly direction, recrossed the Little Susitnn, and returned
to Knik by the wagon road.

On July l-1 Rice, the writer, and two assistants from Knil;: Stanton
Shafer and K. A. Johnscn, left Susitna Station on n stern-wheeler of
the ;\l;rslia Engineering Commission, carrring an l&foot rowboat and
camping supplies for four weeks.  ascending the Susitna River to n
point about 3 miles below Indian Creek and 10 miles or more above
the area including lnnd of farming possibilities. Descending the
river in the rowboat! camps n-ere made at various points along the
hanks, from which trips were made recross the bottoms, benches,
and Muskeg  on both sides of the river. Arriving at Susitna the
evening of August 5, the part,?- divided two days later, Rice going up
the Tentna River nith Shnfer and Johnson and the writer across the
trail to Knik.

Ascending the Tentna by power boat to a point nbout 15 miles
above ~IcDougall, near the confluence m-iith the Skmentna River, Rice
proceeded by foot as far as Nugget,  Creek, a t.ributnry of Cache
Creek,  l_ving t.o the north of Peters Hills. He then returned to
Ship Creek, the headquarters of the commission, and later pro-
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I
ceeded to various points on Turnagain Arm- and Henai Peninsuh
by boat, and made such examinations of the soils of those section

Ias time permitted. It was not possible to see as much of liena
Peninstia as was desired, but it is believed t.hat a satisfactory rccor
noissance soil map was made of t,hat region through the inrest~ig:a
tions made, aided by a timber map of t,he Forest Service.

The writer sailed from Knik Anchorage for Cordova on the 16t
1of August, and on the 20th went over the Copper River nnd Sorth.

western Railroad to Chitina. The trip from Chitina to Fairbanks rr
1made by automobile, opportunity being thus afforded to examine th

soils in the Copper River Basin and along the bot,toms  of the Delt:
and. Tnnana Rivers. The soils and agriculture of the Fairbanks di

21trict mere studied bot,h in the bottoms and uplands by nutomobilc :~nr
boat trips and on foot. With Fred Date and two pack horses.  II tri
was made from Fairbanks to Senana by way of the Goldstream Crw I
I-alley and Ninto Flats, and from Senana up the Sennnn River to tl:,
benches above the .‘thirty-mile”  road house. Returning to Senan:I
a motor boat was secured on which the trip w-as made down tht
Tanana to Hot Springs, stops being made at Tolorann  and otb
points. Spending about two days at Hot Springs1 the writer took Y
river steamer t,o Fort Gibbon, and left that place September 16 o
the trip up the Yukon River to Whitehowe. On this trip stops c;
Rampart, Eagle, Dawson  (in Yukon Territory), and other place:
allowed time for taking samples of the more important soils set
along the river. 1Whit,ehorse  was reached September 29: and on tl
same day the trip was made over the IYhite Pass & Tukou l~dro~~

to Skagwar  and an ocean  steamer immediately taken there for Seattl 4
On returning to IYashington,  the soil maps were assembled ant1 th

report written.’
I

1 The report ~8s wrirteo b.r Mr.  Uennclr, who Lad chnrge  ol the expediriun.
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Southcentru//Gulf  Coast-The SouthcentraVgulf  coast region curves 6% miles
north and west of Southeast to Kodiak Island. About two-thirds of the state’s
residents live in the arc between the Gulf of Alaska on the south and the Alaska
Range on the north, the region commonly called Southcentral. On the region’s
eastern boundan/,  only the Copper River valley breaches the mountainous barrier
of the Chugach and Saint Elias mountains. On the west rise lofty peaks of the
Aleutian Range. Within this mountainous perimeter course the Susitna and
Matanuska rivers.

inferior  - Great rivers have forged a broad lowland, known as the Interior, in
the central part of the state between the Alaska Range on the south and the
Brooks Range on the north. The Yukon River carves a swath across the entire
state. In the Interior, the Tanana, Porcupine, Koyukuk and several other rivers join
with the Yukon to create summer and winter highways. South of the Yukon, the
Kuskokwim River rises in the hills of western Interior before beginning its
meandering coarse across the Bering Sea coast region.

Arctic - Beyond the Brooks Range, more than 80,000 square miles of tundra
Interlaced with meandering rivers and countless ponds spread out along the
North Slope. In far northwestern Alaska, the Arctic curves south to take in
Kotzebue  and other villages of the Kobuk and Noatak river drainages.

Traditionally the home of the inupiat Eskimos, the Arctic was inhabited by few
non-Natives until oil was discovered at Prudhoe Bay in the 1960s. Today the
region’s economy is focused on Prudhoe Bay and neighboring Kuparuk oil fields.
Petroleum-related jobs support most of the region’s residents either directly or
indirectly. Subsistence hunting and fishing fill any economic holes left by the oil
Industry.

Western-Bering Sea Coast - Western Alaska extends along the Bering Sea
coast from the Arctic Circle south to where the Alaskan Panhandle joins the
mainland near Naknek on Bristol Bay. Home of lnupiat and Yup’ik Eskimos, the
region centers around the Immense Yukon-Kuskokwim river detta.  the Seward
Peninsula to the north and Bristol Bay to the south.

Southwestern/Alaska Peninsula and Aleutians- Southwestern Alaska includes
the Alaska Peninsula and Aleutian Islands. The peninsula curves southwest about
SO0 miles to the first of the more than 200 Aleutian Islands, roughly 5,500 square
miles in area. Nearly the entire chain is in the Alaska Matttime  National Wildlife
Refuge.

According to the Alaska state climatologist, Alaska’s climate zones are maritime,
transltion, continental and arctic. With the exception af the transition zone along
western Alaska, the zones are divided by mountain ranges that form barriers to
shallow alr masses and modify those deep enough to cross the ranges (see
attachment 7).
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The marltlme  climate zone Includes Southeast, the northern gulf coast and
the Aleutian Chain. Temperatures are mild  - relatively warm In the winter and
cool in summer. Precipitation is heavy, 50 to 200 inches annually along the coast
and up to 400 Inches on mountaln slopes.

The transltton zone is, in effect, two separate zones. One is the area
between the coastal mountains and the Alaska Range, which includes
Anchorage and the Matanuska Valley. Summer temperatures are higher than
those of the maritime climate zone, with colder wlnter temperatures and less
precipitation.

The conttnental  climate zone covers the majority of Alaska except the
coastal fringes and the arctic slope. tt has extreme high and low temperatures
and low precipitation.

The Arctic, north of the Brooks Range. has cold winters. cool summers and
desertlike  precipitation. Prevailing winds are from the northeast off the arctic ice
pack, which never moves far offshore. Summers are generally cloudy and winters
are clear, and cold. The cold air allows little precipitation  and inhibits
evaporation. Because continuous permafrost prevents the percolation of water
into the soil, the area is generally marshy with numerous lakes.

Alaska’s 64,000 Native people make up about 13 percent of the state’s total
population, Of those, roughly 34,ooO  are Eskimos, 22,000 are Indians and 8,000 are
Aleuts. Although many live in widely scattered villages along the coastline and
great rivers of Alaska, 9,000 Native persons lived In Anchorage in 1980, and
Fairbanks had a Native population of nearly 3,000 (see attachment 8).

At first glance It seems odd that such a hlgh area as Alaska has not been more
heavily settled. Thousands of acres of forest and tundra, miles and miles of rivers
and streams, hidden valleys, bays, coves and mountains, are spread across an
area so vast that it staggers the imagination. Yet, over two-thirds of the
population of Alaska remains clustered around two major centers of commerce
and survival. Compared to the settlement of the western Lower 48, Alaska is not
settled at all.

In comparison to the 365 million acres of land which comprise the total of the
state, the settled or altered area currently amounts to less than 1/2Oth of a
percent.

Of the 20 highest mountains  In the United States, 17 are In Alaska, which has 19
peaks over 14,OBO  feet. Alaska has more than 3 mltllon  lakes, one of which is
lliamna which is approximately 1 ,ooO square miles.

10
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In southeastern Alaska, Prince William Sound, Cook Inlet and Bristol Bay, saltwater
I

undergoes extreme dally fluctuations, creating powerful tidal currents. Some bays
may go totally dry at low tide. The second greatest tide range in North America I
occurs In upper Cook Inlet near Anchorage, where the maximum diurnal range
during sprint tides Is 38.9 feet (Nova Scotia’s Bay of Fundy has the greatest).
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GLOBAL CLIMATE CHANGE AND FORESTRY PRODUCTIVITY

Forest floor chemistry interacts with temperature and
moisture to restrict or enhance the supply of nutrients for
tree growth. -In subarctic forests of interior Alaska, this
control of element supply is manifest in dramatically
different rates of nutrient cycling among the principal
forest types. Slow growing forests developing on cold, wet
soils produce organic detritus that is slow to decompose
because of its chemical composition. Consequently, element
supply is restricted in these ecosystems. Productive
forests developing on warm, drier soils produce organic
detritus that decays more rapidly because of favorable
chemical composition. Element supply is enhanced in these
forest ecosystems.

Using the compartment model Linkages, we evaluate
several scenarios that propose altered temperature and
precipitation regimes for their influence on forest floor
chemistry, element supply and the consequence to forest
productivity.

Keith Van Cleve, Professor, School of Agriculture and Land
Resources Management, UAF, Fairbanks
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Abstract: Transportation and appropriate infrastructure are keys to the success of agricul-
tural development. Although there are 7,000,OOO hectares of land considered croppable in
Alaska, only 230,000 are considered economically viable for crops because of the limited
transportation system and infrastructure. In the mid 197Os, a substantial planning effort
was made to develop an export model based on grain and red meat in hopes of revitalizing
the agricultural industry in the state. The model did not come to fruition. Plans called for
very rapid development of farms, and virtually no constraints were put on who could
purchase land. Most who purchased land had little knowledge of farming or farm
management. Failure to complete the necessary infrastructure has made survival difficult
for the few who did have the skills necessary for farming large enterprises in the
circumpolar north. If there is a real interest in expanding Alaska’s agricultural industry in
the future, planners would do well to learn from historical experiences.

INTRODUCTION

“Those who can not remember the past, are condemned to repeat it.”

George Santayana

Transportation and appropriate infrastructure are not often recognized as significant to
successful agricultural development by those having experience where sophisticated
agriculturalindustriesarealreadyinplace. Anobviouskey tomost,  however,isavailability



of suitable land. Alaska’s land mass is approximately 174,141,OOO  hectares. Four percent
(7,000,OOO hectares) is considered appropriate for production of crops (Rieger, et.al.,  1979).
Physical geographic factors: soil type, soil depth, slope and precipitation determine the
land’s potential for crop production (Rieger, 1974). Temperatures and growing degree
days influence the type of crops. These factors limit the physical extent of land designated
as croppable to river valleys primarily south of the Brooks Range. The limited extent of the
surface transportation network and lack of appropriate infrastructure place a further
impediment on lands appropriate for agricultural development in Alaska (Figure 1).

KILOMETERS

Orn0
KILOMETERS

ARCTIC OCEAN

PACIFIC OCEAN

Figure 1. Alaska, featuring mountain ranges, major rivers, and population centers.
From: Pearson and Lewis,  1989.
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Kellog and Nygard (1951) made one of the first observations concerning the link between
transportation and’infrastructure and successful agricultural development. They stated
that although land surveys in Alaska had classified millions of hectares as potentially
croppable, only 230,000 were economically viable because of the limited transportation
system and infrastructure. During the early 1900s and since statehood, agricultural
production has been concentrated in the railbelt with a few production areas in outlying
regions (Figure 2). The early beginnings were in coastal areas.

Eighty percent of Alaska’s 540,000 residents reside in the railbelt area which constitutes
only 20 percent of the state’s total area (Lewis and Pearson, 1990). Today, Alaska’s
agricultural production is concentrated in the Tanana Valley near Fairbanks and Delta
Junction (51.8 percent of the total acreage), and in the Matanuska Valley near Anchorage
and Palmer (39.2 percent of the total acreage) (Stange, 1990). The farm-gate value of
production, however, is 38 percent higher in the Matanuska than in the Tanana Valley
because the product mixisprincipally vegetables and milk (Pearson and Lewis, 1990). The
total land in farms as defined by Brown (1990) in Alaska Agricultural Statistics was 469,000
hectares in 1989.

Figure 2. Agricultural centers showing principal products of each region.



The absence of adequate slaughter facilities, port grain terminals, and vegetable processing
facilities restrict the amount of raw products which can be produced. The small population
of the state limits markets as well. Despite this, there are a wide variety of crops, animals,
and manufactured products produced by the agricultural industry in Alaska. The primary
raw products are small grams (barley andoats), beef,reindeer, hogs, milk, potatoes, lettuce,
cabbage, and carrots. A variety of other vegetables are also produced as are poultry, eggs,
mutton, and wool.

ALASKA’S AGRICULTURAL HISTORY

Alaska’s agriculture began when Russian fur traders and trappers established settlements.
Consideration was given to agriculture when sites were selected. Fresh milk, meat and
vegetables were a concern (Burton, 1974). Most important, however, were coastal loca-
tions. Little investment was needed to develop harbors, there was little incentive to settle
inland away from the sea otter resource, and settlers actually preferred food shipped from
their homeland to that produced in the settlements (Pearson and Lewis, 1989). Unfortu-
nately, and unknown to Russian traders, coastal lands are among those designated as
having low or no potential for crop production.

F .Fairbanks

v = Valdsz

___ = bail

Figure 3. Transportation network and infrastructure from 1898 through 1917.

Although the U.S. government purchased Alaska in 1867, interest in agriculture was not
active until 1898 when land surveys in the interior of the territory were begun (National
Resources Committee, 1932). Survey reports indicated an extensive potential for produc-
tion of agricultural crops and~raising  of animals (Lewis etaI., 1987). By the early 19OOs,
fundingbecame available for theValdezTraillinking  the port atvaldez to Alaska’s interior
at Fairbanks (Figure 3). The population of Alaska was approximately 64,000 in 1910 and



remained atthatleveluntil the1940swhenmilitaryactivityincreased.  Thefirstagricultural
area to develop was in the Tanana Valley near Fairbanks to support the gold mining
industry (Pearson, etal.,  1990). Grain crops were produced, a flour mill operated in 1917,
and a creamery operated into the 1950s. Delta Junction was established as a major freight
and passenger transfer point. Next to develop was the Matanuska Valley. Settlers were
brought in by the Alaska Railroad in the 192Os, and the Matanuska Valley Colony, made
up of farmers from depressed areas in the 48 contiguous s tates, began in 1935 (Stone, 1949).

The transportation networks were expanded between 1917 and 1940 (Figure 4). Anchorage
was a growing city and road and rail connected it to Palmer and Fairbanks. The
infras true ture, however, became less diversified though it expanded. The only agricultural
product processed was raw milk. Creameries operated in Fairbanks and Palmer. Farming
was largely to produce products for personal consumption.

I
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Figure 4. Transportation network and infrastructure from 1917 through 1940.

Specialization of agricultural production occurred in the Tanana and Matanuska Valleys
after 1940, and farming became more commercial. In the Tanana Valley, small grains and
livestock were the principal products. Availability of federal homestead land in the 1950s
brought more farmers to Delta Junction, connected to Fairbanks by an extension of the
Valdez Trail renamed the Richardson Highway (Figure 5). In the Matanuska Valley,
concentration was on dairying, potatoes, and vegetable crops. Efforts of producers were
supported by two agricultural experiment stations, one in Fairbanks and the other in
Palmer.However,improvementofthetransportationsystem(tosupportmilitaryexpansion)
throughout the railbelt area, and particularly from the port at Anchorage to points in the
interior of Alaska, made it less expensive to ship food into Alaska than it could be produced



on the relatively small, low technology farms prevalent throughout the indus try. Introduc-
tion of large aircraft made it possible to ship perishable products into the state (Francis,
1967).

A -Anchorage
D .t4bJumlbn
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Figure 5. Transportation network and infrastructure from 1940 through 1976.

Investors in the agribusiness industry outside Alaska were not willing to move into what
was perceived as a high-risk environmental region where they would face small markets
(the population was 72,500 in 1940, and 226,200 in 1960) and high transportation costs into
and out of Alaska. Prior to 1959, when Alaska was granted statehood, the federal
government had no interest ininjecting capital into Alaska toexpand  its agriculture. It was
not necessary when the U.S. already owned surplus products. With the exception of the
Alaska Agricultural Revolving Loan Fund which made loans to farmers considered too
high-risk by other institutions, the new state government had little capital to inject.
Therefore, no expansion of the infrastructure occurred. Consequently, growth in the
industry stagnated in the 1960s.

EXPANSION OF THE AGRICULTURAL INDUSTRY

The discovery of oil at Prudhoe Bay in 1968 led to an increase in the population in urban
areas, increased income to the state from oil royalties, and increased personal income.
There was an interest in development of resources other than oil by the state, and
agricultural lands wereoneresourceconsidered (Lewis,et.al., 1987). Further, there was an
interest by people in the state in obtaining locally produced food products, and, by some,
in investing in farms and other agricultural enterprises. This interest was supported by
state government officials and legislators who realized if any expansion were to occur in



the agricultural industry: 1) the industry would have to berevitalized, 2) new lands would
have to be put into production, 3) appropriate infrastructure elements would have to be in
place, and 4) lands already in production would have to be protected from encroachment
by subdivision expansion.

From 1976 through 1979, the state of Alaska sponsored a series of four feasibility studies
(Thomas, 1977; Faris  and Hildreth, 1977; Thomas, et.al.; 1977; Lewis et.al., 1980). The first
study considered the condition of the industry in general. The second two studies
addressed the economic feasibility of production of small grains, particularly barley, in
Alaska’s interior. The fourth gave options for establishing dairy farms in the Point
MacKenzie area near Palmer to support the existing dairy processing plant in Anchorage.
DairyfarmnumbersinPalmer  weredecreasingasfarmersrealizedhighcapitalgainswhen
farmsweresubdividedandsoldasresidentialoarcels. Afifthstudv(Fugelstadtet.a1.,1985)
suggested operating efficiencies for the dairy-processing plant inAnc:orage.

Figure 6. Alaskan agricultural development model.

The development model envision by planners is shown in Figure 6. At the core of the plan,
were two agricultural projects (Lewis, et.al., 1980; Lewis and Thomas, 1982). The new lands
recommended for production of small grains were near Delta Junction with dairy farms
near Point MacKenzie. In 1978 and 1980, two land sales near Delta Junction put 32,500
hectares with farm sizes from 557 to 1250 hectares in private ownership. In 1983,19 farms
with an average size of 186 hectares were sold to expectant dairy farmers (Thomas et.al.,
1983). Roads were extended by the state to and within the projects. The state also offered
loans to interested entrepreneurs to expand the agricultural infrastructure. Two slaughter
facilities were planned for Fairbanks and Palmer. A grain and fertilizer facility was to be
built near Fairbanks to facilitate movement of grain and fertilizers from road to rail. An
elevator was to be built in Delta Junction to handle grain from farmers not having on-farm



storage. Railroad cars were to be purchased by the state to move grain from Delta Junction.
Not all grain was to be fed to livestock in Alaska where 87,000 metric tons of feed grain was
the estimated amount necessary for 20,000 slaughter cattle (25 percent of the market share),
100,000 market hogs (43 percent of the market share) and 6,000 dairy cattle (75 percent of
the milk market share) (Agricultural Task Force, 1983). The excess from a targeted 224,000
metric tons at a yield of 2.35 metric tons per hectare was to be exported through Seward
from a port elevator to be constructed by the state and sold to private enterprise with state
loan money. A final step by the state of Alaska was to retain agricultural lands already in
production. This was not apart of the plan for the agricultural projects, but was considered
necessary to enhance the industry. A buy-back plan was suggested Workman et.al., 1980)
in which farmers would trade developed agriculturallandfor new lands (with significantly
more area). These would have to be improved before production could begin. To date, no
farmers have taken advantage of this option.

THE COLLAPSE OF THE DEVELOPMENT MODEL

The model developed for expansion of Alaska’s agribusiness industry did not come to
fruition. According to some, it was conceived with little attention to what had occurred as
the agricultural industry developed in the U.S. (Strange, 1990). This, however, is an
irrelevant comparison. The history of the development of U.S. agriculture is one of
settlement of a frontier with the subsequent need for food for settlers. These were settlers
who had an agrarian background. The federal government subsidized farmers to encourage
further opening of frontier lands. Alaskan agricultural development has its roots in the
need for food during boom periods such as furs, whales, gold, and oil (Pearson, et.al.,  1990).
Some people from the boom periods remained and did become food producers. Unfor-
tunately, few had sufficient skills in farming in the circumpolar north to be successful, and
thus left the region. The single exception was the Matanuska Colony sponsored by the
federal government to resettle farmers severely affected by the depression (Stone, 1949).

There were, and still are, few subsidies available to farmers in Alaska from the federal
government other than homestead lands in the past, and a small amount of loan monies
through the FmHA (Farmer’s Home Administration). Until oil was discovered at Prudhoe
Bay, the new state government had little capital to invest in development of its lands.
Throughout the planning process for agricultural project development, four very impor-
tant elements were in place: 1) there was a positive policy toward agriculture (Alaska State
Legislature, 1977),  2) state government had capital to invest and a state agricultural loan
program in place, 3) persons in the private sector were willing to invest capital and time in
agricultural enterprises, and 4) world grain prices were high (Thomas and Lewis, 1981;
Engelbrecht and Thomas, 1987).

In the mid-1980s,  a change in administration caused a change in Alaska’s agricultural
policy to one adopting a lassaiz faire attitude. This combined with falling income from oil
revenues and oil-related jobs in the public and private sectors, and rapidly falling grain
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prices, resulted in not completing the planned infrastructure. The only element in place is
the Alaska Farmer’s Cooperative in Delta with grain and fertilizer facilities, now operating
under its capacity. The 20 grain hopper rail cars purchased by the state havebeen sold. The
two keys to economic viability of the agricultural projects were the grain and fertilizer
facility near Fairbanks and the port terminal in Seward. The former was never begun.
Materials for the latter were purchased, only to have been recently sold for removal to
China. Because these two components of the infrastructure are missing, the opportunity
to export gram does not exist, and grain and fertilizers cannot be moved as efficiently as
they could have been to areas in Alaska from Delta Junction. This has produced a negative
chain reaction throughout the gram and meat sector of the industry (Figure 7). The present
structure of the industry is very much as it was in 1976 (Figure 8).

Figure 7. Collapse of Alaska’s agricultural development model.

Despite the problems within Alaska’s agricultural industry, the farm-gate value of prod-
ucts is increasing although the product mix has changed somewhat (Pearson and Lewis,
1989; Brown, 1990). Alaska’s farmers supply close to 80 percent of the non-restaurant
market for potatoes. A feed and fertilizer plant in Fairbanks produces many types of animal
feed. The largest amount of product is dog food for dog mushers as well as pet owners.
There is continuing growth in the vegetable sector, particularly lettuce. There is a small
processor of frozen products in Anchorage, but over 90 percent of the vegetables and
potatoes are marketed fresh (Swanson and Lewis, 1990a).  There is an increasing demand
for Alaska products because of their quality. Reindeer antler and meat products (Stern,
et.al., 1980) and indigenous berries and berry products (Lewis, etal.,  1990) have a high
potential for sales in Alaska,U.S., and international markets. To aid producers, the Alaska
Division of Agriculture promotes product sales through their “Alaska Grown” marketing
program (Swanson and Lewis, 1990b).



Figure 8. Present status of the transportation network and infrastructure In
Alaska’s agricultural industry.

CONCLUSIONS

The agricultural plans of the 1970s called for very rapid development of farms within the
new projects. The reason was to have a critical mass of product moving through the
marketing system to gain the planned transportation, handling, and processing efficien-
cies. Farmers were asked to build farmsteads, clear land of the native tree cover, produce
crops, and build dairy herds to be in full production in under five years. This was a mistake.
Few of the farm owners were able to meet the schedule, and those who did faced an
incomplete infrastructure. An even bigger mistake, however, was made by state govern-
ment. Planners called for stringent qualifications for persons to become eligible to purchase
land in the Delta and MacKenzie Projects. Primary among them were appropriate
experience in farming and farm management, and sufficient capital resources to qualify for
loans near $1 million. Legal constraints within the state attorney general’s office removed
almost all qualification suggested by planners. Those remaining were: applicants had to
be over 18 years of age, had to have resided in the state for one year, and had to have no less
than $35,000 in liquid assets. As a result, many who purchased land had no experience in
farming and had insufficient capital to qualify for large loans although all received such
loans. This, coupled with the rapid development schedule, was a blueprint for failure for
most would-be farmers. Success rates among the few capable of farming large tracts or
managing dairy herds composed of high-production genetic stock would undoubtedly
have been higher if the infrastructure had been completed as planned.

An increasing value of agricultural products is encouraging. However, the increase will
remain small if products cannot be exported because of the state’s small population. To
export products and to process products will require large injections of capital. In this
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regard,Alaskadoesnotdifferfromotherareasinthecircumpolarnorthsuchas  thesiberian
region of the Soviet Union (Novosolov, 1979). The difference lies in the ease of importing
food to remote communities. Alaska has an extremely well developed transportation
system when compared to that found in Siberia (Garmiov,  1981). Food products can be
easily imported and moved to remote areas. Without a compelling need to produce food
and without the necessity to depend on income from an agricultural industry, it is doubtful
that there will be support from the public sector to construct or complete the appropriate
infrastructure. If there is a real interest in future expansion of Alaska’s agricultural
industry, planners would do well to learn from historical experiences.
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IProvides reliable, new information and understanding about soils, soil

relationships, and soil survey methods. Develops and provides soil charac-
terization data; improves characterization methods; develops new concepts,
methods, understanding, predictions of soil behavior and information in sup
port of soil survey interpretations and modeling; and develops information, I
theories, and understandine about formation of soils. genetic  factors. and
landscaping relationships i; support of ‘soil  mapping, ioil  classification; and
soil correlation.

All programs and sedces  of the soil  Conservation Service are offered on a nondiscriminatory basis, without regard to
race, color, nalional origin, religion, sex,  age, marital status, or handicap.
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THE IMPACT OF FIRE ON PERMAFROST SITES IN INTERIOR ALASKA
speech by Joan Foote, INF

Greetings, It's a pleasure to be here today. I hope you are finding this week
worthwhile and that Alaska is a" interesting and worthy place.

I was asked to talk about fire ecology in interior Alaska. I will take a few
minutes to describe how we view fire in Alaska and how it impacts the
vegetation you see when you look at the landscape. HOWeVer, most of the time I
will talk about the impact fire has on permafrost and the active soil layer
that lies above it.

Introduction

Fire Fire is a" integral part of the ecology of interior Alaska. It burns a
total of 3.5 to 5 million acres (1.4 to 2 million hectares) annually. I" a low
fire year that is equal to a" are*  the size of the state of Connecticut. I" a
high fire year, a" area equal to state of Massachusetts would burn. The
natural fire frequency is 35 to 125 years. depending on the type of
vegetation. Sites with black spruce burn most frequently, sites with hardwoods
or white spruce burn at longer intervals. The oldest trees that I know of are
less than 350 years in age. Most mature trees are 120 to 250 years in age.

Most of the fires in interior Alaska are caused by lightning, though
increasing numbers are caused by man. Land managers are beginning to use fire
as a management tool. Fire suppression activities started in the 1960ies. In
the beginning all fires were extinguished. Today fire management plans exist
for each region of the state. These plans, which were developed by all the
land owners in the region, determine the type of suppression activity, I.E.
full, modified, or partially modified, that will be used when fire occurs.

Individual fires vary in size; some are less than one acre (0.4 hectare) in
extent Other single fires can be more than 500,000 acres (200,000 hectares)
in area. No two fires are alike. Some are hot, others cool. Some burn
superficially, others deeply. Some move  rapidly, others slowly. Some travel
from tree top to tree top as crow" fires, others "ever leave the forest floor.
Most are a mix of the two.

The resultant burns vary in size and shape and have irregular boundaries.
Sometimes areas will be missed by the fire. However most of the above ground
vegetation is consumed or killed. The ground surface is left looking black and
bleak. Even though some of the surface organic layers may be consumed some of
it is usually left intact. This means many of the roots.  rhizomes and buried
seed are available for sprouting.

Vegetation Most of the plant species growing in interior Alaska are well
adapted to fire. Because of this, most plant species present on the site at
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the time of the fire will return following the fire. However some, like white
spruce, may have difficulty. White spruce seed seldom survives fire. In
addition white spruce do not produce sucker shoots and do not produce a viable
seed crop every year.

With few exceptions, the stages of stand development that occur following fire
reflect the rate at which different plants grow and mature. Initially those
species that can efficiently utilize the flush of nutrients made available by
the fire, dominate; the liverwort, Marchantia, and the moss, Ceratodon,  come in
on exposed mineral soil surfaces, while fireweed, corydalis, blue joint,
raspberry and young shoots from many of the low shrubs do likewise on organic
surface*. Initially the faster-growing herbs dominate. Then for a period the
low shrubs are most visible. With time the tall shrubs and tree seedlings are
the tallest. These are soon over-topped by the hardwood saplings. Unless fire
or other disturbance intervenes the spruce will out live the hardwoods and
dominate. Given even more time black spruce may replace white spruce. The
moss layer is slow to develop. It does not form a continuous layer on the
forest floor until after the spruce. especially black spruce, dominate the
upper canopy.

The vegetation patterns you see on the landscape reflect different fire
histories, different vegetation histories and different developmental stages

Permafrost Interior Alaska lies in a zone  of discontinuous permafrost. This
mean it is present on some, but not all sites. It is found primarily on
north-facing slopes, toe-slopes, valley bottoms away from active streams, and
beneath black spruce-feathermoss-sphagnum vegetation types. Since black spruce
forests are the end point of succession on many sites, permafrost can form over
extensive areas of interior Alaska.

Permafrost forms when the ground frozen in winter does not thaw or melt during
the succeeding two summers. However, in this part of Alaska this does not mean
it is permanent! Permafrost is maintained primarily by the insulating effects
of topography and/or the vegetation cover shading it. All plants shade.
However it is the development of the moss layer, the thick continuous cover of
feathermoss and/or sphagnum, that insures the presence of permafrost close to
the surface. Destroy this moss layer and you cause the permafrost to melt.
Encourage the mo** layer to develop and you en*ure permafrost will form. As
the moss layer thickens, the soil temperature* decline, decomposition slows and
the undecomposed organic layer thickens. This provides more insulation and the
cooling cycles builds. The presence of sphagnum indicates the presence of
water. This usually means the permafrost layer is rich in ice.

Immediate and short fire effects

A typical site (slide) with permafrost will have scraggly looking black spruce
trees, an extensive low shrub layer of labrador tea and blueberry, and a deep
cdntinuous layer of feathermoss and sphagnum. Reindeer lichens (slide) may or
may not occur nestled within the upper layers of feathermoss. Permafrost
occurs within 30 cm of the surface.
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Soon after fire ignites the fuels on one of these areas a" active flame front
develops (slide) and moves irregularly over  the landscape. The flame front may
moves along the ground, up into the tree crowns, along from tree crow" to tree
crow", back to the ground, back to the crown, etc. After the flame front
passes the area will continue to smoke and smoulder (slide) for some time,
especially in hot spots. In the end (slide) the trees are mostly killed, some
have fallen and the surface is mostly black. Heat is still penetrating into
the organic layer, especially in the hot spots. During the days following the
fire temperatures on the dry, blackened surfaces may reach over 59'c; these
temperatures are lethal to seedlings.

Suppression activities that accompany fire usually include the construction of
some type of fireline. They may be wide or "arrow, made before, during or
after the fire. The ones show" in this slide have been made by caterpillar
tractors. They can also be made by pick, shovel or eve" primer cord (slide).
However, in all cases the surface is scrapped to either mineral soil or ice.

One week after the fire most surfaces are black (slide). Even though the
sphagnum mounds are not black they have been sufficiently heated so that most
of their mass is dead. A few grass blades and low shrub sucker shoots are
beginning to appear.

Three months later (in September) the surface is still black and mostly bare.
However patches of mud, wet mud, have appeared (slide). Erosion channels have
formed in the firelines (slide). Water bars, where constructed, help to slow
the development of water channels (slide).

While studying the revegetation process following the 1971 Wickersham Wildfire
we also followed the changes that occurred to the active layer above the
permafrost layer in the soil profile. Six sites were selected; three sites
were on the lower slopes either side of the valley. Each set contained an
unburned control site, a heavily burned site, and an adjacent fireline site.

Temperature sensors were installed a 0, 5, 10, 20, 50, 100 , and 150 cm depths
in the soil profile. Leads from the sensors were buried, run through a pipe
and connected to a junction box (slide) which was housed in a red wooden box.
This set-up withstood the activities of both hare and squirrel. Adjacent to
the temperature sensors a probe line was established. This consisted of ten
flagged stakes. Each time the site was visited we recorded the temperatures at
each depth and measured the depth to permafrost at flagged stakes by inserting
a steel probe as far as possible into the ground.

Ten years after the fire the control site looked similar to its pre fire
condition. The site around the temperature control box and probe line can be
see" in this slide. However the disturbed sites have changed visibly. Along
part of the probe line in the burned site the grasses are waist high (slide).
Elsewhere along the same probeline the willows and low shrubs shoots are knee
high. The fireline now appears green rather than brow"; many saplings are
visible on the more stable sites (slide). Grass and willows (slide) are
growing on the drier sites and cotton grass (slide) grows in the wetter sites
of the probe line.
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Freeze/thaw trends

Summer thaw pattern During winter the soil profile freezes completely, As
spring and summer-progress the upper layers thaw. By graphing the frost probe
information gathered weekly the seasonal pattern of thaw is visible. In the
unburned control site (slide h figure 1) the thaw starts in early May and
continues to gradually deepen until late September or even early October. The
maximum depth never exceeds 50 cm. The pattern varies little from year to
year. In the burn the pattern of thaw (slide & figure 2) is similar until mid
June. At that time the rate of thaw sharply increases. The depth of thaw
continues to deepen at this rapid rate until August. Thereafter the rate slows
and finally comes to a halt sometime in September. The thaw is a little deeper
each succeeding year and much deeper than in the unburned stand. In the
fireline the pattern of thaw (slide & figure 3) is similar to that in the
burn. However the period of rapid thaw begins about two weeks earlier in June
and the deepest thaw depths are not reached until sometime in September.

Annual freeze/thaw profile When the freeze/thaw profile for all sites is drawn
on the same graph the differences and similarities become clear. The pattern
is different for each site. Thawing starts on all sites in early May (slide
and figure 4). During the summer thawing is least in the unburned site, and
greatest in the fireline site. The fall freeze-up is somewhat different on
each site. In the unburned control, it begins about the same time (late
September) from both the top and the bottom of the active layer, but the rate
of downward freeze from the ground surface is greater than the rate of upward
freeze from the permafrost/active layer interface. The soil profile is entirely
frozen by mid December.

By contrast, in the burned site the soil continues to thaw at depth until after
the surface layers have begun to freeze!! Freezing of the surface layers
starts in early October, freezing at depth starts one month later. Freezing
continues from both directions until the profile is completely frozen in late
January. Freeze-up occurs one week to one month later in the burn than in the
unburned control. The pattern on the fireline differs from both of these: it
melts deeper and at a faster rate, starts freezing upward from the surface of
the permafrost before it begins to freeze downward from the ground surface, and
the soil profile remains partially unfrozen longer. The profile is completely
frozen late in February or one month later than in the burned site and two
months later than in the unburned control site.

Changes in the depth of thaw through time The maximum thaw depths on these
sites have been followed for the first eighteen years following fire (slide &
figure 5). During this time little variation has occurred in the unburned
control, while a big change has occurred on the disturbed sites. The depth of
thaw remained around 50 cm in the unburned control sites while it increased an
average of 13 cm per year in the burn and 15 cm per year on the fireline until
1985. Since then the trend is somewhat unstable but appears not to be getting
any deeper.

Influence of aspect So far I have been talking about the pattern of thaw on
lower slope sites that have a northwest-facing aspect. What happens across the
valley where the slopes have a southeast-facing aspect (slide figure 6)? The
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pattern of thaw on in the two control sites is similar: they vary little from
year to year and both thawed to a depth of about 50 cm.

All disturbed sites thawed to deeper levels; the deepest thaw depths were
reached on the two fireline sites. The southeast-facing fireline thawed to a
maximum depth of 305 cm in 1979 or five years after the fire. The maximum depth
of '270 cm was reached in 1985 on the northwest-facing slopes or six years
later! The maximum depth of thaw was greater on the southeast-facing slope
than on the northwest-facing slope. Thawing depth on the two burned sites
continued to deepen until 1985 and was a little deeper on the northwest-facing
slope. Thaw trends since 1985 when the maximum depths were reached are
unstable and difficult to interpret on all sites but, at least the pattern on
the southeast-facing slope, suggest that is may be in the recovery phase.

Other phenomena

Subsidence Subsidence occurs, at least in the areas of ice-rich permafrost.
Subsidence along the prbbe line in the fireline varied from a few inches to
over one half meter in ten years (slide & figure 7).

Ground temperature envelope When comparing the soil temperatures of one site
with those of another its useful to compare what is called the ground
temperature envelope. The ground temperature envelope for a site defines the
temperature extremes that would occur in the soil profile on that site. The
line on the left of the graph (slide h figure 8) is the minimum temperature
that occurred at each depth, the line on the right is the maximum temperature
that occurred at each depth. The middle line is the mean of the two extremes.
The values for 1979 are connected by solid lines, those for 1980 are connected
by dashed lines.

In the control the extremes at the surface varies from -20°c to + 2o"c
making an average of 0'~. At 80 cm down in the soil profile the temperatures
varied from -5'~ to +l"c for an avera e of -2'~.

6
In the burn the

tegperatures varied from -15'~ to +25 c at the surface and from O'c to
+l c at a depth of 150 cm;
surface and +0.5'c at depth.

average temperatures were about +2'c at the
This contrasts with the warmer temperatures

found on the fireline. There the temperatures varied from -5Oc to +21°c at
the surface and -O"c to +lO"c at a depth of 150 cm.
at the surface and +5Oc  at at depth.

Averages were 13'~

Soil temperatures at 10 cm The 10 cm depth in the soil profile is where most
of the roots occur. The seasonal pattern found at this level in the soil is
shown (slide) in figure 9. The coldest temperatures are reached in Feb. At
that time the unburned control is the coldest and the fireline the warmest;
both are below freezing. The warmest temperatures are reached in early
August. This is almost one month earlier than the deep soils attain their
warmest temperatures!! In August the fireline is the warmest site and the burn
the coolest site; and all sites are warmer than +lO'c.

Other effects Before I end this discussion I will briefly mention some other
ways in which fire, acting on the soil, impacts the site. When silica is part
of the surface materials, hot flame can melt the sand and at least temporarily

125



Page 6

seal the surface so that neither water or germinating seed can penetrate. In
the process of consuming organic material, a hot flame may volatilize some of
the nutrients. When this occurs these nutrients are lost from the site.
However at other times when the flame temperatures are cooler, the fire
released nutrients, thus making the nutrients more available to the plants on
the site. Heat from the flame may penetrate the soil. In addition the
blackened surfaces will continue for days and years to absorb solar radiation.
Both increase soil temperatures which in turn speed up chemical reactions and
thus growth. It also increases the number of decomposers and their rate of
activity which again increases the amount of available nutrients. Earlier I
mentioned erosion and subsidence. The long term effect of this can not be
underestimated. When the ice content of the permafrost soil melts and the soil
loses strength, soil particles move. When the substrate moves all living
plants situated on top of it are impacted. Some, like the trees in this slide,
will split upward from the base; each side of the tree moving with its own mass
of soil. More frequently the plants, especially the young germinating
seedlings, will be uprooted. Vegetation will be lost from the area until a new
type of stability is attained.
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SOIL SURVSYS AND PERMAFROST

Joseph P. Moore
Assistant State Soii Scientist

Soil Conservation Service
Anchorage, Alaska

Permafrost is a topic which will be discussed many times
this week. It is a topic which which we could barely begin
to cover, even if we spent the entire week discussing it. I
would like to use the next few minutes, however, and discuss
some general concepts concerning soils with permafrost and
the implications on soil mapping, classification and
management.

First, what is permafrost? Permafrost is a thermal
condition defined as a thickness of material with a
temperature at or below 0 degrees C. for two years or more.
Since the definition is based solely on temperature, even
bedrock can have permafrost.

Above the surface of the permafrost or permafrost table is
the active layer, the zone of seasonal freeze and thaw. The
thickness of the active layer and the depth to the
wermafrost table is determined the thickness and tvoe of
Legetative  cover, soil texture, aspect
of soil layers due to cryoturbation is
active layer.

and relief.-'Churning
most evident in the

Soils with permafrost range across all texture classes. The
soils may have a high moisture content resulting in a high
ice content and extremely firm consistency, or they may be
essentially dry and loose. Those permafrost soils with a
high ice content may have the ice disseminated throughout
the soil as pore ice and thin lenses, or the ice may be
segregated into massive wedges and blocks. Each of these
variations has an impact on interpretations and potential
land use.

Soils with permafrost are found consistently in northern
Alaska (Zone of Continuous Permafrost (Pewe 1975)) but
become inconsistent in central and Interior Alaska (Zone of
Discontinuous Permafrost (Pewe 1975)). As one moves south
through the discontinuous zone, larger and larger blocks of
permafrost free soils are found.

In northern Alaska or the continuous permafrost zone,
permafrost temperatures are relatively cold, approximately -
5 degrees C. or lower. Improper management, such as

13 6



disturbance of the vegetative cover, will lead to
thickening of the active layer and some lowering of the
permafrost table. Seldom, however,
table drop below the soil profile.

will the permafrost
If the soil is medium to

fine textured with a high moisture content, poor drainage
and unstable soil conditions will occur over the impermeable
permafrost table. Management in this region is geared
toward protecting the existing properties of both the
active layer and the permafrost.

In the zone of discontinuous permafrost, permafrost
temperatures are relatively warmer, approaching 0 degrees C.
As such, permafrost soils are much more sensitive to any
factor which will alter their thermal regime. Even minimal
disturbance can have a considerable affect on the active
layer, the permafrost table, and accessory soil properties;
subsequently affecting potential use of the soil.

The easiest way to alter the thermal regime of a permafrost
soil in the discontinuous zone is to alter the properties of
the insulating organic mat. Wildfire, a common occurrence
in Interior Alaska, as well as man induced disturbances such
as land clearing,
organic cover.

will lessen or destroy the insulating
The result is thickening of the active layer

and lowering of the permafrost table. If the soil is ice
rich, poor drainage conditions will occur until the
permafrost table drops low enough to open up natural
drainage outlets. At that point, many soils become well
drained. In many cases, if no further surface disturbance
occurs, natural succession of vegetation will result in re-
establishment and thickening of the organic mat. The mean
annual soil temperature will begin to decrease. The
permafrost table will rise in the soil again as the soil
temperature drops continuously below 0 degrees C.

Management of permafrost soils in the discontinuous zone may
be directed either at maintaining the existing permafrost
conditions or at lowering the permafrost table to a depth
where it will not have an affect on management. An example
of permafrost protection is the Trans-Alaska pipeline with
its raised sections and cooling supports over permafrost
soils. An example of permafrost removal are the large land
clearing operations to turn permafrost soils into productive
agricultural land.

What are the implications of permafrost on the soil
scientist who is trying to map,
soils?

classify and interpret these
In the continuous zone, there is little problem.

The overwhelming majority of soils have permafrost in the
profile and management is geared toward maintaining that
permafrost. Interpretations are focused on the surface
organic and mineral layers and the thin underlying active
layer. The series and particle size control sections extend
to 14 inches if permafrost is within 14 inches of the
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surface. If permafrost is deeper tha~n 14 inches, the
control section extends from 10 inches to 10 inches below
the permafrost table. Classification is fairly straight
forward and the soil scientist can concentrate on mapping
out soils based on textures, ice content, and key genetic
properties.

Things are a little more complicated in the discontinuous
zone. Consider a single landform having uniform lithology
and soil material. That landform has been subject to a
wildfire, with a scar separating burned and unburned
sections. The soil on the unburned side of the fire line
has a thick organic mat, shallow permafrost table, pergelic
temperature regime, and a poorly drained active layer. The
control section of the soil is 0 to 14 inches. The soil
classifies as a loamy, mixed, nonacid Histic Pergelic
Cryaquept. On the other side of the fire line, the soil has
no permafrost in the profile, and is well drained with a
cryic temperature regime. The control section for this
profile is from 10 to 40 inches. The profile classifies as
a coarse-silty over clayey, mixed, nonacid Typic Cryochrept.
Now complicate the issue a little. The soil which has
thawed due to organic mat destruction, will cycle back to
its permafrost state and change classification as the
vegetative mat is reestablished and soil temperature lowers.
A further complication is that all stages of the cycle may
occur on a landform, depending on the severity of a burn,
and the continuous overlapping of fire scars.

How can a soil scientist adequately map, classify and
interpret these soils. The mapping is fairly straight
forward. Separate map units are set up for the extremes of
the cycle and possibly an intermediate stage if it covers
significant acreage. One map unit for the poorly drained
soil with shallow permafrost, one for the well drained soil
with no permafrost, and possibly one for the somewhat poorly
drained soil with the permafrost table lower in the profile.
All other intermediate stages of the cycle are handled as
inclusions. If the thawed and frozen components are
intermingled in small acreages, a complex is set up,
describing and interpreting each component.

To provide adequate interpretations, the permafrost soil
must be interpreted both for its current condition in the
frozen state and for its potential in the thawed state.
Most large scale land management uses will require that the
permafrost table be lowered. Interpretations for both
states can be handled in the map unit descriptions, although
the descriptions become lengthy. It is more difficult to
handle the dual interpretations and properties in automated
databases. Only the properties and interpretations for the
soil in its current frozen state are stored in the national
databases. The potential thawed properties and

/3a
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interpretations could be handled using state tables in the
state soil survey database.

A soil that is currently in the "thawed" state will be
interpreted for management of its thawed properties as well
as how to keep it "thawed".

As discussed above, classification of permafrost soils in
the discontinuous zone becomes very difficult. First, the
definition of pergelic temperature regime does not exactly
coincide with the presence of permafrost. Pergelic soils.
have a mean annual soil temperature lower than 0 degrees C.,
while permafrost has a continuous temperature of 0 degrees
C. or less. Secondly, the temperature regime, control
section, drainage class, and presence of a histic epipedon
can all change across a fire scar or fence line, resulting
in different classifications. The current classification
scheme does not show the relationship between the frozen and
thawed states of a soil. Especially confusing are the
family differences. The limited control section of the
frozen soil does not allow family or series separations that
are necessary to manage the soil following thawing. A
classification scheme is needed that will recognize the
characteristics of the extreme ends of the cycle yet still
show the relationship between those extremes.

A proposal has been developed to modify SOIL TAXONOMY with
regards to permafrost soils. Copies of the proposal are
available to those who wish to study it in detail. In
general terms, however, the proposal would: aJ redefine the
pergelic temperature regime to coincide with the definition
of permafrost; b) redefine the pergelic and cryic
temperature regimes to allow for the temporary cycling of
mean annual soil temperature from pergelic to cryic and
back; c) recognize permafrost at the great group level by
adding a "geli" great group for soils in the pergelic
temperature regime. Typic subgroups would recognize the
"cold" noncycling permafrost soils. Cryic or "cyclic"
subgroups would recognize the "warm" permafrost soils which
may cycle if disturbed; ci) open up the control section of
soils in cryic subgroups of "geli" great groups to 10 to 40
inches. This would allow the frozen and thawed counterparts
to remain in the same family. The soil from our earlier
example would classify as a coarse-silty, mixed, nonacid
Cryic Geliaquept when frozen and as a coarse-silty, mixed,
nonacid Cryic Geliochrept when thawed.

In conclusion, permafrost'soils provide a soil scientist
with a considerable challenge to understand the dynamic
processes involved and to provide useful data and
interpretations to land users. There is a great deal to
learn and understand. Permafrost soils are one of the many
challenges that keep a soil scientists work challenging and
rewarding in Alaska. As we work to better understand these
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soils, we need to work with and listen to others who share
the same concerns. This means improving technical soil
communications with the Soviet Union, Canada, and other
circumpolar nations which have permafrost soils.

Pewe, Troy L., 1975, Quaternary Geology of Alaska,
Geological Survey Professional Paper 835, U.S. Govt.
Printing Office, Wash. D. C.
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SOIL CLIMATE ISSUES

R. F. Paetzold

Three soil scientists were out in the field  one day, trying to classify a soil. This one particular soil was
giving them problems. The soil was sandy with a high or very high saturated hydraulic conductivity. Its
position in the landscape was such that it also received extra water in the form of rue-on  from other
soils. No measured soil water data was available. The first soil scientist claimed that the soil should be
in the aridic  soil moisture regime because it was incapable of being used for crop production without
irrigation. The second soil scientist claimed that it should be ustic based on the fact that it received
more water than the surrounding soils, which were aridic-ustic  because they had to be fallowed every
other year in order to grow crops. In addition the soil produced more native grass than the
surrounding soils that were in grass, and could produce more cattle because of the extra grass. The
third soil scientist said that both were wrong. He claimed that it should be udic because it had a high
hydraulic conductivity and much of the water that entered the soil was lost through deep drainage or
percolation. In other words the soil was highly leached, especially compared to the surrounding soils.
Also, the fact that water readily moves through the soil has implications for engineering interpretations
such as septic tank lilter Ii&is, pesticide movement and ground water quality. Which soil scientist is
right? Each has a good argument for hi classilication, and each can find support for his argmlent  in
the Soil Taxonomy (1975) and in the Guy Smith Interviews (1986).

This story illustrates some of the problems with the current system of soil climate classilication in the
Soil Taxonomy. I think that the greatest problem associated with the use of soil moisture and
temperature regimes is the lack of documented concepts of the soil climate regimes. We don’t know
why we make the separations between regimes, i.e. the basis for separating soils because of clinmtc.
Do we want to separate soils based on genesis, management, arbitrary and artificial criteria, or what?
If we base our separations on management concepts, we need some uniform management scheme.
The vegetation native to drier areas is well adapted to using water when it is available, becoming
dormant when it is not. Crops, on the other hand cannot go dormant and hence die when water
becomes unavailable. There are areas whcrc  there is enough water for native vegetation to thrive and
provide plenty  of grazing for livestock and wildlife, but not enough for cropping. Do we house  our
classification on management for native spccics, i.e. grass on the prairies, t~ccs  in the forests, etc., UI on
management for crop species? This is not a trivial question. Separations of soil moisture and
temperature regimes based on forest  management might give usclcss  separations for grassland and
crop management. Management  for particular crops would pose  similar problems. Sepnratiuns  b;lsctl
on crop manngcmcnt  nnuld  h:nc  little applicability to forest and range  m:~n;~~cmcnt.  In addition.
deciding which crops to use  for basing scpararions  on might prove  to hc more of an cscrcisr:  in
international diplomacy than  a scicntilic  cndcavor.  It would seem  impossible  to set  up 2 cl.&lica&x~
scheme based  on management that would be useful for a large area. And a scheme based on soil
genesis, may be of little use in management. Native vegetation or domestic cropping practices should
he used  as clues to the local soil climate, but the concepts and definitions  of the soil moisture.  and
temperature regimes should not be based on the vegetation  of a small part of the world.

The present system  appears to hc based on some combination of genesis, management, intuition b;tscd
on cxpcricnce,  and arbitrariness. Smith (19%) indicates that the philosophy of John Stuart hlills was
closely adhered to, especially that the besr  classilication is the one that permits the largest number and
most important statements about the objects that are grouped. I would suggest that consistency  in the
kinds of statements made among the groups is also important. If there is no consistency than one ends
up with problems separating groups. However, regardless of the classification philosophy, the
overriding consideration in the development of the Soil Taxonomy apparently was to be careful not to
split any existing soil series. On page 27 of his interviews, Guy Smith stated “The temperature limits
were fated  by the necessity of avoiding the splitting of established series.” And again on page 32, “Many
of the complications of the definitions in Soil Taxonomy are due to the strong bias by the soil survey
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staff against changes in the definitions of soil series. And in an effort to avoid splitting the series, wc
have introduced what looked like inconsistencies in many places but really arc consistently in favor of
one reason, namely that we want to keep the soils together in the taxonomy if they really belong
together because of their genesis and their behavior.” This constraint results in complicated  and
somewhat arbitrary soil climate regime definitions.

Another factor resulting in more or less arbitrary definitions is the lack of soil climate paramctcr
measurements. According to Guy Smith (1986, p. 115-6) “We had predetermined the classification of
the soils on the Great Plains. We then lit the definition to this predetermined boundary, using
climatological data to do it. If we subsequently found that our definitions were in error, then we were
much more apt to change the definition than the classification, which was predetermined. We said we
want these. soils to be in aridic subgroups of ustic great groups, or in udic  subgroups of ustic great
groups, or typic subgroups of ustic great groups. This was based on a lot more experience with land
use than it was on the climatological data.” And on p. 112 (Guy Smith, 1986) “Not all soil climatic
regimes have been defined. The gap left between the definition of aridic, ustic and xeric soil moisture
regimes was deliberate. We have no information about these soils that enable us to develop that part
of the taxonomy and had we attempted to close that gap so that there would be a place for cvcry soil.
we feared that the pedologist might attempt to classify the soil by simply applying the definitions in Soil
Taxonomy. It must be remembered that classification involves not only the application of the rules to
see where the soil lits in Soil Taxonomy but equally importantly, it requires that the classitier study that
classilication to see whether that is appropriate.” Thus it appears that the soil climate delinitions in the
Soil Taxonomy are based largely on soil scientists intuition about the soils in the Great Plains region of
the United States of America, a relatively small part of the world.

Many of these intuitions arc a result of the training of soil scientists in the licld of soil gcncsis. On
page 32, Guy Smith (1986) states “._ we want to keep the soils together in the taxonomy if they really
belong together because of their genesis and their behavior.” Also on page 10 of the Soil Taxonomy “If
genesis is ignored in forming a taxonomy, the system will have reduced value to the soil survey.” Also
on page 10 of the Soil Taxonomy “Because we want to be able to make the most important statements
possible about the taxa,  those properties that arc important to plant growth and that result from or
influence soil genesis should be considered in the higher categories. Those that are important to plant
growth, but arc unrelated to genesis should be considered only for the Iowcst categories.”

In spite of the statcmcnts  quoted above, a case is made for interpretations being the governing f:~ctor
behind the definitions in the Soil Taxonomy. On page  10 of the Soil Taxonomy it is stated th:rt
“Interpretations arc predictions of the consequcnccs  of spccilic uses of soils, commonly in tcrmx ul
plant gro\rqh under  spccificd systems  of managcmcnt  but also in terms  of cngincering soil bchwior
after a given mnnipulntion. The grouping that helps us make the most prrcirc and most import;rnt
intcrprctations  is the best.  A twonomy  for the USC of the soil snrvcy must bc tcstcd by the nature 01
the interpretations that can bc nnrdr.  This taxonomy is dcsigncd to facilitate interpretations.  but the
interpretations themselves require at lcast one additional step or reasoning.  The intcrprctations may
also require information that is not available from the tnnonomy.” On page 50 of his intcrvicw. (in)
Smith rays “lnterprctations wcrc the major control in design of Soil Tawnomy,  the m;ijor crnrtrill at the
family level and the series.”

The lack of consistent  concepts for soil climntc regimes  hinders both the application of these regimes in
soil classilication and the moditication of the definitions of the regimes to simplify mcasurcmcnts  and
to group soils in new areas. Guy Smith (19%) indicates that we should bc more concerned with putting
things that belong together into a taxon, than following the rules that are set by the limits of Soil
Taxonomy. However, without concepts for the various regimes, it is diflicult to make consistent
groupings. This results in problems of joining soils across state lines and with other agencies.

Guy Smith was very deliberate in not providing specilic concepts for the various soil climate regimes.
On page 25 of his interviews, he states ‘I wry carefully tried to hide all of this stuff in Soil Taxonomy to
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force the people to examine the definitions to see how they grouped the soils. If I had given all the
background on all these questions then people, I feared, would pay more attention to the reasons  why
we did something than to what we said. Then they would be lesl inclined to examine the groupings of
soils that result from the definitions in Soil Taxonomy.” I suspect also that it would be difficult to put
the various reasonings behind the regimes into words, especially considering that the overriding
consideration apparently was to minimize splitting of soil series.

Problems involving classitication arc not unique to soil science. Classilicatian is a process basic to all
sciences. According to Trewartha  (1954) it consists of recognizing individuals having certain important
characteristics in common and of grouping these individuals into certain classes or types. By noting the
similarities behvcen numerous individuals, and then by recognizing these individuals as forming a class,
the many are reduced to one. Thereby simplicity and order are introduced into what at first may have
been a bewildering multiplicity of individuals. Classitication  thereby aids in establishing general truths
from numerous individual instances. Since the climate of any locality or region is composed of a great
variety of elements, it is nearly impossible for two places to have identical climates. It is this almost
limitless number of individual climates on the earth which requires a grouping into classes and types. It
should be noted that all classifications of climates are manmade and are not naively given. There is no
divine plan which is being sought. There can be a variety of ways of classifying earth climates, each of
which has merit. It follows that there are a number of good classifications of climate. There is no one
which is best, for some arc better for one purpose and some for another. They all have the same goal,
however, viz.. the reduction of innumerable locality climates to a relatively few groups or classes having
important characteristics in common.

The Koppcn classification of climate has been criticized by geographers from vxious points of view
(Trewartha.  1954). Many of these criticisms can be applied to the Soil Taxonomy. Some feel that the
dearth of meteorological observations for large par& of the world makes a climatic classitication wirh
rigid boundary criteria unsatisfactory. They point out that this too often leads to pronounced
discrepancies between climatic subdivisions and features of the natural and cultural landscapes. To
include as Koppcn does, the humid Puget Sound region with its splendid Douglas lir forests in the
same climatic type (Mediterranean, Cs) with central California obviously indicarcs a weakness in the
classification. Others have pointed out that, while some of the Koppen climatic boundaries have been
chosen with certain natural landscape fcntures  in mind, others  have been purely arbitrary choices. It
has been suggested also that Koppen has crrcd in applying to higher altitudes his formulas  derived ior
lowland climates.
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FIELD TRIP ITINERARY

Western Regional Cooperative Soil Survey Planning Conference

June 20, 1990 Fairbanks, Alaska

0800 Leave M-B-S Complex parking lot

0820 Stop #l - T-Field

Visit soil pits in spruce forest with permafrost and cleared field with
thermokarst-Joe Moore and Joe White

1000 Stop #2 - West Ridge

Temperature regimes of forested vs. cleared field--Dr. CL. Ping

1030 Stop #3 - Farmers Loop Road

Features associated with ground subsidence caused by thawing of ice-rich
permafrost--Drs.  Robert Speck and Nils Johansen

1200 Lunch at Stop #4

1230 Stop #4 - Permafrost Tunnel

and

Stop #5 - Trans-Alaska Pipeline

--Drs. Robert Speck and Nils Johausen

1500 Eielson Agricultural Project

Agricultural practices and conservation in the subarctic--Ann Rippy and Steve
Hemshrot

1730 Return to M-B-S Complex

tq 5

I
I
I
I
I
I
I
I
I
I
I
I

I

I
I

I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1

John E. Witty
Western Regional Soil Survey

Work Planning Conference
Fairbanks, AK

June 17-22, 1990

REVISIONS IN SOIL TAXONOMY

John E. Witty
National Leader, Soil Classification

INTRODUCTION

I really appreciate the invitation to attend the Western
Regional Soil Survey Work Planning Conference here in
Fairbanks. Attending these meetings is one of the best ways
to learn what is going on in the Western Region concerning
soil surveys, especially with regard to new ideas or ways of
doing things. Also my trips to Alaska have been among my
most enjoyable ones.

In this presentation I am going to give you a brief update
on soil classification and the Soil Survey Manual, with
emphasis on revisions in Soil Taxonomy. Last March I gave a
similar talk at the State Soil Scientists' Workshop in
Kansas City, so some of you will hear a partial repeat of
that talk. If you have any questions I will try to answer
them, and if you have any suggestions how we can better work
together to improve Soil Taxonomy, I would appreciate
receiving them.

SOIL CLASSIFICATION STAFF

I am stationed in Washington, DC, but will probably move to
Lincoln in the spring of 1991. The other soil
classification staff members, Richard Fenwick, Robert (Bob)
Engel, and Margaret Hitz, are stationed in Lincoln.
Richard's main responsibility has been to complete the Soil
Survey Manual. Bob has been working mainly on amendments;
he has also been assisting at workshops and has helped the
Quality Assurance Staff by participating in some field
reviews. Margaret is our new secretary, but she also
provides secretarial help to the Field Investigations Staff.
We have one 10active10 vacancy. I call it active because it
is scheduled to be filled this summer. We have some other
vacancies which may never be filled.

KEYS TO SOIL TAXONOMY

The 4th edition of Keys to Soil Taxonomy was published in
March, and you should all have your copies by now, except
maybe the Forest Service soil scientists. We mailed 5 l/2
boxes of Keys (225 copies) to Pete Avers, and they seemed to
have gotten lost in the mail even though my office and
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Pete's are only separated by 14th Street and about half a
mile of hallways!

We had originally planned to publish the Keys in 1989, but
because of delays the date had to be changed to 1990. YOU
are all probably aware by now that we have changed
publishers from Cornell University to Virginia Polytechnic
Institute & State University, Blacksburg, VA. I believe
many of our cooperators have received a complimentary copy.
Additional copies can be ordered from VPI. This year I
ordered 3,000 copies for SCS distribution, mainly
nationally, but also internationally. This his 500 more than
was ordered in 1987 and 1000 more than in 1985. It seems
that the states' mailing lists are getting bigger and
bigger. Anyhow, my current supply is nearly exhausted, but
we will try to fill requests for additional Keys to new
employees.

There are two major changes in the Keys this year: 1) a new
order, Andisols, is added; and 2) the keys to subgroups have
been converted to the same format as the keys to orders,
suborders, and great groups. These are the same changes
that are spelled out in Issue No. 13 of the National Soil
Taxonomy Handbook. Adding the new order and changing the
format of the keys to subgroups has made the new edition
approximately one third thicker.

National Soil Taxonomy Handbook Issue No. 13 was published
about the same time that the page proofs to the Keys were
being checked. During the process of page proofing the
Keys, a certain number of errors were found and corrected
and some editing was done. Consequently some of the errors
that you have found in Issue No. 13 have already been
corrected in the Keys. If you find any additional errors in
the Keys, I would appreciate it if you would let me know
about them. The Keys still require some editing, but in
many places the intent should be clearer now than in
previous editions. Before the next edition is published in
two years, I plan to have the Keys thoroughly edited - which
was never done with Soil Taxonomy before it was published in
1975.

DISPOSITION OF PROPOSED AMENDMENTS

Most of the proposals originating in the United States have
come from the NCSS membership. However, we have a big
problem in coming up with an efficient way to submit
proposals and to get them in a review process leading either
to their acceptance or rejection. It seems that our current
procedure results in a few proposals being lost or unduly
delayed, but with current staffing levels I do not know of a
better way.
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a,The following is a summary of the current procedure:

1. The originating State Soil Scientist forwards the
proposal to the Chair of his Regional Soil Taxonomy
Committee. The Chairs of these regional committees are
the heads of Soils Staffs at the National Technical
Centers.

2. The receiving Chair submits the proposal to his
committee members for review, with a request that they
approve or disapprove the proposal and document their
recommendations. Complimentary copies should also be
sent to the Chairs of the other Regional Soil Taxonomy
committees and to the National Leader for Soil
Classification.

3. The Chair summarizes the recommendations, notifies the
originating state concerning the recommendations, and
forwards the summary and recommendations to the National
Leader for Soil Classification.

4. The National Leader for Soil Classification forwards
the proposal to the other Chairs of the Regional Soil
Taxonomy Committees and the Chair of the Soil Science
Society of America's Soil Taxonomy Committee for their
review and recommendations, unless the first regional
committee had recommended that the proposal should not be
accepted and this recommendation is clearly justified.

5. After receiving the recommendations from the Soil
Taxonomy Committees, the National Leader for Soil
Classification follows up on these recommendations. The
originator will be notified if the proposal is not
approved. If it is approved, it will be published in the
National Soil Taxonomy Handbook.

These basic procedures are described in National Soil
Taxonomy Handbook Issue No. 3.

SOME CURRENT PROPOSALS UNDER CONSIDERATION

The following are some proposals that we are currently
working on:

1. The proposal to recognize a new diagnostic horizon,
the glossic horizon. This proposal resulted from
problems in applying the definition of tonguing..
Tonguing will probably be removed as a diagnostic
feature. This also requires modifications in the
definitions of the albic horizon and interfingering.



4

,,2 . Modifying the series control section. A major change
being considered is to extend the series control section
by starting at the surface rather than at 25 cm, and by
extending down to a depth of 1.5 m rather than 1 m if the
bottom of any diagnostic horizon is shallower than 1.5 m.
If a paralithic contact is within 1.5 m of the surface,
the series control section would extend 25 cm below the
contact or to 1.5 m, whichever is shallower. Other parts
of the definition will remain unchanged.

3. Redefining Ultisols to include frigid or colder soil
temperatures. This is a proposal coming from the State
of New York.

4. Adding new classes to keep the soils with continuous
permafrost separate from those with cyclic permafrost.
Soils with cyclic permafrost lose the permafrost in. the
upper part as a result of fires or clearing, but if these
soils are allowed to revert back to their natural
vegetation the permafrost returns within a period of 40
or more years. Whether or not soils have continuous
permafrost or are subject to cyclic permafrost has
considerable impact on their interpretations.

5. Making the use of SI units in Soil Taxonomy official.
We are currently using SI units in Soil Taxonomy, but an
amendment approving their use has never been prepared.

6. Modifying the definition of the cambic horizon to
allow a horizon that has all the properties of an oxic
horizon except thickness to be included as part of the
cambic horizon.

7. Subtracting out the contribution of organic matter
when estimating clay content on the basis of 2.5 or 3.0
times 15-bar water content.

8. Requiring Albolls to have evidence of wetness in
addition to chroma of 2 or less.

9. Recognizing subgroups of Troporthods for use in
Oregon.

10. Deleting the oxidic mineralogy class.

11. Clarifying the definition of kandic horizon. There
seems to be confusion concerning whether the top of the
kandic horizon is dependent on a clay'increase only or
whether there has to be a clay increase coinciding with
low CEC. The clay increase defines the top of a kandic
horizon. The horizon has to have low CEC, but not
necessarily at the top,
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12. Allowing the sharp increase in clay in Paleargids to
be within the argillic horizon rather than only between
the eluvial and the illuvial horizon.

Concerning the International committees, we hope to finalize
the Vertisol proposal this year. I received the
International committee on Vertisols' recommendations early
last winter, but there were still a few loose ends. I
prepared a new draft and returned it to Juan Comerma, Chair
of ICOMERT, for his comments, but I have not heard back from
him yet. We are also planning to send the draft out one
more time for a quick review by a dozen or so people before
I prepare the final amendment to Soil Taxonomy. I hope it
will be finalized this fall or winter.

Other very active International Soil Classification
Committees are those on Aquic Soil Moisture Regimes, on
Aridisols, on Spodosols, and on Soil Moisture and
Temperature Regimes. We hope to wrap up their proposals
within the next 1 If2 to 2 If2 years. Their status is as
follows:

1. Aquic Soil Moisture Regimes.--We are holding a
workshop on wet soils in Louisiana and Texas during the
two weeks before the annual ASA meetings in October.
Johan Bouma, Chair of ICOMAQ, hopes to be able to prepare
his final recommendations to SCS after this workshop, so
we believe it will be a very important meeting concerning
our decisions for classifying wet soils. I am currently
preparing draft keys based on Dr. Bourna's preliminary
recommendations for testing at the workshop. Some of the
proposed changes would:

a. Drop the term aquic moisture regime and substitute
aquic conditions. Aquic conditions would require
saturation, reduction, and morphological or chemical
evidence of wetness.

b. Substitute the term redoxomorphic features for the
term mottles in essentially all places where mottles
are now mentioned in Soil Taxonomy.

c. Recognize either an endoaquic (groundwater table)
or an epiaquic (perched watertable) great group for
each of the aquic suborders, and develop appropriate
subgroups for each of the new great groups.

d. Recognize oxyaguic subgroups. These subgroups
would include soils that have a watertable but no
evidence of reduction. They have generally been
excluded from aquic subgroups because they do not have
"mottles with chroma of 2 or less*t within the
specified depths even though there is a watertable.

j5”
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2. Aridisols .--Aridisols have received a lot of attention
at soil classification workshops, but it has been very
difficult to develop a final proposal for revising their
classification. Based on the recommendations that
resulted from our Cold Aridisol tour in August, 1989, Joe
Nichols is working on a new draft. After the Vertisol
proposal is approved, I plan on concentrating on the
Aridisol proposal to see if we can finalize it

3. Spodosols. --Refer to Bob Rourke's presentation, this
conference.

4. Soil Moisture and Temperature Regimes.--Refer to Ron
Paetzold's presentation, this conference. The
International Committee on Soil Moisture and Temperature
Regimes was recently reactivated and Ron accepted the
leadership for this committee. He has published one
circular letter with a lot of questions and suggestions.
I believe we will see considerable progress with this
committee in the near future.

One other committee is the International Committee of Soil
Families (ICOMFAM) with Ben Hajek as Chair. So far we have
not had very much activity by this committee, but I believe
there is room for considerable improvement in Soil Taxonomy
at the family level. For example, we need to review all the
criteria and decide what new criteria should be added and
what old criteria deleted or changed. Another question is:
Should we leave the family criteria all in one chapter or
tailor them to each individiual order and list separate sets
of family criteria at the end of each order chapter,
following the keys to subgroups?

SOIL SURVEY MANUAL

Richard Fenwick has kept very busy getting the Soil Survey
Manual ready for printing. He submitted the manuscript to
our publication staff in Washington at the end of May. I
believe they will give it one more quick editorial check;
then it will be submitted for departmental approval. I do
not know how vigorous a review it will receive there, but
after we have departmental approval it will be ready for
design layout and then printing. It is my understanding
that the design work requires 4 or 5 months, so printing
will not begin until late fall or early winter.

In 1970 Dr. Marlin Cline prepared a draft outline for the
revised Soil Survey Manual. I believe the intent was to
have it ready for republication within 3 or 4 years, but
those 3 to 4 years have stretched 'into twenty. During most
of those 20 years somebody has been assigned to vork on the
manual as a major part of his job. When I think back on the
history of this revision, I believe the fifth draft was
about 95% ready for publication in 1975. A decision was
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made, however, not to publish the
it extensively. It then rapidly
about 50% ready, and it has taken__ . .

fifth draft,
dropped back
a tremendous

but to revise
to being
effort to

pull it DacK up, among other reasons because it has been
very difficult to satisfy the reviewers. I have often
thought that we would have been better off if the fifth
draft had been published; but on the other hand we will now
end up with a much better manual than the fifth draft was.
We have learned a lot since 1975, and this new knowledge is
incorporated in the manual. Obviously we will never stop
learning, so the Soil Survey Manual will always be somewhat
out of date, but I do believe it will be a valuable
reference work and even a valuable textbook.

7

FUTURE PLANS FOR SOIL TAXONOMY

Sometime in the future I believe there will be considerable
demand for republishing Soil Taxonomy and eventually
computerizing it, so that the computer will classify the
soil when the necessary data are fed into it.

So far when I have been asked when Soil Taxonomy will be
republished, I have given a date of 1995. The reason for
picking this date is that I believe most of the
international committees will have finished their work by
then so that their recommendations can be incorporated in
the new edition. Publishing before their work is completed
would be impractical.

For the past several years the staffing level on the Soil
Classification Staff has only allowed us to maintain or
slowly improve Soil Taxonomy. With the completion of the
Soil Survey Manual and with our vacancy filled, I believe we
will be able to start revising the definitions of the
diagnostic horizons and properties in preparation for the
republication of Soil Taxonomy. This will improve the
chances for publishing the new edition in 1995.

Before Soil Taxonomy is computerized we will have to have a
considerable amount of assistance from the Soils Database
Staff.
job.

Currently their work load is too heavy to begin this
Another possibility is for someone to determine the

procedures for computerizing Soil Taxonomy as a thesis
project for an advanced degree.

Thank you.
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Use Dependent Temporal Soil Properties

R.B. Grossmana

The subject is very broad. The writer has chosen to consider only aspects
on which he has worked. This leaves out subjects of much more importance
than those considered. An example is the Water Erosion Prediction Project
(WEPP).

We are deficient in information about agronomic-related properties such as
infiltration rate and measured root abundance. Most of these properties are
“se dependent and temporal. If we are to establish a data base, there is
need for norms of measurement and generalization.

We present several descriptive features from the New Soil Survey Manual.
These features are strongly influenced by soil use and commonly would be
expected to change through the year.

New Soil Survey Manual

MQrohplQgi&  Features and Desc*:

Str”ct”r&l  Uni t . “This is used for any repetitive soil body commonly
bounded by planes or zones of weakness that is not an apparent consequence
of compositional differences. A structural “nit that is the consequence of
soil development is called a ped . . . Earthy ti and fraPmeats  stand in
contrast to peds. For both, soil forming processes exert weak or no control
on the boundaries. Clods exhibit some rearrangement, through mechanical
means, of primary particles to a denser configuration, at least adjacent to
the surface of the body. The shape, grade and size of clods should be
described using the same terms interchangeably. There is the further
implication of a size sufficient to reduce the favorableness of the tilth.
The distinction between clods and fragments rests on the degree of
consolidation by mechanical means. Soil fragments include (1) “nits of
undisturbed soil with bounding planes of weakness that are formed on drying
without application of external force and which do not appear to have
predetermined bounding planes, (2) units of soil disturbed by mechanical
means but without significance rearrangement to a denser configuration, and
(3) pieces of soil bounded by planes of weakness caused by pressure exerted
during examination, with size and shape highly dependent on the manner of
manipulation.”

&&an&sJly~ul!w~~D!. “The subsone has undergone a reduction in bulk
density through mechanical manipulation and an increase in discreteness of
structural units, if present. Usually the mechanical manipulation is the
consequence of tillage  operations. Rupture resistance of the mass overall,
inclusive of a number of structural units, is b&s, or very friable, and
occasionally &&at&. Individual structural units may be tiiable or

a7 Soil Scientist, Soil Survey Laboratory, National Soil Survey Center,
Federal Building, Room 345, 100 Centennial Mall North, Lincoln, Nebraska
68508-3866,  FTS 541-5363; Commercial 402-437-5363
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even L&J. Mechanical continuity among structural units is low. structure
grade, if the soil material exhibits structural ““its < 20 sun across, is
moderate or strong. Strain that results from contraction on drying of
individual structural units may not extend among structural units. Hence,
internally initiated desiccation cracks may be weak or absent eve” though
the consolidated soil material has considerable potential extensibility.
Cracks may be present, however, if they are initiated deeper in the soil.”

Eechanicallv  Compacted Subzone. “The subzone has been subject to
compaction, usually in tillege operations but possibly by animals.
Commonly.  mechanical continuity of the fabric and bulk density is
increased. Rupture resistance depends on texture and degree of compaction,
with friable usually the minimum class. Mechanical continuity of the fabric
permits propagation of strain that results on drying over several
centimeters. Internally initiated cracks appear if the soil material has
appreciable extensibility and drying has been sufficient. I” some soils
this subzone restricts root elongation. The suffix d may be used if
compaction results in a strong plow pan.”

W&zXuapartsd&&un~. “The subzone has been compacted by repetitive
large changes in water state without mechanical load except for the weight
of the soil. Repetitive occurrence of free water is particularly conducive
to compaction. Depending on texture, moist rupture resistance ranges from
verv friable through fire. Structural units, if present, are less discrete
than for the same soil material if mechanically bulked. Usually structure
would be weak or the condition would be massive. Mechanical continuity of
the fabric is sufficient that strain which originates on drying propagates
appreciable distances. As a consequence, if extensibility is sufficient,
cracks develop on drying. In many soils over time, the water compacted
subzone replaces the mechanically bulked subzone. The replacement can occur
in a single year if the subzone is subject to periodic occurrence of free
water with intervening periods when slinbtlv  moist or &y. The presence of
water compacted subzone and the absence of the mechanically bulked subzone
is an important consequence of no-till farming systems.”

S_uti..icial  Bulked Subzone. “The subzone occurs in the very “ear surface.
Continuity of the fabric is low. Cracks are not initiated in this subzone,
although they may be present if initiated in underlying more compacted
so i l . The subzone is formed be various processes. Frost action under
conditions where the soil is drier than ti is a mechanism. Wetting and
drying of soil material with high extensibility is another origin; certain
Vertisols are illustrative.”

CP.!st. “A surficial subzone, usually less than 5 cm thick, that exhibits
markedly more mechanical continuity of the soil fabric than the zone
immediately beneath. Commonly, the original soil fabric has been
reconstituted by water action and the original structure has been replaced
by a massive condition. Raindrop impact, freeze-thaw cycles and water
sorting or movement while the material is wet are mechanisms leading to
recons t i tu t i on .  w,~and fbaw-relatti  crust are recognized.”

.&tra-Struc~uralCracks. “The cracks to be discussed are the result of
localized stress release to form planar voids that are wider than the
repetitive planar voids between structural units or which occur in massive
or weakly structured material at relatively wide intervals . . . .
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Four kinds of extra-structural cracks may be recognized:”

II face _’ ‘tI~I iated  reversm cracks form as a result of drying from the
surface downward. They close after relatively slight surficial wetting and
have little influence on ponded infiltration rates.”

“Surfatinj&Lated  irreversible cracks form in the near-surface on water
reduction from exceptionally high water content related to freeze-thaw
action and other processes. The cracks do not close completely when rewet,
and extend through the crust formed by frost action. They act to increase
ponded inf i l trat ion rates .”

d rev- cracks form on appreciable reduction in
water content from /field capacity’ in horizons or layers with considerable
extensibi l i ty . They close in a matter of days if the horizon is brought to
ELQ&L&&  mti or wetter. They extend upward to the soil surface unless
an overlying horizon is very weakly compacted (loose or very friable) and
does not permit the propagation of cracks . . . Such cracks importantly
influence ponded  infiltration rates and evaporation directly from the soil.”

“S&s_u&ace-ini&&&_i~ cracks are the ‘permanent’ cracks of the
USDA soil taxonomy system . . . .”

Field Water  State Class. Table 1 is a set of classes of field water state.
Tactile and visual tests are employed for implementation of the water state
classes. In one test a ball is formed in the hands and dropped
progressively greater distances onto a nonresilient hard surface. Height at
which rupture occurs and manner of failure are recorded. Additionally, the
maximum length of a rod or of a ribbon of specified size may be determined.
Color value change from air dryness also may be useful for some soils. A
field office procedure for preparation of reference soil material at
standard water states has been developed that uses nylon oven cooking bags.
These bags pass 1 to 10 g of water vapor per hour depending on temperature
and air movement. Soil at a known water content greater than that desired
is dried in the bags to a predetermined weight, which is indicative of a
water content that is a water state class limit. Determination of the
suction for a particular field water content employs a water desorption
curve for the soil material. Computation of such curves is described by
Baumer and Brasher (1982) and Baumer and Rice (1988). The most accurate
computation requires particle size, clod bulk density (moist and dry), water
retentions at 15 bar and at the suction used to estimate field capacity (l/3
or l/10 bar usually), organic carbon (as organic matter), and the ratio to
clay of cation exchange capacity at pH 7 by ammonium acetate. Methods are
in Soil Survey Staff (1984). An approximate curve can be obtained using
only the information on standard interpretative records.

WaferSt&!L&n~~exn. This is a description of the field soil water
over the year as applied to horizons. layers, or to standard depth zones
using the classes of internal water states and of inundation. The
description must be for a specific use of the soil. Table 2 is illustrative.

In f i l t ra t i on . “Three stages of infiltration may be recognized-- preponded,
transient ponded, and steady ponded. w infiLrration  pertains to
downward water entry into the soil under conditions that free water is



absent on the land surface. The rate of water addition determines the rate
of water entry . . . . ”

“Infiltration under conditions where free water is present on the ground
surface is referred to as ponded infiltration. In the initial stages of
ponded inf i l tration, the rate of water entry usually decreases appreciably
with time due both to the deeper wetting of the soil and a consequent
reduced suction gradient and to closing of cracks and other
surface-connected macropores. Trensienr ~zx&d infiltration is the stage in
which the ponded  infiltration decreases markedly with time. After long
continued wetting under ponded  conditions, the rate of infiltration
decreases to a fairly steady rate. This stage is referred to as &&y
gc&.& i n f i l t r a t i o n  . . . . ”

ihed!xxU&~Qf. “The concept indicates relative runoff for
very specific conditions. The soil surface is assumed to be bare and
surface water retention due to irregularities in the ground surface is low.
Steady ponded infiltration rate is the applicable infiltration stage. Ice
is assumed to be absent unless otherwise indicated. Finally, both the
maximum bulk density in the upper 25 cm and the bulk density of the
uppermost few centimeters are assumed within the limits specified for the
mapping concept .‘I

“The concept assumes a standard storm or amount of water addition from
snowmelt  of 50 mm in a 24-hour  period with no more than 25 mm in any single
l-hour period. Additionally, a standardized antecedent water state
condition prior to the water addition is assumed: the soil is conceived to
be vm w or m to the base of the soil, to l/2 m. or through the
horizon or layer with minimum saturated hydraulic conductivity within 1 m,
whichever is the greatest depth. If the minimum saturated hydraulic
conductivity of the soil occurs below 1 m. it is disregarded and the minimum
to and including 1 m is employed. For soils with seasonal shallow or m
shal~low free water, xe= ~.Q_w saturated hydraulic conductivity is assumed in
the  app l i ca t i on  o f  the  gu ide l ines  . . . . ”

“Class placement (table 3) depends only on slope and on saturated hydraulic
conductivity.”

Consistence:

!Lu&xre  Resiataxxx  o f  Eq!&j&ensional  Soecimxns. Specimens are 25-30 mm on
edge and crudely equidimensional. Field evaluation involves using the
fingers and the feet to make placements in tactile classes that would be
part of the soil scientists set of skills. A bathroom scale may be used and
the pressure applied with a foot. If the specimen cannot be ruptured with
the full body weight, impact energy is applied. Usually progressively
greater amounts of impact energy are delivered to the same specimen until
rupture occurs. A hammer with a flat end may be employed. The rupture
resistance classes may be applied to soil material that has been air-denied
and then inundated. This is one cementation test. Table 4 contains the
classes.

D.rY_CCrusLx!Gl&xGQn. Both thickness (in millimeters) and rupture
resistance are evaluated. The
thickness of the reconstituted
soil is not included. Table 5

thickness of the crust is taken as the
zone  only. Adhering weakly reconstituted
gives the classes of rupture resistance. The
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specimen is rectangular, 1 to 1 l/2 cm on edge (along in-place horizontal
axes) and l/2 cm thick. The thickness of the specimen may be inclusive of
adhering noncrusted zone material if the reconstituted zone is less than
l/2 cm thick. Specimens are crushed between thumb and forefinger along an
in place horizontal axis. Evaluation commonly would be done in the field
“sing a tactile sense of the classes. A top loading balance may be used to
evaluate the force applied. A bar 5 mm wide is placed on the balance to
simulate the crust specimen. The specimen is crushed between the forefinger
and thumb of one hand while simultaneously applying the same apparent
pressure to the balance with the forefinger of the other hand through the
5 mm bar. The balance is read when the crushed specimen ruptures. Direct
measurement by pressing down on the specimen as it rests on the balance is
an alternative. If used, it should be indicated. Values tend to be lower
because the contact area between the specimen and the balance may be low.
If the specimens cannot be broken in the hand. the force necessary to
rupture may be measured with a penetrometer.

P~enetratin..&eRsie. The standard field test for penetration resistance
involves insertion of a flat end rod a distance of 6.35 mm (l/4 inch) in
about 1 second (Bradford, 1986). Commonly the pocket penetrometer is used.
The “Geotester”  is an alternative. Usually, the diameter of the rod is
6.35 mm. but other diameters may be used. 30’ cones with 1.3 cm2 and
3.2 crn2 bases may be used and a 20” cone inserted 10 mm is under
examination for pieces of soil. For class placement, measurements for all
tips should be adjusted to the expected measured strength for the standard
determination using the flat-end rod as described previously. The water
state should be specified; this usually requires water contents.
Orientation should be indicated and the weight of the penetrometer treated
as a surcharge if insertion is vertical. The set of classes in table 6 has
been proposed. Five or more determinations should be made 5 cm or more
apart. Median or average values with a standard deviation should be
reported. A value of 1 MPa is about where initial root restriction may be
expected. Restriction should be quite pronounced at 2 MPa unless the
macroscopic organization facilitates root ramiEication.

Use Dependent Temporal Soil Property Records

The writer has assisted a group in west Texas in the development of a
property record for use-dependent quantities. Fred B. Pringle, Soil
Scientist, Amarillo, Texas, has been the principal architect. The record is
an outgrowth of the water management teams which were established in the
Texas High Plains about 10 years ago. To organize the information obtained
by these water management teams it was necessary to consider the operations
that control the expression of the tillage  pan. Table 7 is an example of a
current record. It is computerized through the efforts of James
Featherston, Economist, SCS, Temple, Texas.

The record is for a map “nit or a component of a map unit with constraints
specifying permanent alterations such as terraces, the calendar year “se and
cropping sequence or rotation, and the water regime. For the example, the
water regime involves irrigation and the “se of furrow diking. The field
operations by month are given (see back side), and from these operations
bulk densities are assigned to the tillage  zone. The upper tillage  zone is
the part subject to bulking; the lower tillage  zone is subject to compaction



I
except for occasional deep loosening operations. The final infiltration
rate is dependent on the bulk density and crust expression. In turn, the I
hydrologic group changes with the final infiltration rate, in this case
ranging from A to C. The runoff curve number is related to the bulk density
through its dependence on the hydrologic group. Anticipated yields are
based on local predictive relationships that are largely determined by the I

pattern of soil water state. Deep drainage loss is based on water balance
computations. The economic analyses (back side) includes only the direct
costs ; interest and other costs for usa of the land are not included. I

Several years ago the writer developed a soil property record for winter
wheat, conventional tillage, for Sharpsburg silty clay loam, 2-5 percent
slopes, a map unit in the Lancaster County, Nebraska, soil survey. A

I

portion of the record forms table 8. The identification number has 5 parts:
the first is the position in the list, the second gives the position or
subzone to which the information applies; the third describes the feature or I
observation: the fourth gives the orientation and/or location; and the fifth
the water state history as it pertains to the growing season.

I
The first two entries differ in the water state of the near surface.
Discing while dry produces larger clods and resultingly higher roughness in
the period immediately after harvest, usually in July. I

The record also contains a means to record characteristics that occur for
short periods at an indefinite time. The characteristic is a fluid
condition in the near surface during thaw. The entry “fluid 2307,” says I
that for 7 days during February and March, the mechanically bulked subzone
is  f luid.

I

Use Invariant Bulk Densities for Ap Horizons

I

The Ap horizon by definition is subject to change in physical organization
in response to human activities. For many soils these changes occur yearly
in response to tillage. Bulk density in particular may exhibit large I
changes. The interpretive soil property record cannot satisfactorily
encompass bulk density and other characteristics of the Ap horizon which are
strongly influenced by physical organization. The reason is that the
interpretive soil property record is use invariant.

I
The values in the

record pertain to phases of map units with no consideration of change due to
soil use. This is not a criticism. It follows necessarily from the fact
that soil use is not a mapping criterion. To meet the situation, a proposal I

is under study to supply bulk densities that are strongly use and time
invariant.

I
Table 9 contains the values obtained to date for the cultivated sites of the
Water Erosion Prediction Project (WEPP). The table contains two kinds of
bulk densities. One is for ~2 mm that has been wetted by capillarity
against low suction and desorbed against l/3 (or l/10) bar. The other is

I

for t2 son that after wetting by cepillarity is inundated, air dried and then
re-wet by capillarity before desorption  to l/3 (or l/10) bar. The bulk
density after oven drying is determined on the sample that has been I
inundated. From the change in bulk density on oven drying a linear
extensibility is computed.

I
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In addition, the Proctor density would be measured or estimated. The
Proctor density is widely used in soil mechanics. The soil material is
subjected to a standard impact energy over a range in soil water contents.
Usually the bulk density measured has a maximum bulk density, which is the
Proctor density. Presently the Soil Mechanics Laboratories of the SCS have
agreed to run 200 Proctor densities on an exploratory basis.

The two reconstituted bulk densities, and the Proctor density are run on
~2 mn soil material that has been prepared in standard fashion. The
measurements should be strongly use invariant. They are therefore suitable
measurements conceptually for the interpretive soil property record. The
expectation is that these bulk densities would be employed in models to
predict the actual bulk density. The models would introduce the volume
percent and bulk density of clods obtained from the mechanically compacted
subsone. Further, the increase in bulk density on inundation may be useful
for model prediction of compaction by precipitation. Additionally the
extensibility may help predict whether the near surface sane would be
granular or crusted during the wind erosion season. Finally, the Proctor
density may be useful in prediction of bulk density of the mechanically
compacted subzone from knowledge of the mechanical pressure and the water
state while subjected to mechanical action.

Rock Fragments and Erosional K

Rock fragments may be incorporated in K and hence be use invariant or be in
the C factor of USLE and be use dependent.

The rock fragment area1 percent on the ground surface is potentially very
sensitive to soil use. Concentration of rock fragments on the ground
surface is susceptible to reduction by tillage or the trampling of animals.
Relatedly, lag accumulation on the ground surface is dependent on the amount
of consolidation plus erosion since the last tillage. The adjustment
downward of erosion estimates due to the presence of rock fragments at the
soil surface in USLE (or RUSLE) should be treated as a use-dependent
phenomenon, Therefore, the rock fragments should be in C and the K employed
in USLE or RUSLE should be for the fine earth.

The volume percent rock fragments from the interpretive soil property record
may be employed to compute a K adjusted down for the volume of rock
fragments if the purpose is to compare soils on an index basis independent
of soil use. This has been done for the Food Security Act. Figure 1 shows
the computation. Set the quotient of erosional K inclusive of rock
fragments over K for the fine earth equal to the soil-loss ratio. Next,
solve for erosional K inclusive of rock fragments. Finally, calculate K
inclusive of rock fragments from the value of K for the fine earth (0.40 in
the example) and the soil-loss ratio as computed from the volume of >2 mm
(60 percent).

It may be helpful to describe an hypothetical experiment for’the  reduction
in K due to the presence of rock fragments. One starts with an horizon from
which all the macroscopic vegetal material has been removed. The horizon is
t i l l ed . One may assume that the volume of rock fragments equals that
computed from the weight percentages in the property record using for the
assumed computation the bulk density isnnediately after tillage. Immediately
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prior to the artificial rainfall and for a short time after initiation, the
area1 percentage of rock fragments on the ground surface (the mulch) and the
volume percentage in the horizon should be the same. As the experiment
proceeds, the rock fragment cover on the ground surface increases to where
it considerably exceeds that computed from the rock fragment volume. At
this later stage the computation of erosion should involve the rock fragment
mulch in C and the use of K for the fine earth.

The increase in rock fragments depends on the decrease in thickness of the
surface horizon. This decrease is the result of water compaction plus
truncation. Hopefully, the difference between the capillary rise and
inundation bulk densities, as discussed in the previous section, may be used
to estimate water compaction. The increase in rock fragment mulch per unit
decrease in surface horizon thickness is greater if the-rock fragments are
small. A procedure has been written for the increase in mineral mulch as
truncation proceeds using the information on the soil property record. The
approach raises the increase in the amount of cover by rock fragments for a
given truncation as the diameter of the rock fragments decrease in size.

Clod Bulk Density at Intermediate Water Content

Clod bulk densities at a water content near field capacity and at oven
dryness are available for thousands of pedons. From these bulk densities
the linear extensibility from field capacity to complete dryness may be
computed. The bulk density of clods at water contents intermediate between
l/3 (or l/10) bar retention and over dryness may be computed. and from this
intermediate bulk density an intermediate linear extensibility and related
crack space may be calculated. The computation assumes a linear increase in
bulk density with decreasing water content between l/3 (or l/10)  bar water
retention and a lower water content. Below this lower water content it is
assumed that the bulk density does not increase. This lower water content
is a decreasing fraction of the 15 bar retention as the linear extensibility
r ises . Figure 1 shows the assumed relationship.

The equation describing the assumed relationship follows.

D b i  = Dbf + lDbd - Dbf) &i - FxWl5)
Wf - FxW15

Where,
Dbi = clod bulk density at intermediate water content

Dbf = clod bulk density at l/3 or l/10 bar

Dbd = dry clod bulk density

Wi = the water content
dryness

intermediate between field capacity and complete

Wf = gravimetric water content at 33 or 10 kPa bar retention
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W15 = gravimetric  15 bar,  water retention

F = i s  a  factor  that  changes  with  the  coe f f i c ient  o f  l inear  extens ib i l i ty :

CQLE _E_
to.06 0 . 6
0 .06  - 0 .09 0 . 5
0 .09  - 0 .12 0 . 4
10.12 0 . 3

From the bulk density at intermediate water content, Dbi, an intermediate
extensibility may be calculated:

COLEi  = (ml/3 - 1 )  (Cmi)
Dbf

Where Cmi is the volume fraction of  f ine earth fabric at the intermediate
water content and Dbi and Dbf are as defined previously.

A related quantity is the percent cracks at the intermediate water content:

CSPi  = 1 0 0  (&&lj3 - Dbf)  (Cmi)
Dbi Dbi

It is assumed that the field water content could be modelled  f rom
precipitation and evapotranspiration on a continuing basis.  From the
standard bulk densities at l/3 or l/10 bar and at over dryness the
intermediate bulk density may be computed for the model-determined water
contents . If  root restriction can be predicted for the intermediate bulk
densi ty . then the hydrologic model would be predictive of  root
ramif  ication. For some soils with high extensibility clod bulk density
exceeds that expected to be root l imiting at water contents above the I5 bar
retent ion . This would suggest that the roots would be restricted to planar
macropores before the 15 bar retention is reached.

Intermediate bulk density could be used to predict surface connected cracks
from the water content as determined by a hydrologic model. From
intermediate  c lod  bulk  dens i ty  e i ther  l inear  extens ib i l i ty  or  crack
percentage may be computed as discussed previously. Both quantities depend
strongly on the physical organization for horizons that are subject to
tillage. If the near surface subzone  is mechanically bulked, the
extensibility and crack expression would be far less than if  compacted. The
adjustment for physical organization is not considered here. For surface
connected cracks,  greater weight must be given horizons at shallow depth. A
possible approach is to divide the soil  into 10 cm subzones. The relative
potential  for surface connected cracks would be estimated by computation of
a weighted average COLEi  or crack space percent for a 50 cm zone. The
uppermost 10 cm would be weighted five, the 10 to 20 cm zone, four; the 20
to 30 cm zone, three; the 30 to 40 cm zone. two; and the 40 to 50 cm zone,
unity .

The closing of the cracks on wetting would occur over several days.
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Other Measurements

Several measurements follow which pertain to use dependent properties. More
detailed information may be attained from the writer.

Aggzxgate  Size Distributjsn. The determination is made on relatively loose
near-surface soil which is air dried and passed through a nest of sieves
using a vigorous hand rocking motion. To the extent feasible, the specimen
is subject to 100 oscillations in 1 minute in a 20 cm diameter sieve. The
weight of soil material in a sieve is kept to less than 500 g. Commonly
sieves with the following screens are used (in nun): 75, 20, 5, 2, 1, 0.8.
0.5, and 0.25.

Aaregate  Stability. A wet sieve retention test may be employed: The sieve
is 12.7 cm (5 inch) diameter and has 0.5 mm mesh. Place 3 g of the airdry
2-l tmn  material uniformly in a sieve that is submerged in about 500 ml of
distilled water. The l-O.5 mm may be used in place of the 2-l mm. The mesh
should be 2 cm below the top of the water. Let stand overnight. Raise and
lower the sieve 20 times in 40 seconds. On the upward stroke the sieve
should drain but not be raised far enough that air enters beneath. After
the wet sieving, the sieve and contents is dried and the weight retained
determined. Provision should be made to retain soil that drops through the
screen on air drying. If discrete 2-0.5 mm grains are present, a dispersing
treatment is employed. The measurement is not considered valid if half or
more of the sample after dispersion consists of mineral material that does
not pass 0.5 mm.

Reconstitution on submergence is a qualitative morphological test. The soil
is placed in classes determined by the reconstitution of the air dry soil on
rapid submergence in distilled water. Cells 25 mm diameter are constructed
that have 0.5 mm screen in the base. About 6 ml of air dry 2-l mm material
i,s placed in the cell. The soil is inundated by lowering the cell rapidly
into 40 ml of distilled water held in a beaker. The cell is allowed to
stand in the beaker overnight after which it is removed, drained, and the
specimen air dried in place at room temperature. The air dry soil is then
placed in monphological  classes:

Bu!l_k_&nsitvMeasurmat  bv Excw&&n. The compliant cavity method is used
for soil zones which are too thin or are insufficiently consolidated to
obtain clods. A compliant cavity is made by placing a ring of resilient
foam plastic on the ground surface. This compliant ring is covered by a
rigid ring 13 cm inside diameter which is mounted on the ground surface by
driving threaded rods into the ground through holes in the ring and then
tightening down the ring with wing nuts. The cavity is lined with l/2 mil
plastic film and a bar with a hook gauge attached is placed across the
cavity. Water is placed in the cavity up to the tip of the hook gauge. The
volume of water is a measure of the cavity volume prior to excavation. The
soil is then excavated to the desired depth and the volume of water
necessary to fill the resulting cavity to the tip of the hook gauge is again
determined. The increase in volume of the water measures the excavation
volume. The oven dry weight of the soil excavated is determined, a
correction is made for weight and volume of >2 mm in the sample if
necessary, and the bulk density is computed. The weight of macroscopic
vegetal material per 100 cc may be reported.
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An alternative in the rigid frame method. Rings 25-30 cm diameter and
lo-15 cm high are placed on the ground surface or inserted in the soil. Two
small cylinders are mounted on the rings. A bar with a hook gauge with two
holes is mounted on the ring. Excavation is carried out, as described for
the compliant cavity method. The area of the excavation is obtained by
tracing the periphery on a clear plastic overlay.

The percent clods in the sample that withstands a standardized sieving
operation may be measured. From this percentage, the bulk density of the
subfabric for the soil material smaller than the lower limit of the clod
size may be calculated. Additionally, the weight percent clods in a sample
large enough to obtain a reasonable estimate of the larger clods may be
obtained. From this percentage the bulk density inclusive of the larger
clods may be computed.

Equations follow for the computation of the subfabric and whole fabric bulk
densities:

S&fabric Whole fabric

100 - w> 100
KK! - !& &+I&
Dbu Db, Db> Db<

W> and WC are the weight percentages greater than and less than 5 or 2 mm.
Db> and Db< are the parallel bulk densities. Dbu is the measured bulk
density.

C?XX. Point count or line intercept measurements are made (Hartwig and
Laflen,  1978). The total transect length should be 50-100 times the
90 percent diameter, defined as the upper size limit that accounts for
90 percent of the total area of the surface cover features. Three
measurement tapes are used: a 90-m tape with 30-cm intervals; a 30-m tape
with 15-cm  intervals, and a 2-m retractable ruler with l-cm intervals and
marks at 1 mm. Larger features that require longer transect lengths by the
above guidelines are excluded from shorter transect measurements and the”
added back by computation to obtain the total cover.

The ground surface may be divided into components that differ in cover.
Examples of components would be withi” the drip line of trees, withi” the
drip line of shrubs and outside that of trees , and outside of the drip line
of either trees or shrubs. Canopy effectiveness should be estimated. Rock
fragment size distribution may be evaluated. The cover characteristics for
the components may be used to compute soil-loss ratios of the Universal Soil
Loss Equation for each component as well as a weighted average soil-loss
ratio for the area overall. An integrated color value may be computed for
the ground surface components and for the area as a whole.

_GnezDim&n~&~~  Rough-s. The measurement pertains to a line and
vegetation is usually either excluded or restricted to dense crowns that
would deflect flowing water. Slotted rods are fabricated by welding two
sections of shelf standard together laterally to form an open rectangular
tube. The slotted rods are leveled. Distance to the ground surface is
measured at regular intervals by dropping a piece of retractable ruler
through the slots. A guide is used to keep the piece of retractable ruler
normal to the slotted rod. The distances to the ground are corrected for



slope of  the ground surface along the l ine. The standard deviation after
connect ion  at  the  s lope  i s  ca lcu lated . The number of stations is kept
constant at 31. Distance between the stations is 5, 10 or 15 cm depending
upon the scale of  the features that determine the surface irregularity. The
direction of  measurement relative to overland water f low and local features
contro l l ing  th is  f l ow should  be  spec i f ied .

Soil Vegetal  Material.  The main purpose is to measure the weight
of macroscopic vegetal material  in the O-3 and possibly 3-10 cm zones after
removal of  attached above ground vegetation and litter. A second purpose is
to measure the area1 percent of attached crowns and stems. A measurement
area at least about 10 cm wide and 1 m long is selected. L i t t e r  i s  c l o s e l y
clipped and removed from the measurement area which is cut around the
periphery to 2.5 cm (1 inch) depth. The area1 percent of attached crowns
and stems within the outline of the sample area is measured by point or
l ine - intercept  methods . The soil  material  is  then removed to the desired
depth. The sample is placed in a solution of Calgon and allowed to stand
overnight . Macroscopic vegetal material is removed by successive suspension
and decantation  through 1 mm or 0.8 mm screen. The material on the sieve
may be washed with tap water under pressure. The vegetal material is air
dried,  weighed, and reported as kilograms/hectare or pounds/acre. Estimates
by size classes may be made.

SingleDropJUxyQ&z. The purpose is to measure the time it takes for a
single drop of  water placed on the surface of  air dry soil  to be absorbed.
Savage, et al. (1969) descr ibe  the  method . Distil led water is used and the
drop size should be about 0.05 g. The time from application until  the drop
disappears is recorded. At least 5 drops should be observed for each
component of the soil surface and the median and range or the mean and
standard deviation reported. The soil  surface should be subdivided on the
basis of  color and/or other features if  cryptogams a r e  s u s p e c t e d .

&x&sta.wf&ound  Surface to Movtig~Gr. Sand, 2-l mm with a density of
approximately 2.65 g/cc,  is sprinkled sparsely on dry ground surface. Air
is blown across the ground surface with sufficient intensity to just move
some of the sand grains. The air may be delivered from a blower used to
clean camera parts. The effect of  this moving air on the ground surface is
r-ecorded. Three classes may be employed:

C&s Descriotion
High No d iscernib le  e f fec t
Moderate Very little movement
Low Readily discernible movement

~.~sllstan~sit,he.~~n~~~.ce  to Rubbing . The first f inger is moved over
the ground surface while exerting a pressure through the ventral surface of
the outer joint of  roughly 3 kPa. The rate of movement should be about
10 cm in 1 second. For most people the surface area of  the f inger in
contact  with  the  ground sur face  whi le  exert ing  3  kPa is about 3 cm2. A
force of  about 100 g is  therefore applied to-exert a pressure of  3 kPa.
This force may be learned by passing the first f inger across a top loading
balance . These classes are used:
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czLa&i &script&
High No discernible effect
Moderate Observable effect but little or no material moved
LOW Observable soil material moved.

f&reHgth  at Low Suction. For the field-occurring fabric stainless steel
rings 30 cm diameter and 10 to 20 cm high are inserted into the soil by
alternate pressing downward and cutting away. The ring must be inserted
into a consolidated zone  that will provide a floor for the contents. The
ring is then undercut and protruding parts of the bottom cut away. The core
is placed in a container using loose soil to cushion and wetted against
0.5 kPa using 0.0111 C.&l2 and then inundated overnight. The CaC12
solution level is then lowered to where a suction of 0.5 kPa is applied at
about the midplane of the object inserted to measure strength. The Pilcon
vane shear device is employed. The depth ranges O-2 and O-5 cm are
measured. Also the Pocket Penetrometer is employed. Two tips are used:
the 6.4 mm diameter flat-end rod inserted 6.4 mm and the 30” cone with a
1.3 cm2 base.

To simulate the strength immediately after tillage, air dry soil material is
passed through a No. 4 sieve (4.6 mn). A section of 20 cm diameter plastic
sewer pipe 18 cm long is attached to a pedestal made from two insulation
fire bricks placed flat-wise and fastened together with calking compound.
Screen with 8 to 10 snn wide openings is placed in the bottom of the cell.
The soil material is added to the cell to a height of about 15 cm. The
screen is then slowly raised upward through the soil material. The soil
material is then taken through the water cycle described for the
field-occuring fabric. Strength is measured with the Pilcon vane for the
zone at depth 10 to 15 cm.

Hoot  Quantification. To measure the roots on a broken horizontal surface,
rings 25 or 30 cm diameter may be inserted in a horizontal plane and removed
by undercutting and prying upward. The rings are inverted and a 5 cm square
grid placed over the broken surface of the soil. The protruding roots in
each square are counted.

To obtain the smount of roots in a volume of soil as part of
characterization sampling requires a variable strategy depending on the size
of the roots and the distribution within the horizon. In some instances it
may be necessary to remove 10 to 100 kg of soil, mix, and obtain a
representative 1 kg subsample. For mechanical root washing, the sample
weight should be about 1 kg. The bulk density and rock fragment percent for
the horizons would be used to compute the measured root quantity to a volume
basis. In many instances, a subsample of the standard field sample may be
used for the root determination. If row crops are sampled, the excavation
should be at right angles to the direction of the rows. Further, the
vertical edges of the sample volume should coincide with the midplane
between rows. If fine, alive roots are to be measured. the field sample
should not be air-dried and kept refrigerated. The roots may be separated
using a mechanical root washer.or  by hand. If a root washer is used.
subsequent hand separation is necessary.

Crowns and associated large roots present a sampling problem. A large whole
sample should be taken that encompasses several crowns and associated large
roots. The crowns and associated large roots should be sampled separately.



I
The large sample, exclusive of  the crown and associated directly attached
r o o t s , should be subdivided in the field and about a 1 kg sample taken for
analyses . The weight of crowns and associated roots should be reduced
proportional to the subdivision of  the associated sample. In some
instances , to avoid the problem posed by crowns and associated large roots,
a surficial thin zone, perhaps O-5 cm, would not be sampled.
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I
I Table 1. Field water state classes for the new soil  survey manual.

Dry (D)
Very Dry (DV)
Moderately Dry (DM)

Sl ight ly  Dry  (DS)

Moist  (M)
Sl ight ly  Moist  ( M S )

Qiteri$l
>1500 kPa s u c t i o n

(CO.35 x 1500 kPa r e t e n t i o n )
2CO.35  x 1500 kPa r e t e n t i o n )
to (0.8 x 1500 kPa r e t e n t i o n )
k(O.8 x 1500 kPs r e t e n t i o n )

to 1500 kPa suct ion
1 5 0 0  kl’a > Mois t  >l or 0.5 kP&/

1500 kPa to midpoint water retention
d i f f e r e n c e  (MWR)G/

MWR to upper water retention (U4R)
UWR to 1 or 0.5 kPa s u c t i o n
kPa or ~0.5 kPa s u c t i o n
No free water

Moderately Moist @IPI)
Very Moist (MV)

Wet (W)
Not Satiated (WN)
Sat iated  (WA)

tl

#

al

hl

Matr ix  suct ion ,  not  tota l .

Free water present

0 .5  kPa for  coarse  so i l  mater ia ls .

d The Midpoint Water Retention is midway between the 1500 kPa retention
and the upper water retention, which is the water retention at 5 or 10 kPa.
The choice of  5 or 10 kPa is dependent on the comoosition  of the soil

I
I mater ia l .

I63



Table  2. Water state annual pattern.

INSERT TABLE 2



Table 3. Manual index runoff classes.



Table 4.

Numerical
Class Namess’ Test NQtes

LOOSa -_ Specimen not obtainable
Very friable, soft t8 N Force; forefinger and thumb
Friable, slightly hard 8-20 N Force; forefinger and thumb
Firm, hard 20-40 N Force; forefinger and thumb
Very firm, hard 40-80 N Force; forefinger and thumb
Extremely firm, very hard go-160 N Force; f oat
Extremely firm, extremely hard 160-800 N Force; foot
Rigid, rigid 800 N to 3 J Impact energy
Very rigid, very rigid 235 Impact energy

s/First  term applies to &g&ly dry and wetter water states (method GO15)
and the second to dryer states; the cementation terms: <80N- weakly
cemented; 80-800N- moderately cemented: 800N-3J-strongly  cemented;
and 235 - indurated.

Table 5. Dry crust rupture resistance classes for the new
manual,

Ckss Name

Fragile
Extremely Weak (WE)
Very Weak (WV)
Weak (W)

Medial
Moderate CM)
Moderately Strong (SM)

Resistive
strong (S)
very strong (SV)
Extremely Strong

t3

3-20

220

(SE)

Table 6. Penetration

ClasSPS

Small to.1
Extremely low to.01
Very Low 0.01-0.1

Intermediate 0.1-Z
LOW 0 . 1 - l
Moderate l - 2

Large 22
High 2-4
Very high 4-8
Extremely high 28

Force at Runture
N

Present, but not
Removable: ~1
1-3

3-8
8-20

20-40
40-80
280

soil survey

removable

resistance classes for the new soil survey manual.

Psetration  Resistance
MPa



I Table 8. A portion of a soil property record for winter wheat, conventional
tillage, Sharpsburg silty clay loam, 2-5 percent slopes,
Lancaster County, Nebraska.

I
Comoonent  2 !zQx!!wu Q!!!&Qnu
01 Ground surface 001 Thickness 0 1  Interrow
02 Innnediate  near surface 004 Roughness SO. cm 04 Normal to tillage
0 3

I 04
05
06

I

I

i

Mechanically bulked 005 Smoothness, Pet. configuration
Mechanically compacted 006 Drop Shatter, cm 05 Not specified
o-5 cm 008 Structure 06 Exclusive of row
crust 009 Consistence

010 Bulk Density, Mg/m3

CO!LQQSl’Xti

01 Usual
02 Dry
0 3  >25 nun r a i n

in 1 hour

Identification No. : S : 0 : N : D :J:F:M:A:M:J:J : A

I 01 01 004
04 04

01 1.2 : : : :
02 01 03 004 02 01 : : 1.5 : : 1.5 1.5 : 1.3 1.5 : : 1.2 1.5 : : 1.2 1.5 : 0.8 1.2 : : 0.8 1.2 : : 0.8 1.2 :mvfr  : 0.8 1.2 : : 0.8 1.2 : : 4.0 2.5 : :

1.2

10 009 01 :mvfr :mvfr :mvfr : :fluid:mvfr :mvfr :mvfr mfr :
mfr 2.0

:2307 :

I

I

I

I

@

I

I

I



Table 9.

Insert Table 9.
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E= S-L-R
Xf

K = S-L R x Xf

*

Kf = 0.24
>2 mm = 60% by volume
S-L R = 0.22

K = 0.09

1.0

S-L R

0.22

0.1

60%

Volume > 2

Figure 1. Computation of erosional K inclusive of the ~2 mm from th
volume percent >2 mm. Employ the relationship between soil-loss rat
and rock fragment mulch on page 19 of Wischmeier and Smith (1978). Q

Assume that the rock fragment volume (60 percent) and the mulch are
equal. For the example, the K exclusive of >2 mm (Kf) is 0.40.

Q
The volume of >2 mm (V,) is obtained from the weight percent >2 mm (W,)
in the interpretive record, the bulk density as freshly tilled (Db)
the particle density of the >2 mm (Dp>). The equation is as followsP

<

W>

i

100
V>=-

DP, W> f 100 - w>
- \

Db /

t 7 L\

I
I
I
I



Landscape Descriptors: How They Might Be Used with “Soil-Landscape Units”

F. F. Peterson

Uniwrsiwof  Nevada-Rem

L~dscape  descripfor  is a fancy term for the land-
form oames used to identify the physiographic  posi-
tion of a soiI,  a map delineation, or a soil-sampling
site, i.e., where they occur in a landscape. The term
might eveo be extended to include the features of a
small landform-element  that give it distiactivc  char-
acter, such as slope shape, gradient, and aspect, and
its size, microrelief, vegetation, etc. Landform names
can come from the common language, from the
geological literahue, from a hierarchical landform
classification I am suggesting elsewhere (Peterson,
1990).  or can be manufactured oo the spot for
unrecognized situations-I call the latter “free form”
names. We arc familiar with using landform names to
tell where soils or soil map tits occur when writing a
soil survey report or technical papers. Here, I would
like to suggwt another place landforms could be used
perhaps even more effectively-for soil-landscape
units-and discuss why landform identitications would
be critical for defming such map units.

The idea of a soil-landscape unit presumably is
that of a map unit analogous to a soil coosociatioo, a
soil complex, or a soil association, but one that would
“incorporate more landscape information into future
soil surveys,’ as a national committee had it. Tbii idea
for a new kind of map unit has teased, titillated, and
frustrated more than one soil scientist. and at least the
aforementioned national committee that was looking
for a better vcbiele for communicating soils informa-
tion to modern users (Fr-eier,  1989). The vaguc-
ness of this alluring concept has led at least this writer
to make unfortunate comments at a national meeting,
and to not be able to quit worrying at the problem.
Now I would like to suggest that we have been ap-
proachiog  this potentially-useful map-unit concept
bockwards, by fussing over the techoifalities  of
“making a soil-landscape survey,’ such as the appro-
priate map scale, type of base map, format for soil-
landscape-unit deftitioos, how ooe soil-landscape unit
would be related to and correlated with others, etc.
Here is my idea of what a soil-lamiscapc  unit is, or
could be-I’ll get back to landform descriptors shortly:

I

A soil-ladscape  unit is a soil association de-
sigoed explicitly for helping to tell a narrative
stop about how landuse, or hydrological be-
havior, or erosion-deposition, or ecological-
relations, . . . , operate in a landscape much
larger than ao ordinary soil consociation’s de-
lineations. The plof of the narrative is how
events on one soil relate to events oo another
soil that is adjacent or somewhere dowo the
line.

The soil-laodscape  sfory comes fust, then the de-
sign of tbe map. Since the readers will have to picture
where the soils are, during the unfoldiig of the plot,
they will have to be told where in familiar terms that
suggest the landscape for their mind’s eye. Those
terms will be landform names. These landforms have
to be parts of tbe landscape ~that  a person either can
see on the ground, or in an oblique view from an air-
craft, or in an oblique aerial photo, or block diagram
that mimics an aerial view. The landforms should bc
so familiar to the reader that they don’t stand in the
way of the story’s plot. Such familiarity can be created
quickly by tying landforms to stories  about landscapes
and soils that arc important and interesting to the
reader. That’s how we learn most new words.

Soil-landscape units, i.e., the soil-association map
units of the map that will back-up the laodose  story,
mostly will be idiosyncratic, that is, the features and
patterns that lend sharpness and familiarity to the
reader’s mental picture of an area will be peculiar to
that local area or somc limited region. Tbe soil-land-
scape units probably will not be amenable to correla-
tion, by aa orderly procedure similar to soil conela-
tioa, because they won’t repeat in aoytbiog like the
consistent fashion soil properties do. But the story
plots should be pretty standard, the vocabulary can
become familiar, and as readers become familiar with
the genre, they should be able to guess ahead what
will happen next in the soil-landscape  story.

To paraphrase Shakespeare, the story’s  the thing!
The coostruction  of soil-landscape maps (i.b, soil-as-
sociations) and reports should follow simply from the
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Figure 1. A schematic, cross-sectional diagram of the microtopographic positions of four soil-surface morphological
types associated with gently-sloping, shaUowly loess-mantled xerollic Argids and Ortbids  of the Humboldt Loess
Belt of northern Nevada. Microtopographic  positions are: C = coppice dune, bn-1 = bunchgrass  coppice, B =
coppice bench, M = intercoppice microplain, P = playette.  Vertical scale exaggerated. Type 1 soil-surface is litter
covered. Circles indicate vesicles in crusts. Alv is the horizon notation for a crust. (After Eckert el al, 1989.)

demands of the stovs  plot, but we’ll have to have a
coherent landform vocabulary to describe events hap
peaing across a landscape. To write the story, the
author will have to be intimately familiar with the par-
ticular landscape, its soils, and the problem or poteo-
rial that is the story to be told. But that is nothing new
for soil scientists!

A Soil-Landscape Story

lo the Humboldt Loess Belt of northern Nevada,
and in adjacent states, rangeland seed&s  are not an-
commonly aftlicted with a pox of small, barren spots.
These barren spots are equally barren under the na-
tive big sagebrush-grass vegetation because they have
vesiculrrr crusts that prevent establishment of most
grasses and shrubs. Adjacent to these barren spots
are much less evident areas where the seedings are
more-or-less sparce, depending on moisture during
seedling emergence, and also small spots with vigor-
ous stands of grass. These  also reflect moderately
vesicular-crusting or non-crusting soil behavior. This
detailed pattern of seeding establishment is a soil-

landscape story io microcosm because the “landforms”
involved are microtopographic forms. Yet it nicely il-
lustrates a soil-landscape story because events on one
“landform” and its “soil” are related to events oo adja-
ceot ones.

The microtopography  (read ‘landforms”)  com-
prises small, conical mounds of eolian material, called
coppice dunes, that collect under widely-spaced shrubs
(Fig. 1). The litter-covered, loamy A horizon here has
a compound, very-weak medium prismatic and svong
very-fme subangular-blocky  structure. it does not
crust, is permeable, and allows vigorous seedling
emergence when the shrub is removed and the spot
seeded.

Where the sagebrush on a coppice done has died,
or around the margins of some shrubbed  coppice-
dunes, the litter is absent and the medium prisms of
the A horizon have been frost-heaved into inch-high
“p’bmacles”  (pointed tops of the prisms). These still
slightly-elevated, pinnacled, microtopographic  forms
are called coppice benches. Though they appear very
thinly crusted, the frost-heave pioaacles  are very-fme
subangular-blocky  internally and are permeable. The
“trench cracks” behwen  the pinnacles are a centimeter



or so wide and deep, and provide -safe  sites” for vigor-
ous seedling germination sod emergence.

The relatively wide spaces  between the coppice
dunes are mostly-barren, very-gentle slopes that lead
down to a flattish spot or a barely-visible micro-rill.
This very gentle slope is called an infercoppice  mi-
croprtrin  and the flattish  spot is called aployene.  A few
bunchgrass coppice dunes may occtu on the mi-
croplain. The microplain has a vesicular crest that is
cracked into promiocnt  shrinkage polygons (the tops
of prisms of the A horizon) with narrow cracks, and
the playette has an eveo more prominently vesicular-
crusted surface and yet larger sbriokage  polygons with
very narrow cracks. On the microplain, the few
seedliogs that establish are mostly in the cracks, and
on the playctte only rare seedlings ever establish
(Eckert et al, 1989).

The dynamics of the crusting that causes this pat-
tern of seedling establishment or failure is directly re-
lated to the pattern of runoff and floodiog  on the adja-
cent microtopographic  forms. Crostiog soil mate-
rial-commonly  silty or very-fme-sandy, low-clay and
low-organic-matter, unstructured material-is caused
to crust by wettiog. The greater the wettiog  the
harder the crust, with the hardest crusts formed by
saturation (Hillel, 1960). The actual crust, of course,
forms only when the soil dries out. The vesicular
pores are created in sorumred  crusting-soil-material by
the merging of small bubbles of entrapped air, that is
under relatively hii capillary presstie,  with larger
bubbles under less capillary pressure. The vesicular
pores grow larger with recurrent saturations (Miller,
1971).

Duriog  mow melt, or during heavy downpores,
water largely iofiltrates  into the coppice dunes and
coppice benches and their soil surface does not satu-
rate or crust. Some water mos on to, then slowly
across the iotercoppice microplain shallowly
saturating its surface. A few-centimeter thick crust
forms. Water runs onto and briefly pondr on the
playettes,  deeply saturating and crusting their surfaces.

Why Use Soil-Landscape Stories?

The preceding, abbreviated story of how crusting
sod seedling establishment are related to the microto-
pography (read ‘landforms”)  of certain Argids illus-
trates how laodform  identifications can be used to
help communicate soils information. If one wanted to
show where the soils with this crustiog  behavior occur
in a landscape with crostiog ~rgids and non-cmsting,
sandy Torriortheots,  for example, a simplified soil
map that showed ordy these two conditioos would be

3

the “soil-landscape map” that would go along with this
story. The reap unit that showed the crusting soils
would be a “soil-laadscape map unit” inasmuch as the
microtopographic  forms (read “landforms”)  each
would coincide with a “soil” with diiferent  surface
morphology and behavior. This map unit also would
be a “soil association” with the spots of differing sur-
face morphology and microtopographic  position being
the “component soils.” For this illustrative soil-land-
scape story oae tells on& those soil facts importaot  to
the story, and shows only those areas oo the accompa-
nymg map that are concerned with the story.

In contrast, with our standard soil surveys we try to
tell ewrything about e~efy soil, and try to show the PO_
sitioo of each of soil on the map. We drop the whole
load and bury the reader! IO both a soil-landscape
story and a standard soil survey, we use landforms  to
tell where things are, but in a soil-laodscape  story the
pattern of laodforms is used to support the story. lo-
stead of beiig encyclopedic, hence boring and coo-
fusiig to maoy readers, a soil-landscape story sboold
hook into a reader’s interest by talking about a single
thiog the reader thinks is important and then sneak in
only those soil facts needed to support the story.
Having an interesting story with a strong plot is the
crux!

From this point of view, the “soil-landscape unit” is
merely another sort of soil association designed to il-
lustrate a story about soils and landscapes. Indeed,
“soil-landscape unit” is a redundant term. Let’s not try
to pre-design soil-landscape units, rather let’s concen-
trate on the stories to be told, and how to tell them!
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ENGINEERING PROBLEMS ASSOCIATED WITH PERMAFRUST

Nils I. Johansen, P.E.
Associate Professor of Geological Engineering

School of Mineral Engineering
University of Alaska Fairbanks

Fairbanks Alaska 99775

Introduction

Permafrost simply means permanently frozen soil and covers
more than 20% of the world's land surface and more than 80% of
Alaska. The permafrost province is typically divided in three
dress. the area of continuous permafrost, discontinuous
permafrost and sporadic permafrost. Each of these areas have
different engineering problems related to permafrost. The
southern limit of permafrost roughly coincides with the 30°F ( -1"
C) average annual temperature isotherm.

Continuous Permafrost.

In the continuous zone the soil is frozen to great depth.
This is the true Arctic. Permafrost thicknesses of one tu two
thousand feet are encountered. The active layer, the SO11 zone
that freezes and thaws every year, is on the order of a foot or
so in thickness depending on local climate.

To my way of thinking, in this area we do not have
permafrost problems, but rather active layer engineering
problems. The active layer is very sensitive to damage and heals
slowly. Bulldozer tracks can turn into shallow watercourses.
Geophysical survey lines may remain visible from the air for
years.

Engineering in the High Arctic is often a case of not
disturbing the tundra, which is another way of saying the active
layer, and "protect the permafrost." The protection is relative.
What engineers often really mean is that the active layer needs
to be protected. Some numbers will illustrate this. Suppose the
active layer is 1 ft. thick and the permafrost is 1000 ft. thick.
An increase in thawing depth of an additional foot will have a
major impact on the active layer, an increase in thickness o f
lOO%, whereas the permafrost is now a “mere” 999 ft. thick, a
reduction of 0.1%.

It is no wonder then that road construction in the Arctic
centers on protection of the active layer while using the frozen
soil as a base. The same is true in building construction. The
structure is solidly founded in the frozen soil; efforts are made
to protect the active layer or freeze it. Of some concern is
frost heave from the active layer, but with the thicknesses
encountered this is rarely a problem when the structure is
anchored in permafrost.

1
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niscontinuous Permafrost

In the discontinuous zone engineers encounter true
permafrost problems, some of which You have seen on the
fieldtrips in the local Fairbanks area. The permafrost vi11 be
absent in areas with a favorable location, such, as some south
facing slopes, and present in cooler areas. Since the average
Fairbanks temperature is 25.8' F, permafrost thickness in
Fairbanks is limited and the temperature of the permafrost warm,
relatively speaking. The soil temperature may be within a degree
Farenheit of thawing. In a location like the CRREL permafrost
tunnel site near Fox, Alaska the total thickness of frozen soil
is about 100 ft. In other open south-facing areas such as the
south-facing fields around the University farm, permafrost may be
absent.

There are two another complicating factors regarding
permafrost in the discontinuous zone such as in Fairbanks and
those are related to :

1. Soil Type (especially as related to moisture content).
2. Soil cover (including vegetation, but also man-made coverings

such as a highway pavement).

Because permafrost is defined as a thermal condition, soil
moisture play an important part in Permafrost Engineering. Unless
there are special circumstances such as saline pore water, soil
moisture will be in the form of ice when the soil is below
freeing. Engineers divide permafrost soil in two categories, Thaw
Stable Soils and soils which are not. Soil moisture content in
the form of ice and the distribution and relative amount of ice
with respect to available pore space is critical. If the VOlU!lW

of the ice in the soil exceeds the available pore volume the soil
is said to have "excess ice". Such a soil would undergo a volume
change as the ice melted, but there is more to the problem.

Soils with a high capillary rise and good permeability such
as s.ilts have the potential for forming a great amount of excess
ice. This is true regardless of permafrost presence or not. Frost
susceptible soils may form taber ice, create frost heave
problems, and will cause problems when thawed. The difference
between permafrost silt and a silt subjected to annual freezing
and thawing is that the permafrost silt has been frozen longer.
The problems upon thawing are the same. Since the soil thaws from
the surface downward, the water released has nowhere to go. The
result is a significant reduction in the bearing capacity of the
soil from the reduction in shear strength of the soil. ( Like a
teacher of mine said, "You cannot slice water".) Mud has
essentially no bearing capacity and we see the results each
spring when the load limits are re-imposed on our highway in the
spring where the road foundation is e frost susceptible soil.
Permafrost engineering for these kinds of soils will typically be
directed towards efforts in keeping the soil frozen. To
accomplish this, there ece two methods. One is using insulation,
the problem here is that insulation alone may not be sufficient
to keep the soil frozen. There will be a thermal gradient through
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the ineuljtion, and the soil that needs to be protected may only
be a fraction of a degree helo" freezing. Insulation "ill work if
the total temperature change is confined to the insulation layer.
This is the approach used in the Northern Contiguous States. Th-e
placement of insulation on the subgcade keeps the subqrade from
freezing and hence there is no ice lens development in the 52011.
The same process but in reverse is used in the High Arctic.
Insulation on top of the active layer will protect the permafrost
from thawing and even raise the permafrost table into the
insulation and confine the annual temperature variations to
within the insulation layer and any soil above it. In the
discontinuous permafrost zone this may not be possible, the heat
input is too great and the amount of insulation needed may be
uneconomical. In many circumstances soil freezing is the answer
to the question of soil stability. There are two ways of
approaching this, artificial freezing or using the natural
conditions and thermopiles. A good example of the latter is the
above ground section of the trans Alaska pipeline in the
Fairbanks area. The thermopiles take out enough heat in the
winter so that although they do not work when the air temperature
is higher than the soil temperature, enough soil is frozen in the
winter to keep enough of the foundation frozen through the
summer. A combination of insulation and thermopiles is often an
optimal solution.

Since the silty soils in the Fairbanks originated at
different times, the lower, older silts have often massive ground
ice associated them; a relic from the tundra conditions near the
end of the last ice-age. This is clearly seen in the CRREL
permafrost tunnel where the soil layer with C 10 dates in the
11,000+ year range has massive ground ice present. These ice-

wedges are actually fossil wedges, and hence inactive. This silt
is then overlain by a younger silt member which contains today's
permafrost table. If the warming of the soil allows this massive
icemass to thaw we see to some spectacular thermokarst features.
They are well developed in many locations in the Fairbanks area.
As stated earlier, just a small increase in soil temperature may
trigger thawing of these silts. As far as the soil is concerned
it is immaterial whether the increase is due to changes in the
SOil surface by reduction of shade or a long term increase in
average temperature conditions from global warming or greenhouse
effect. Soils engineers working in the discontinuous permafrost
zone know that regardless of the cause of the soil warming, the
results can be disssterous. The Fairbanks area has many examples;
roads with constant maintenance problems; homes abandoned because
of thermokarst subsidence.

But frozen silts do have one redeeming feature, they can be
excavated in the frozen state without too much of a problem with
regard to machinery. Thaw stable soils like gravels cannot
readily be excavated with continuously operating equipment while.
frozen, but must be thawed or sometimes blasted first., The placer
mining operations in Fairbanks and the construction of the
pipeline reaffirmed these constraints.

Clean permafrost gravels can be used as a foundation without
too many problems. Downtown Fairbanks testifies to this. The
problem here is that the qra~vels may not be clean, for example



there are many sloughs filled with ice- rich silt ZlJId 0 r g an I c
matecialS that crisscross the floodplain deposits that underlie
Fairbanks. When these deposits are encountered, the engineer must
make a decision to either excavate the deposit and replace it
with a clean, non frost susceptible gravel or keep the SOil
fr0Zel-l u s i n g the methods already described. Engineers in
Fairbanks use both methods depending on judgment and the 1OCJl
c i r c u m s t a n c e s .

Engineers must also keeep in mind that the construction of
buildings and roads affects the thermal regime. A simple
operation like keeping the roads clear of snow in the winter
increases the frost penetration from the winter cold, and a black
asphalt road surface will accelerate thawing of the soil
underneath in the summertime. If the underlying soil is frost
suseptible or a frozen soil which is not thaw stable,
significant amounts of differential settlement can take place.
Fairbanks' roads show numerous examples of this.

Another set of engineering problems in Fairbanks are in
connection with the groundwater supply and sewage disposal. The
presence of permafrost complicates the groundwater system,
however, I Will only briefly address one problem related to
groundwater movement. In many areas of Fairbanks the geologic
column consist of the bedrock which is overlain by gc?iVelS
(sometimes these gravels are gold bearing and the source of the
placer-mining industry in the area). The gravels are in turn
overlain by reworked organic silts. The column is similar to the
one seen in the CRREL permafrost tunnel. At the CRREL site the
permafrost extends into bedrock, whereas in other areas the
frozen section only extend into the gravels. This thawed portion
of the gravel layer then acts as an artesian aquifer in many
places. If the aquifer is reached by a well drilled through thr
frozen silt, the flow of water through the well may thaw the soil
surrounding the well casing and the water may continue to flow
even though the well itself has been capped. Water can flow up
along the outside of the casing. The well may continue t o flow
unchecked for extended periods of time. If this happens during
the winter a substantial icing may develop, something that took
place in one part of town in the winter of 1976/i'?.

Sporadic Permafrost

In the zone of sporadic permafrost, the frozen soil is
present in sheltered, cool areas. The problem here Is often one
of finding it and if found, ask the question of whether the soil
is thaw stable or not. The treatment will then be as discussed in
the previous section.
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SOIL TAXONOMY- Insensitive to Native Vegetation in the WEST

Larry C. Munn
Associate Professor- Soils

University of Wyoming
Laramie, WY 82071

My purpose here is not to challenge the basic soundness of SOIL
TAXONOMY, nor its many successes. I consider TAXONOMY and the old
SOIL SURVEY MANUAL to be the two most important soils publications
in my lifetime. Without a doubt, NCSS would not be what it is today
had those two documents not been published. If I had to list the
three attributes of SOIL TAXONOMY which I believe responsible for
its success, I would name the following:

1. The requirement for quantification of morphology and
chemistry.

2. The inclusion of soil climate as a classification
c r i t e r i a .

3. The planned provision for change in the system, and the
reliance upon field experience to drive change.

When SOIL TAXONOMY was developed beginning over 40 years ago, the
available data base was much smaller than at present and experience
with detailed soil survey was largely confined to agricultural
lands. It is no surprise that, from the very beginning, TAXONOMY
worked better for cropland surveys than for ,wildlands. I believe
this to still be true today, and I base that belief on
conversations with numerous soil scientists in the BLM and Forest
Service as well as my own professional experiences.

Just a week previous to this conference, I was participating in a
soils training session for silviculturists and managers on the
Bridger-Teton National Forest in western Wyoming. These users
(hopefully) of the Soil Survey asked a specific and a general
question, questions that I have heard before. Their specific
question was: Why does one Soil Series support several habitat
types and why does the same habitat type occur on more than one
S e r i e s ?  A  m o r e general  quest ion , a f t e r  l i s t e n i n g  t o  a  s o i l
s c i e n t i s t  g o  o v e r  a  s o i l  p r o f i l e  d e s c r i p t i o n  i n  d e t a i l ,  i t e m  b y
item, was: What does all of this have to do with growing trees?
As I said, I have heard these questions before.
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In my own research I have frequently come to the same frustration,
t h a t  o f  n o t  b e i n g a b l e  t o  r e l a t e  s o i l  p r o p e r t i e s and s o i l
c lass i f i cat ion  units  to  p lant  communit ies  and p lant  response .  11~
part this problem is definitional,  and one has to remember that
plant  communit ies ,  habi tat  types ,  range s i tes  or  whatever are
abstract ions . They represent attempts to describe portions of the
variability in vegetation observed in nature;  the Soil  Series is  a
s imi lar  abstract ion .

I will argue however that the major source of  this phenomena is
r e a l , and that its roots l ie in the history of  SOIL TAXONOMY.
S p e c i f i c a l l y , the data base bias towards a g r i c u l t u r e  h a s
desensitized SOIL TAXONOMY to native vegetation. The definitions of
the epipedons were written with the idea that the soils would be
plowed. T h e  d e f i n i t i o n s  o f  t h e  t e x t u r a l  c o n t r o l  s e c t i o n s  w e r e
apparently drawn up with the same concern. Finally, the def lnitions
of moisture and temperature regimes were conceived in reference to
the response of agronomic crops.

The “mixing’ of  the upper 18 cm of the soil, required  to  ident i fy
eplpedons, destroys  reso lut ion  at  the  inter face  o f  the  Mol l i so ls
and Arid lso ls . I n  t h e  f o r e s t , t h i s  r e q u i r e m e n t  r e s u l t s  i n  t h e
lumping of profiles with such diverse horlzonatlons as Ol-E-B,Oi-A-
E - B , and A-B together wl thout r e c o g n i t i o n  o f t h e  b i o l o g i c a l
implications of  such morphological  distinctions.  The response of
v e g e t a t i o n  i n  t h e  a r i d  r e g i o n s t o  d i f f e r e n c e s  i n  s u r f a c e  s o i l
texture is well known. It ,  with other factors,  provides the basis
for  the  “Range  Site” concept .  Yet  in  the  major i ty  o f  cases ,  the
sur face  texture  is not a consideration in the placement of  a soil
in the correct Textural Family. In detailed surveys of  aqrlcultural
reg ions , mapping units commonly are named after “Phases of Series”
which represent the soils within the delineations. This simply has
not been done on Order 3 Soil Surveys on the western wildlands.
After  we  mix the  sur face  t ier  to  ident i fy  the  ep lpedon,  we  look
under it for family placement.

In  working  wlth r lpar lan plant communities, one sees wide
variation in water level and length of the period of occurrence of
reducing conditions in soils of the same Series or, more commonly,
Family. The development of Series concepts for high elevation, cold
soils h a s  b e e n  s l o w . These rlparlan areas are of immense lnterest
t o  w l l d l a n d  m a n a g e r s  a t  t h e  p r e s e n t  t l m e  a n d  i t  i s  a  m i s s e d
opportunlty that we are not able to provide specific information as
to  water  re lat ions  and p lant  response  in  the  mapplng  units  we
d e l i n e a t e . A  common o c c u r r e n c e  would entail  three or four plant
communities on one Series and the same community being split over
two or three Series or Families (e.g. Burns and Tonkin,  1982).

Now, let’s look at some of the features of SOIL TAXONOMY that cause
these problems. The definition of  the “aqulc” moisture  reg ime in
TAXONOMY (Soil Survey Staff,1975,1987) discusses both an “aquic” a
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“Peraquic”  regime. The peraqulc regime Is not used as a taxonomic
c r i t e r i a . In practice, a soil will be identified as having an aquic
r e g i m e  i f  i t  h a s  e i t h e r :  a.) a histic e p i p e d o n ,  b.) a  s u l f u r i c
horizon, or  c.) an u m b r i c ,  mollic, or ochric epipedon AND dominant
colors in a horizon at a depth of less than 50 cm of chroma 2 or
lower without mottling or chroma 1 or lower with mottling (Soil
Survey Staff, 1987). A high SAR that decreases with depth will also
result  in  the  ident i f i cat ion  o f  an  aquic  reg ime (e.g. Aquepts).

At  the  Subgroup leve l ,  a .  Cryochrept  i s  p laced  into  the  Aquic
Cryochrepts  i f  i t  has  low chroma mott les  within  75  cm o f  the
sur face . Aquic Cryofluvents and Aquic Cryorthents have low chroma
mott les  within  50  cm o f  the  so i l  sur face . An Aquic Cryoboralf
either has low chroma mottles within 75 cm of the soil surface OR
is saturated with water for at least three months within 1 meter of
the surface. An Aeric  Cryaquept has chromas higher than 2 in more
than 40 % of the horizons at a depth of 15 to 50 cm. In these
d e f i n i t i o n s , I believe there to be room for a wide range of plant
response. An Aqualf has “dominant” chroma of 2 or less in coatings
on surfaces of  peds in the arqil l ic  horizon and a chroma of  2 or
less immediately below any dark A horizon. If there are no mottles
in the  arq i l l i c  or  kandic  hor izon ,  the  dominant  chroma is  1  or
l e s s .  S o , is an Aeric  Cryaquept  a lways “wetter”  than an Aquic
Cryofluvent ? One would need to ask the plants I suppose.

Another concern that was discussed on the VI ISCOM meeting last
summer was the difference between “High Latitude Cryic” and “High
Elevation Cryic ” temperature regimes. Crop response is different in
these s i t u a t i o n s ; I am sure native vegetat ion a l s o responds
differently. Plants used as indicators of temperature and moisture
regimes have varying interpretations with location.  Idaho Eescue
(Festuca i d a h o e n s i s )  i s  a p p a r e n t l y  a n i n d i c a t o r  o f  t h e  c r y i c
t e m p e r a t u r e  r e g i m e  w h e n  precipltatlon Is less than 40 cm, but
o c c u r s  o n  s o i l s  w h i c h  h a v e  a  f r i g i d  r e g i m e  i f  p r e c i p i t a t i o n  i s
greater than 40 cm (Platou et al., 1986). This is a classic example
of a plant making a different “integration I1 of sol1 propert ies  than
we do as taxonomists.

The literature dealing with attempts to relate soil properties with
yields of  native vegetation indicates very checkered results (e.g.
Munn et al, 1979; Brown and Loewenstein,l978;  Grier et al., 1989).
Aqain, I  be l ieve  that  the  p lants  are  s imply  inteqratinq  the soil
and site factors in a much more sophisticated way than we have done
so  far .
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To end this paper on a positive note, let me suggest some
modifications of TAXONOMY that might improve the interpretive value
of our taxonomic units for native vegetation.

1.

2.

3.

4.

5.

6.

Consider allowing a 10 cm thick epipedon for soils in the
aridic moisture regime.

Develop textural family criteria.that  include the surface tier
for soils in cryic temperature regimes and in aridic moisture
regimes.

Evaluate soil textural families consistently for depth, from
18 to 100 cm.

Use "Temperature Degree Day" criteria to subdivide within the
cryic and frigid temperature regimes.

Use peraquic as well as aquic moisture regimes (perhaps as a
family criteria ?l.

Use consistent depth strata to evaluate aquic and aeric
subgroups and aquic suborders.

We have a large potential cliental in the resource management
agencies. We will win over those people as supporters of the NCSS
only if we can make SOIL TAXONOMY as useful to natural resource
managers, dealing with native vegetation, as It has been for
agriculturists.
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WEST REGIONAL SOIL SURVEY WORK PLANNING CONFERENCE

Fairbanks, Alaska
June 18-22, 1990
W. R. Folsche

The NCC organizational chart is attached. Special notes should be:
(1) Lee Sikes has replaced Don Stelling who retired, (2) Hugh Allcon
has taken a new position--Chief of the new Operations/Reproduction
Branch, and (3) Fred Minzenmayer is going to be housed at the NCC
(this is for coordination with the NSSC in our joint GIS effort).

Training is a big function of the Remote Sensing/GIS function of
NCC. Courses offered are: (1) Fundamentals of GIS, (2) GRASS, (3)
LTPlus, (4) GIS for Managers, and (5) Photointerpretation for
Trainers. The staff is working on an advanced Remote Sensing/GIS
course and a special course on Photointerpretation for NRI leaders.

The NCC is working on the following databases: (1) NATSGO, (2)
STATSGO, (3) SSURGO, (4) TIGER, (5) DLG's, (6) DEM's, (7) PSU's,
(8) Hydrologic Units. No copyrighted soils database will be put in
the SSURGO database.

The NAPP maps for soils are to be coordinated with Jim Ware. In the
future we can expect digital imagery to be used as a backdrop on GIS
applications. Image classification for land use cannot satisfac-
factorily be completed on FOCAS equipment.

When updating soils by MLRA, consideration should be given to NAPP
flying dates, MOU from different counties, and scale. Soil scien-
tists need to be involved with the use of soil databases in GIS
activities. When others ask for soil databases, they also ask for
assistance in applying soils in GIS. Soil scientists need to be
prepared to give this assistance.

NCC is involved in TQM. We recognize you as our customer and will
be asking more in the future what your needs are for the products
that we do for you.

I appreciate your inviting me to participate in this conference.
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Western Regional Technical Work Planning Conference Task
Forces

1. Soil moisture and temperature - Tommie Parham, chairman.

Background: Soil moisture and temperature regimes continue
to be quite subjective determinations because the philosophy
or their purpose seems to be unclear. Most of the
temperature and moisture criteria was developed to make
major separations for cropland, few were done to make the
separations that may be needed.in the West. Yet even the
cropland concepts have been somewhat lost because of poor
documentation of changes to farming practices. With the
current proposals of Soil Taxonomy including changes in
determining moisture regimes, the question has been asked -
What areas need.to be separated?

Soil Moisture and temperature data or information or
estimates are used for soil classification. However, there
usually is no recording or data base of soil climate to
reference or compare between areas when we try to correlate.
A record of this information in an accessible manner is
needed also for making interpretations that vary during the
year with fluctuations of soil moisture states or
temperature.

Items for consideration by the task force:

a. What land use or vegetative separations are needed
in the western states that moisture or temperature regimes
could better address?

b. What correlation procedures are needed to
coordinate soil moisture and temperature regimes between
states and agencies?

C. Even the data collected is biased by land use, so
how do we develop techniques to morphologically support the
needed separations and provide a predictive tool for future
uses and responses?

d. Compare the accuracy of current models in assessing
soil moisture and temperature regimes.

e. Develop a procedure that can be graphically
displayed and computer accessed that records soil moisture
and temperature for each soil series by month and depth.

f. Propose a process for implementing this procedure
into NCSS soil documentation procedures.
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2. Levels of interpretations - Larry Munn, chairman.

Background: Traditionally NCSS has interpreted soils at the
phase of the soil series. NCSS has not established
standards and procedures for different levels of
interpretation commensurate with the levels and detail of
soil survey data.

Items for consideration by the task force:

a. Is it reasonable to use SCS-SOI- data for STATSGO
interpretations? Should criteria or interpretations be
scale dependent?

b. What kind and amount of interpretation is needed
for different kinds and degree of management?

C . How do we consistently interpret for different land
use by different agencies?

d. Identify other techniques/procedures for
interpreting soil survey data.

e. What guidance can we develop to interpret map unit
delineations as opposed to components of map units?

3. Soil quality standards - Roger Poff, chairman.

Background: Soil quality standards are the stated
conditions or threshold values for soil properties or soil
conditions that indicate the health, quality, or productive
potential of a soil.

Items for consideration by the task force:

a. Explore kinds of standards that may be needed by
NCSS cooperators. Consider a replacement soil quality
standard for T in erosion equation.

b. Develop proposed guidelines for the development of
soil quality standards with close attention to terminology.

C . Develop a presentation for the ASA symposium on
soil quality standards.
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4. Sails changes by management - Mario Valverde, chairman.

Background: Soil interpretations have concentrated on
interpreting the natural soil. However, a National Work
Planning committee identified four major areas in which
management induces changes to soils that affect its use:
(1) soils changed by crop management, (2) soils changed by
irrigation, (3) soils changed by drastic disturbances, and
(4) soils changed by drainage. Physical and chemical
properties change both temporally and permanently.

Items for consideration by the task force:

a. Construct a plan to handle use dependent temporal
information at a level of detail significant to the major
models for erosion, chemical amendment fate, etc. Examine
the west Texas data collection program for possible use.

b. Develop procedures or framework to document the
soil physical and chemical changes or modifications that
influence long term soil behavior changes.

C . Draft a section for the National Soils Handbook to
improve documentation of management altered soils for both
when soils are being mapped and for when changes occur after
publication.
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TASKFORCE 1 (SOIL MOISTURE AND TEMPERATURE) TOPICS
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SOIL MOISTURE AND TEMPERATURE - TASKFORCE 1

B a c k g r o u n d : S o i l  m o i s t u r e  a n d  t e m p e r a t u r e  r e g i m e s  c o n t i n u e
t o  b e  q u i t e  s u b j e c t i v e  d e t e r m i n a t i o n s  b e c a u s e  t h e  p h i l o s o p h y
o r  t h e i r  p u r p o s e  seems t o  b e  u n c l e a r . M o s t  o f  t h e
t e m p e r a t u r e  a n d  m o i s t u r e  c r i t e r i a  was d e v e l o p e d  t o  m a k e
m a j o r  s e p a r a t i o n s  f o r  c r o p l a n d ,  f e w  w e r e  d o n e  t o  m a k e  t h e
s e p a r a t i o n s  t h a t  m a y  b e  n e e d e d  i n  t h e  W e s t . Y e t  e v e n  t h e
cropland  c o n c e p t s  h a v e  b e e n  s o m e w h a t  l o s t  b e c a u s e  o f  poor
d o c u m e n t a t i o n  o f  c h a n g e s  t o  f a r m i n g  p r a c t i c e s , W i t h  t h e
c u r r e n t  proposals  o f  S o i l  T a x o n o m y  i n c l u d i n g  c h a n g e s  i n
d e t e r m i n i n g  m o i s t u r e  r e g i m e s . the q u e s t i o n  h a s  b e e n  a s k e d ,
W h a t  a r e a s  n e e d  t o  b e  s e p a r a t e d ?

S o i l  m o i s t u r e  a n d  t e m p e r a t u r e  d a t a  o r  i n f o r m a t i o n  o r
e s t i m a t e s  a r e  u s e d  f o r  s o i l  c l a s s i f i c a t i o n . H o w e v e r ,  t h e r e
u s u a l l y  i s  oo r e c o r d i n g  o r  d a t a  b a s e  o f  s o i l  c l i m a t e  t o
r e f e r e n c e  o r  c o m p a r e  b e t w e e n  a r e a s  w h e n  w e  t r y  t o  c o r r e l a t e ,
A  r e c o r d  o f  t h i s  i n f o r m a t i o n  i n  a n  a c c e s s i b l e  m a n n e r  i s
n e e d e d  a l s o  f o r  m a k i n g  i n t e r p r e t a t i o n s  t h a t  v a r y  d u r i n g  t h e
year w i t h  f l u c t u a t i o n s  o f  s o i l  m o i s t u r e  s t a t e s  or
t e m p e r a t u r e .
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1. W h a t  l a n d  u s e  o r  v e g e t a t i v e  s e p a r a t i o n s  a r e  n e e d e d  i n  t h e
w e s t e r n  s t a t e s  t h a t  m o i s t u r e  o r  t e m p e r a t u r e  r e g i m e s  c o u l d
b e t t e r  a d d r e s s ?

2 .  W h a t  c o r r e l a t i o n  p r o c e d u r e s  a r e  n e e d e d  t o  c o o r d i n a t e  s o i l
m o i s t u r e  a n d  t e m p e r a t u r e  r e g i m e s  b e t w e e n  s t a t e s  a n d
aganc  i es?

3 .  E v e n  t h e  d a t a  c o l l e c t e d  i s  b i a s e d  b y  l a n d  u s e ,  s o  h o w  d o
w e  d e v e l o p  t e c h n i q u e s  t o  m o r p h o l o g i c a l l y  s u p p o r t  the n e e d e d
s e p a r a t i o n s  a n d  p r o v i d e  a  p r e d i c t i v e  t o o l  f o r  f u t u r e  u s e s
a n d  r e s p o n s e s ?

4 .  C o m p a r e  t h e  a c c u r a c y  o f  c u r r e n t  m o d e l s  i n  a s s e s s i n g  s o i l
m o i s t u r e  a n d  t e m p e r a t u r e  r e g i m e s .

5 .  D e v e l o p  a  p r o c e d u r e  t h a t  c a n  b e  g r a p h i c a l l y  d i s p l a y e d  a n d
c o m p u t e r  a c c e s s e d  t h a t  r e c o r d s  s o i l  m o i s t u r e  a n d  t e m p e r a t u r e
f o r  e a c h  s o i l  s e r i e s  b y  m o n t h  a n d  d e p t h .

6 .  P r o p o s e  a  p r o c e s s  f o r i m p l e m e n t i n g  t h i s  p r o c e d u r e  i n t o
N C S S  s o i l  d o c u m e n t a t i o n  p r o c e d u r e s .





M a p  U n i t  Lelgend  for the C o m p o s i t e  M a p  o f
Soi I M o i s t u r e  a n d  T e m p e r a t u r e  R e g i m e s  a s

P r e s e n t e d  b y  I n d i v i d u a l  S t a t e s

P r e p a r e d by : N a t i o n a l  S o i l - R a n g e  T e a m ,  1965

HtA - H y p e r t h e r m
TA - Thermic/Ar
MA - Mesic/Arid
FA - Frigid/Ari
CA - Cryic/Arid

c/Aridic
die
c

die
ic

T h i s  g r o u p  o f  s o i l s  is i n t e r p r e t e d  a s  b e i n g  Y
T y p i c  A r i d i c  o r  aridic (torric) d e f i n e d  o n  pg

ithin t h e  c o n c e p t  o
. 5 5 ,  S o i l  T a x o n o m y

f

.I

TAX - Thermic/Aridic
MAX - Mesic/Aridic
FAX - Frigid/Aridic
TAu - Thermic/Aridic
MAu - Mesic/Aridic
FAu - Frigid/Aridic

TX -
MX -
FX -
CX -

Thermic/Xeric

ITU -
IMU -
TU -
MU -
FU -
cu -

Mesic/Xeric
Frigid/Xeric
Cryic/Xeric

Isothermic/Ustic
Isomesic/Ustic
Termic/Ustic
Mesic/Ustic
Frigid/Ustic
Cryic/Ustic

IMUd - Isomssic/Ud
MUd - Mesic/Udic
FUd - Frigid/Udic
CUd - Cryic/Udic
PUd - Perge  I i c/Ud

?, -
A q u i c
Thermic/Aquic
Mesic/Aquic
Frigid/Aquic
Cryic/Aquic

T h i s  g r o u p  o f  s o i l s  h a s  two a p p a r e n t  i n t e r p r e t a t i o n s :  1) t h a t  t h e
s u b s c r i p t ( s ) i n c l u d e s  b o t h  T y p i c  A r i d i c  a n d  Xerollic o r  U s t o l l i c
A r i d i c  s o i l s  o r  ustic: 2) t h a t  t h e  s u b s c r i p t ( s )  e q u a l s  Xerol I ic
A r i d i c  a n d  U s t o l l i c  A r i d i c  i n t e r g r a d e  s o i l s  (intergrades  only).

I

I

ccl -
Thermic/Xerlc
MX - Mesic/Xeric
FX - Frigid/Xeric
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Recommendations: Committee 2
Soil Interpretations

1990 Conference: Fairbanks, AK

Larry Munn, Chair

1. The format used to publish soil surveys should be changed to two
documents. One document will contain the soil maps, mapping unit
d e s c r i p t i o n s , descr ipt ion  o f  the  survey  area ,  d iscuss ion  o f  the
methodology used in making the survey, d e s c r i p t i o n s 0 t:
representative pedons, and documentation of  the soils  data base
collected during the course of  the s u r v e y . It will provide a
discuss ion  o f  the  re l iabi l i ty  o f  the  survey  information  and wi l l
i n c l u d e  f o r  e a c h  r e p r e s e n t a t i v e  s o i l  a  l i s t  o f  s o i l  p r o p e r t i e s
which affect management, but will NOT contain interpretations. The
second document will  contain descriptions of  mapping units and
representat ive p e d o n s ,  a d i s c u s s i o n  o f the v a r i a b i l i t y and
re l iabi l i ty  o f  the  data  base , and the interpretations.

2. Interpretations should be developed on a state or regional basis
to meet the needs of the identified users of the soil survey. It is
EXTREMELY important  that  c lear  and thorough documentat ion  be
p r o v i d e d  o f t h e  p r o c e s s by which the interpretat ions were
developed. This is particularly important for interpretations which
rely heavily on local expertise and judgement.  Interpretat ions  to
be made should be a part of the MOU  for the survey.

3. An attempt should be made to capture as much as possible of the
expert ise  and “ fee l ” for  the  so i l s  o f  the  survey  area  which  i s
developed by the soil survey party during the course of the survey.
Computer data storage and retrieval capabilities should allow this
to  an  extent  not  prev ious ly  poss ib le .  F ie ldnotes ,  t ransect  data ,
e t c . should all be saved.

4. The interpretations document should be updated, and republished,
as required to meet changing needs of the users of the survey and
to reflect changes in technology. Again, the process used to
develop  new interpretat ions  and the  l imits  o f  re l iabi l i ty  o f  the
data base must be fully documented.

5 .  Final ly , interpretations should never be developed or released
without an accompanying discussion of  the reliabil ity of  the data
base from which they were developed; and the logic process used in
their development.



WESTERN REGIONAL TECHNICAL WORK PLANNING CONFERENCE
FAIRBANKS, ALASKA
JUNE 18-22, 1990

Final Soil Quality Standards Task Force Report - 7/90

CHARGES

1. Explore kinds of standards that may be needed by NCSS cooperarors.
Consider a replacement soil quality standard for T in erosion equations
(e.g., soil loss tolerance).

2. Develop proposed guidelines for the development of soil quality
standards with close attention to terminology.

3. Develop a presentation for the ASA symposium on soil quality standards

DEFINITIONS

Soil quality standards - The stated quantitative or qualitative threshold
values for soil properties or conditions established to maintain or improve
the health, suitability or productive potential of a soil.

Soil quality standards provide a means of comparing the present condition.
of a soil with its inherent potential (or other reference) to fulfill a
specific function. Soil quality standards are different from, and should
not be confused with soil potential ratings or soil interpretations.

Soil productivity potential - The inherent capacity of a soil to support
the growth of plants, plant communities, or a sequence of planr
communities.

Soil hydrologic function - The inherent capacity of a soil to intake,
retain and transmit water.

Soil environmental health - The inherent capacity of a soil to absorb,
filter or degrade added chemicals, heavy metals or organic compounds.

KINDS OF SOIL QUALITY STANDARDS

The soil quality standards to be developed are organized below under categories
that relate to plant growth, water flow, and human and animal health and
safety. Some soil properties or conditions might apply to more than one land
use or category, although the threshold values may differ. The categories are
useful for helping to clarify the purpose or effects of specific soil
properties, conditions or thresholds.



Soil productivity potential - Develop soil quality standards for the
production of vegetation for the following uses:

Forestry
Grazing
Irrigated cropland
Non-irrigated cropland.
Other vegetation uses where healthy or productive vegetation is desired
(e.g., riparian areas, windbreaks, campgrounds, greenbelts, parks and
wilderness areas).

Soil hydrologic function - Develop soil quality standards for "Watershed"
purposes related to water quality and supply (e.g., municipal watersheds,
riparian areas, groundwater recharge areas, wildlands, and areas where soil
productivity standards are applied).

Soil environmental health - Develop soil quality standards for purposes
related to human and animal health and safety (e.g., pesricides, heavy
metals, atmospheric deposition, effluent, sludge, and salt).

DEVELOPMENT OF SOIL QUALITY STANDARDS
The development of soil quality standards follows a process of (1) setting
objectives, (2) identifying pertinent soil properties and conditions, (3)
selecting threshold values, and (4) determining the area to which the standards
apply.

1. Setting soil quality standard objectives. Soil quality standards serve
a stated purpose that is derived from laws, regulations. policy or
management  plans.

As a" example, in the Forest Service, legislation and implementing
regulations specified the need to maintain long-term land productivity and
not allow significant change or permanent impairment of the productivity of
the land. To satisfy these goals, Forest Service policy defines
significant change as a 15 percent reduction in inherent soil productivity
potential, which is used as a basis for setting threshold values for soil
properties or conditions. Fifteen percent was selected because variability
in non-soil related factors (insects, disease, plant physiology, etc.)
could account for up to about that amount of stand growth variation before
the effects of changes in soil properties or conditions could be
measureable in practical terms. This does not infer that a 15 percent
reduction in productivity is acceptable. It refers to a" amount where the
effects of changes in soil peroperties become measurable, and thereby
provide a signal to evaluate the need to modify management practices.
Establishing objectives for other uses might follow a similar rationale.
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The following are examples of goals and objective* for soil quality
standards:

Soil productivity potential

Goal: Maintain or improve long-term soil productivity

Objective: Changes in soil properties or conditions do not result in a
significant change in long-term soil productivity. This may be defined
as changes that cause no more than a 15 percent reduction in potential
for forestry, but may be defined differently for cropland, grazing, or
other vegetative growth.

Soil hydrologic function

Goal: Maintain or improve water quality and groundwater supply.

Objective: Change in soil properties or conditions does not cause a
significant increase in surface runoff.

Soil environmental health

Goal: Human and animal health, soil productivity potential and soil
hydrologic function are not adversely affected by t-he addition of
chemicals and organic compounds to the soil.

Objective: Change in soil properties or conditions does not
significantly reduce the capacity of a soil to adsorb, filter,
immobilize, or degrade added chemicals, heavy metals or organic
compounds. Or, the addition of chemicals, heavy metals or organic
compound* to the soil dies not prevent meeting soil productivity and
hydrologic function objectives.

2. Identifying pertinent soil properties and conditions: Soil properties
and conditions are selected on the basis of being those commonly affected
by management activities, and that when altered, directly or indirectly
relate to changes in soil productivity potential, soil hydrologic function
or soil environmental health. For practical reasons, the selected soil
properties and conditions and their threshold values should be observable
or easily measured. For simplification, they can be *elected to serve as
surrogates or indices of the status of other properties or conditions. For
example. changes in soil productivity potential (non-cropland for this
example) can occur due to compaction, puddling, displacement, erosion,
burning, loss of organic matter and others. To help shorten the list, soil
cover, soil porosity and organic matter (on and in the soil) can be used to
reflect the status of these and related soil properties and conditions.
Soil cover (living vegetation, rock fragments and surface organic matter)
can be used to reflect erosion status. Soil porosity status can be used to
indicate change in water and gaseous movement caused by compaction or
puddling. Surface organic matter status can be used to indicate potential
change in nutrient supply, soil organism habitat, soil moisture supply and
other physical and chemical properties caused by burning and other forms of

3



organic matter removal. Soil organic matter status can be used to indicate
potential change in nutrient content, moisture supply and compacrion
resilience caused by displacement (scalping, piling, etc.), erosion or
oxidation.

Examples of soil properties and conditions for the following uses:

Soil productivity

Forestry

Grazing

Irrigated cropland

Non-irrigated cropland

Other vegetation

Soil hydrologic function

Soil environmental health

The same soil property or
of soil qulaity standard.

Soil cover, soil porosity, surface and soil
organic matter.

Soil cover, soil porosity and soil organic
matter.

Soil organic matter, soil porosity
pH/salinity.

Soil cover, soil organic matter, and
porosity.

Soil cover, soil porosity, surface and
organic matter.

and

s o i l

s o i l

Soil cover (when present), soil structure
and/or soil porosity at soil surface (infers
infiltration).

Soil organic matter, pH and soil cover

condition may apply to more than one use or kind
HOWeVer, the threshold values may be different.

For practical application, the "umber of soil properties or conditions
identified for use should be kept to a minimum. Other "important" soil
properties or conditions might best be handled on a regional, MLRA or local
basis (e.g. soil moisture regimes changes).

3. Selecting threshold values: Threshold values are based on those
changes in soil properties and conditions that would result in not
achieving the stated soil quality objectives. For example, a threshold
value for porosity is equated as close as possible to a 15 percent
reduction in productivity. Threshold values are based on research and
current technology. It may be necessary in some cases, to base values on
limited knowledge and a Co"Se"SU* of professional judgement until
monitoring and research Cll" provide validation or better value.?.
Reactivation of the benchmark soil concept to guide monitoring and research
may be one way to help provide long-term refinement and verification of
soil quality standards.

Soil properties, conditions and thresholds should be selected so that they
can represent a variety of soils rather than specific kinds of soil. For
example, a soil quality standard for soil organic matter content for the
purpose of soil displacement (mechanical soil loss) might state, organic
matter content is at least 85 percent of its original total in the upper 12

I
1
I
I
I
I
I
I
I
I
I

I
I

I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

inches. This could apply to all soils regardless of organic matter
distribution. With this approach, a 15 percent loss in soil organic matter
might equate to a l/4 inch of soil for a "thin" A horizon and 1 inch for n
"thick" A horizon.

Examples of threshold values:

Soil COVer Soil cover is sufficient to prevent accelerated erosion
rates from exceeding soil formation rates over  time.

Sufficient cover may be defined by standard erosion models
and locally calibrated erosion hazard rating methods. T
values should be consistent: with the rate of soil formation
from bedrock for shallow and moderately deep soils and the
rate of A horizon formation for deep soils (see "Strategies
for Determining Soil-Loss Tolerance",E.B. Alexander,
Env.Mgt.. Vol. 12, No. 6, 1988 and "The Basis for Soil Loss
Tolerances". D.L. Schertz, Jour. of Soil b Water Cons.,
38:10-14, 1983).

Soil porosity Soil porosity is at least 90 percent of its natural
condition.

Incremental increases in bulk density does not necessarily
cause incremental decreases in plant growth. The
incremental effect is different for different plants, soils,
and environments. Increments of increase, based on a
percentage of the initial bulk density, actually become
greater in absolute value as the initial bulk density
increases. To set limits of allowable bulk denisty increase
that are responsive to effects on plant growth, the
increments of allowable increase should become smaller in
absolute value as bulk denisty increases ( A l e x a n d e r and
Poff, 1985. Soil Disturbance and Compaction in Wildland
Management. USDA, Forest Service, Pacific Southwest Region,
Earth Resources Monograph 8). This can be accomplished by
basing the allowable increments on decreases in total soil
porosity using the following formula.

Dbc-0.1 Dp + 0.9 Dbi

Where Dp is the mea" particle density, and Dbi and Dbc are
the initial and the compacted bulk densities. respectively.

Using this method, a 10 percent decrease in porosity
corresponds with: about a 20 percent increase in bulk
density for an initial density of 0.75; about a 15 percent:
increase in bulk density for a" initial density of 1.1; and
about a 10 percent increase in bulk density for an initial
density of 1.2.

The previous examples demonstrate how a single soil quality standard or
threshold value can be used to represent different kinds of soil. It may
not be possible to develop threshold values that would satisfy most users
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needs. I" these cases, threshold values may be established regionally,
locally or by MLRAs.

4. Determining the area to which the standards apply: It is not practical
for all land dedicated to a specific use to meet soil quality standards.
In order to conduct a land "se, it is usually necessary for some land to be
occupied by such things as landings, skid trails, stock driveways, or
bedding grounds. The minimum amount of land that should meet soil quality
standards should be suggested for each land use. This would be a suggested
minimum range to meet the spirit of land stewardship. Specific percentages
might vary slightly due to regional differences and ownership policies.
For example, at least 85 to 90 percent of the land dedicated to timber
production would be expected to meet soil qaulity standards. The 85
percent would apply to areas using ground based harvest systems and 90
percent would apply to aerial based systems.

SUGGESTED ORGANIZATION FOR DEVELOPING SOIL QUALITY STANDARDS

The development of soil quality standards should be a true National Cooperative
Soil Survey effort. NCSS should provide a visible national leadership role,
including bringing together others in interdisciplinary task groups.

Four interdisciplinary task groups could be organized in the following manner:

Soil Quality Standard Task Groups Leadership

Soil productivity
Forestry Group
Grazing Group
Cropland Group

Soil environmental health Group

Forest Service
Bureau of Land Management
Soil Conservation Service
University

Soil hydrologic function might begin with one task group and progress
through the others since it applies in each category. A coordinating
committee composed of the Chair from each task group and a national leader
(a real big shot, like a university administrator) could be formed to
"level" the rationale, define sideboards and task group composition (e.g.,
include EPA on soil env. health), work out schedules, and among other
things, promote the development and use of soil quality standards. Task
group composition would include representation from each NCSS cooperator as
appropriate. Soil scientists and other disciplines may be solicited from
other federal, state, university, groups or individuals as necessary.
Representatives from research should also be included (e.g.. ARS, Ag.
Experiment Stations, and Forest Service Research).

PARTICIPATING TASK GROUP MEMBERS

Bob Meurisse
George Staid1
Carol Wettstein
Roger Poff, Chair apparent
Chuck Goudey. Chair in absentia

6
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RECOMMENDATIONS

1. National NCSS priority be placed on adopting the concept, definition,
and categories of soil quality standards contained in this report.
Cooperators in the NCSS have the technical expertise and experience to
develop practical Soil quality standards that have a sound scientific
basis. It is important that the NCSS assume a leadership role in this
effort before other less qualified groups take the lead.

2. A national steering committee be formed to coordinate the effort. As
suggested in this report, the steering committee should assign four
interdisciplinary task groups to develop goal and objective statements,
select soil properties and conditions, and define threshold values that
might apply nationally for forestry, cropland, grazing, and soil
environmental health

3. Charge 3 be dropped. Individual papers on this subject are being
presented at a S-5/S-l  symposium on soil quality standards during the 1990
ASA meetings. A timely presentation from this task group was not possible.

7
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T a s k  F o r c e  o n  I n t e r p r e t i n g  a n d  D o c u m e n t a t i o n
SOI Is C h a n g e d  b y  M a n a g e m e n t

f o r  t h e
W e s t  R e g i o n a l  T e c h n i c a l  W o r k  P l a n n i n g  C o n f e r e n c e

F a i r b a n k s ,  A l a s k a
J u n e  1 8 - 2 2 ,  1 9 9 0

SUMMARY

E u g e n e  K e l l y ,  P r o f e s s o r ,  C o l o r a d o  S t a t e  Un
H. Ikawa, P r o f e s s o r , U n i v e r s i t y  o f  H a w a i i
R o n a l d  R .  H o p p e s , S t a t e  S o i l  S c i e n t i s t ,  C a
J a m e s  A .  Carley,  S t a t e  S o l  S c i e n t i s t ,  W a s h
M a y n a r d  A .  F o s s b e r g ,  P r o f e s s o r ,  U n i v e r s i t y
M a r k  J e n s e n , R e g i o n a l  S o i l  S c i e n t i s t ,  U S F S
J e r r y  Freeouf, R e g i o n a l  S o i l  S c i e n t i s t ,  U Si
Therman  S a n d e r s ,  B I A ,  N e w  M e x i c o
B i l l  Volk. BLM,  Montana

vet-s i ty

i f o r n i a
n g t o n
o f  I d a h o

Montana
S ,  C o l o r a d o

‘%ve S c h a f e r s m a n ,  B L M ,  N e w  M e x i c o
D i c k  P a g e ,  B L M ,  U t a h
M a r i o  Valverda, S o i l  S c i e n t i s t ,  W N T C ,  P o r t l a n d ,  O r e g o n
Colin V o i g h t ,  B L M ,  W a s h i n g t o n ,  D . C .
W i l l i a m  D .  B r o d e r s o n ,  S o i l  S c i e n t i s t ,  N S S C ,  L i n c o l n ,  N e b r a s k a
R o b e r t  8. G r o s s m a n ,  S o i l  S c i e n t i s t ,  N S S L ,  L i n c o l n ,  N e b r a s k a
R o b e r t  J .  A h r e n s ,  S o i l  S c i e n t i s t ,  N S S L ,  L i n c o l n ,  N e b r a s k a
C h r i s t o p h e r  C .  C o c h r a n ,  S o i l  S c i e n t i s t ,  T u c s o n ,  A r i z o n a
D a v e  R i c h m o n d ,  S t a t e  S o i l  S c i e n t i s t ,  A r i z o n a
N a t h a n  McCaleb, S o i l  Correlator, A r i z o n a
W i l l i a m  J o h n s o n ,  A s s t . S t a t e  S o i l  S c i e n t i s t ,  A r i z o n a

QbJective

G e n e r a l l y ,  soi I i n t e r p r e t a t i o n s  h a v e  c o n c e n t r a t e d  o n  t h e  n a t u r a l
soi I  c o n d i t i o n . Howavsr, a  N a t i o n a l  W o r k  P l a n n i n g  C o m m i t t e e
i d e n t i f i e d  f o u r  m a j o r  a r e a s  i n  w h i c h  m a n a g e m e n t  i n d u c e s  c h a n g e s  t o
soi I s  t h a t  a f f e c t  i t s  u s e : (a) s o i l s  c h a n g e d  b y  c r o p  m a n a g e m e n t ,
(2) s o i l s  c h a n g e d  b y  i r r i g a t i o n , (c) s o i l s  c h a n g e d  b y  d r a s t i c
d i s t u r b a n c e , a n d  (d) s o i l s  c h a n g e d  b y  d r a i n a g e . P h y s i c a l  a n d
c h e m i c a l  p r o p e r t i e s  m a y  changa  b o t h  t e m p o r a l l y  a n d  parmanently.

Our c h a r g e  i s  a s  f o l l o w s :

a . C o n s t r u c t  a  p l a n  t o  h a n d l e  uss d e p e n d e n t  t e m p o r a l  i n f o r m a t i o n
a t  a  l e v e l  o f  dstail s i g n i f i c a n t  t o  t h e  m a j o r  m o d e l s  f o r
e r o s i o n , c h e m i c a l  a m e n d m e n t  f a t e ,  e t c . .

b . D e v e l o p  p r o c e d u r e s  o r  f r a m e w o r k  t o  d o c u m e n t  t h e  s o i l  p h y s i c a l
a n d  c h e m i c a l  c h a n g e s  o r  modifccstions  t h a t  i n f l u e n c e  l o n g - t e r m
s o i l  b e h a v i o r  c h a n g e s .
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C.. D r a f t  a  s e c t i o n  f o r  t h e  N a t i o n a l  S o i l s  H a n d b o o k  t o  i m p r o v e
d o c u m e n t a t i o n  o f  m a n a g e m e n t  a l t e r e d  s o i l s  f o r  b o t h  w h e n  s o i l s
a r e  b e i n g  m a p p e d  a n d  f o r  w h e n  c h a n g e s  o c c u r  a f t e r  p u b l i c a t i o n .

T h e  t a s k  f o r c e  c o m m i t t e e  i s  m a d e  u p  o f  1 5  m e m b e r s  w i t h  a n
a d d i t i o n a l  4  a d d e d  b y  t h e  c h a i r m a n . F r o m  t h e s e  1 9  m e m b e r s ,  7
r e s p o n s e s  w e r e  r e c e i v e d . T h e  f o l l o w i n g  s u m m a r i z e s  t h e i r  c o m m e n t s
a n d  r e c o m m e n d a t i o n s :

It w a s  a l m o s t  u n a n i m o u s l y  a g r e e d  t h a t  t h e r e  s h o u l d  b e  s o m e
m e t h o d  d e v i s e d  t h a t  c o u l d  s e r v e  a s  a  t o o l  f o r  c o l l e c t i n g
t e m p o r a l  a n d  p e r m a n e n t  i n f o r m a t i o n  a b o u t  s o i l s . There w a s
a l s o  s o m e  concarn t h a t  i f  s o i l s  w e r e  n o t  t r e a t e d  a s  n a t u r a l
b o d i e s  a n d  m a p p e d  as s u c h , t h e  p o l y g o n s  c o u l d  b e c o m e
“ s t r a i g h t - l i n e ”  del i n e a t i o n s . I s  t h i s  a c c e p t a b l e ?  F o r
e x a m p l e , a r e a s  l e v e l e d  f o r  b u i l d i n g  p a d s  o n  s t e e p  s l o p e s ,
i r r i g a t e d  cropland  w h e r e  s a l i n i t y  h a s  b e e n  r e d u c e d  t o  a l m o s t
z e r o  a d j a c e n t  t o  r a n g e l a n d  t h a t  i s  v e r y  s t r o n g l y  s a l i n e ,
a n d / o r  t h e  c o o l i n g  o f  s o i l s  w h e n  t h e  v e g e t a t i o n  h a s  toan
r e m o v e d  ( f o r e s t e d )  c o u l d  h a v e  m a p p e d  a r e a s  d e l i n e a t e d  a l o n g
s t r a i g h t  f i e l d  o r  area b o u n d a r i e s , p e r h a p s  w i t h i n  a  larger
area w i t h  n a t u r a l  c u r v e d  b o u n d a r i e s . B e c a u s e  o f  t h e  m a n y  a n d
v a r i e d  t y p e s  o f  c h a n g e s  t h a t  c o u l d  o c c u r ,  e i t h e r  t e m p o r a l l y ,
p e r m a n e n t  o r  b o t h , i t  i s  i m p o s s i b l e  f o r  t h i s  c o m m i t t e e  t o
c o v e r  t h e m  a l l ,  t h e r e f o r e , I  a m  a t t a c h i n g  a  c o p y  o f  t h e
n a t i o n a l  t a s k  f o r c e  c o m m i t t e e  r e p o r t  w h i c h  d i d  a n  o u t s t a n d i n g
J o b  o f  a d d r e s s i n g  m a n y  o f  t h e  d i f f e r e n t  s i t u a t i o n s  t h a t  e x i s t ,
b u t  b y  n o  m e a n s  a l l  o f  t h e m . T h i s  r e p o r t  d i s c u s s e s  e a c h
p a r t i c u l a r  s i t u a t i o n  i n  m o r e  d e t a i l . H o p e f u l l y ,  t h e  d:il:a
p r e s e n t e d  h e r e  w i l l  t r i g g e r  n*w ideas o f  h o w  t o  r e s p o n d  t o  o u r
t a s k  f o r c e  c h a r g e .

1 . C o n s t r u c t  a  p l a n  t o  h a n d l e  u s e  d e p e n d e n t  t e m p o r a l  i n f o r m a t i o n
a t  a  l e v e l  o f  d e t a i l  s i g n i f i c a n t  t o  t h e  mayor m o d e l s  f o r
e r o s i o n , c h e m i c a l  a m e n d m e n t  f a t s ,  e t c .

a . O n e  m e t h o d  w o u l d  b e  t o  h a n d l e  t h e  i n f o r m a t i o n  i n  t h e
m a p p i n g  u n i t  d e s c r i p t i o n  o f  t h e  s o i l  h a n d b o o k . S i n c e  a l l
o f  a  m a p p i n g  u n i t  or ev*n all Of o n e  p o l y g o n  o f  a  m a p p i n g
u n i t  m a y  n o t  b e  a f f e c t e d  b y  c h a n g e s  c a u s e d  b y  m a n a g e m e n t
t e c h n i q u e s  o r  p r a c t i c e s , t h e  c o n d i t i o n s  t h a t  e x i s t  under
n a t u r a l  s t a t e  s h o u l d  b e  d e s c r i b e d . It c a n  t h e n  b e  s t a t e d
t h a t  i f  t h i s  n a t u r a l  c o n d i t i o n  i s  a l t e r e d  ( l a n d  l e v e l i n g
l e a v i n g  c u t  a n d  f i l l  a r e a s ,  l e a c h i n g  o f  s a l t s  v i a
i r r i g a t i o n , i n c r e a s i n g  pH b y  c o n t i n u o u s  a d d i t i o n s  o f
I ime, e t c . )  t h e n  n e w  c o n d i t i o n s  b e c o m e  o f  c o n c e r n . F o r
e x a m p l e ,  c o n s i d e r  t h e  f o l l o w i n g  s t a t e m e n t s  i n  a  m a p p i n g
u n i t  d e s c r i p t i o n .

“ T h e s e  s o i l s  a r e  n a t u r a l l y  v e r y  s t r o n g l y  saline
t h r o u g h o u t  a  6 0  i n c h  p r o f i l e . H o w e v e r , w h e n  p u t  i n t o
cropland  a n d  i r r i g a t e d ,  t h e  s a l i n i t y  l e v e l  c a n  b e  reduced
f r o m  5 0  m m h o s  c o n d u c t i v i t y  t o  as l o w  as 1  m m h o s
c o n d u c t i v i t y . T h i s  v e r y  l o w  s a l i n i t y  c a n  b e  m a i n t a i n e d
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b y  p r o p e r  i r r i g a t i o n  w a t e r  m a n a g e m e n t . I f  m a n a g e m e n t  i s
n e g l e c t e d  o r  i f  a r e a  i s  n o t  c r o p p e d ,  t h e  s a l i n i t y  l e v e l s
c a n  r e t u r n  t o  n e a r  i t s  n a t u r a l  c o n d i t i o n . ”

T h e  concensus  i s  t h a t  t h e  W e s t  T e x a s  p r o g r a m ,  d e s c r i b e d
b y  t h e  N a t i o n a l  T a s k  F o r c e , i s  g o o d  b u t  i t  a p p e a r s  t o  b e
more  r e s e a r c h  o r i e n t e d .

2 . D e v e l o p  p r o c e d u r e s  or f r a m e w o r k  t o  d o c u m e n t  t h e  s o i l  p h y s i c a l
a n d  c h e m i c a l  c h a n g e s  o r  m o d i f i c a t i o n s  t h a t  i n f l u e n c e  long-t+,rn
s o i l  b e h a v i o r  c h a n g e s .

T h i s  i s  p r o b a b l y  t h e  h e a r t  o f  t r e a t i n g  t e m p o r a l  a n d / o r
p e r m a n e n t  c h a n g e s  a s  a  r e s u l t  o f  m a n a g e m e n t ,  a n d  t h e  easiest
t o  o v e r l o o k . W e  t e n d  t o  r e c o r d  soi I informatlon  a t  a  specific
p o i n t  i n  t i m e , w i t h o u t  r e g a r d  t o  w h e t h e r  i t  i s  t e m p o r a r y  o r
p e r m a n e n t . If t h e r e  i s  a  m e t h o d  w h e r e b y  t h e  c h a n g e s
( a l t e r a t i o n s  o r  d i s t u r b a n c e s )  c o u l d  b e  i d e n t i f i e d  a n d  r e c o r d e d
a n d  a l s o  h o w  t h e  c h a n g e ( s )  a f f e c t  classification  and
use/managemsnt.

T h i s  c o u l d  b e  a c c o m p l i s h e d  b y  t h e  u s e  o f  a  m o d i f i e d  SCS-FORI’
2 3 2  o r  s o m e  o t h e r  f o r m . T h e  m a i n  t h i n g  i s  t o  d e v e l o p  a  f o r m
t o  r e c o r d  t h e  d a t a  - o n e  t h a t  i s  s i m p l e  y e t  c o m p l e t e .
A t t a c h e d  a r e  t h r e e  er.amples  ( E x h i b i t s  A ,  8, a n d  C) o f  a  f
t h a t  a d d r e s s e s  t h i s . T h e s e  a r e  c e r t a i n l y  n o t  c o m p l e t e  b u t
d o e s  r e p r e s e n t  a  s t a r t . W e  s u g g e s t  f o r m s  b e  p r e p a r e d ,  s i m i l a r
t o  t h e  a t t a c h e d  e x a m p l e s , f o r  u s e  i n  c o l l e c t i n g  d a t a .  T h e
f o r m  d e v e l o p e d  s h o u l d  b e  a  c o m p a n i o n  t o  t h e  c u r r e n t  Pedon
D e s c r i p t i o n  P r o g r a m  f o r m . E x h i b i t s  D ,  E, a n d  F  a r e  e x a m p l e s
o f  c o m p l e t e d  f o r m s .

3 . D r a f t  a  s e c t i o n  f o r  t h e  N a t i o n a l  S o i l s  H a n d b o o k  to i m p r o v e
d o c u m e n t a t i o n  o f  m a n a g e m e n t  a l t e r e d  s o i l s  f o r  b o t n  w h e n  s o i l s
a r e  b e i n g  m a p p e d  a n d  f o r  w h e n  c h a n g e s  o c c u r  a f t e r  p u b l i c a t i o n .

T h e  N a t i o n a l  S o i l  S u r v e y  I n t e r p r e t a t i o n s  S t a f f  h a s  b e e n
w o r k i n g  o n  t h i s  s u b j e c t . T h e  a t t a c h e d  E x h i b i t  G  i s  a  d r a f t  o f
o n e  p r o p o s a l  t o  a d d r e s s  t h i s  c h a r g e .
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(h) Published  s o i l  survry information m a y  he rrviscd. o r  n e w
i n f o r m a t i o n  addrd  10 raction  I I  o f  thQ FWC  nnd t h e  computcrizcd  State
soil survey dnrabasr based on user need nnd demand.

P\\l>liShrO  s o i l  s~rvry information  In t h e  form uf maps.
intcrprernt ioxls and lrxt m a y  b e  a d j u s t e d  aft,cr publirRtlon. The

ndiustcd  jnformal.ior\  i s  bnsed o n  need f o r  CIXQ  rvvircd informarlon  wrrd
~ha demand to develop  new i n f o r m a t i o n . The S o i l  C0nscrva110n  SCWiCQ

tSCS)  a l o n g  vit~h  o t h e r  covperarors  in the N a t i o n a l  Couperrtive  S o i l
S u r v e y  (NCSS) is responsible for  d ispens ing  r e l i a b l e  a n d  useful so i l
suwey iofornmtion. The  p u b l i s h e d  i n f o r m a t i o n  i s  Sdjurtcd  or new
informaLiOn is dewlopQrl b e c a u s e  o f  S change  i n  ubQ5  nQeds.  marragem~nc
inrlucvd change. rhnnyr in mapping conc*yrs. incol~risconcit!S  i n  prQviuuS

wpp1np.:  or chonp.rs  in axlwcccd  roil b e h a v i o r . Soi l  survey  In~ormatiol~
i s  par! of the tar:hnical assisranre  given  to  soil c o n s e r v a t i o n  districl

cooperators and as such should bc reliable and useful.

. -
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OBJECTIVES
The charge put forth to this task force was to

present the best ideas, thoughts. concerns and possible
directions that would be useful in guiding soil  survey
in the years a h e a d . Comments and recommendations are
designed to assist in the planning and implementation
process by creating awareness. supportIng allocations
and appropriations. maintaining the solid foundation of
our science, and improving the innovative and creative
ways of bringing our knowledge to chose who need it a n d
are able to effectively utilize it in making wise use
o f  our teso”rces.

1. Soils Changed by crop management

A. Erosion or overvash effects.
All too cowu~onlv  discussiolj ol e r o s i o n  e f f e c t s  011

soils doesn’t get much beyond concluding that erosion
is bad. Erosion is undesirable. and control  thereof
should a lways  be  a  pr ior i ty . b u t  we ~IN!SC  a l s o  eva111ate



I
”

Ikind and degree of  erosion effects much more thorough!y
than has bee.” the practice.

Resource  use  potent ia l  i s  a  funct ion  o f  what is
left  rather than how it  came to be so. How I: came to
be  so  i s  re levant  to  understanding  how curren: soi!s
relate to each other and to understanding vhar wil!
h a p p e n  to other soils  i f  allowed to erode. Fence !ec’s
be  d i l igent  to  reta in  the  conceptual  re lat ionship
becveen  eroded and uneroded soils which were once much
a l i k e , but focus on what is left vhen at tempt ing  to
evaluate  a n d  m a n a g e  the eroded soil ,  rather than just
on  the  fact  that  i t  i s  eroded .

Consider. at one extreme. a  s o i l  vhich i n  i t s
undamaged state has a high quality A horizon underlair.
by a” adverse B hor izon . A” example would be the
C l a r e n c e  s o i l s  (Aquic  A r g i u d o l l s ;  f i n e .  i l l i t i c .  mesic)
of east central Illinois. Clarence typically has a
s i l ty  c lay  loam surface  r i ch  in  organic  matter .
underlain by a silty clay 8 hor izon  (average  c lay
c o n t e n t  of the contro l  sect ion  i s  50  to  60  percent ) .
When Clarence erodes, not only do you loose a high
quality A horizon. but the underlying B hor izon
mater ia l  i s  so  h igh  in  c lay  that  the  so i l  i s  no  longer
sui tab le  for  cow crop  agr icu l ture  once  the  A hor izon  i s
gone. The damaged soil is not rebuildable under
current  technology . s h o r t  of h a u l i n g  new topso i l  in .

The  on-s i te  consequences  of erosion are q u i t e
d i f ferent  f rom the  above  on  so i l s  l ike  Fayette  ser ies
(Typic  Hapludal fs :  f ine -s i l ty ,  mixed ,  mesic). Fayette
has  a  rather  mediocre  s i l t  l oam sur face ,  re lat ive ly  low
in organic matter and a silty clay loam 8 horizon. The
Fayette A horizon is vorth trying to save, but the
c o n s e q u e n c e s  of l o s i n g  it  are not nearly as serious as
losing the Clarence A . Exposure of the Fayette B
horizon to the surface through erosion vi11 degrade the
tilth and make management somewhat more difficult than
on the u n e r o d e d  F a y e r t e . Even when all of the A
horizon is gone. however, o n e  i s  s t i l l  l e f t  u i t h  a
q u a l i t y  s o i l . Erosion does damage Fayette. but unlike
eroded Clarence. e r o d e d  F a y e r t e  vi11 still be a
productive soil  which ca” be improved over time through
careful management.

Many soils fai! snmevhere  between those two
extremes  in  terms o f  the  way they are arfectrd bi,
erosion. In all  cases erosion control must be 3
pr ior i ty  concern .  both  because  o f  e f fec ts  on  the  so i l
and  because  o f  o f f - s i te  e f fec ts .  Di f ferent  control
strateg ies  might  be  appropr iate  for  the Above two
s o i l s , however. a n d  m o r e  attcnrion  to the va:r  in  which
i n d i v i d u a l  s o i l s  are a f f e c t e d  by erosio!~ ~111 !~l!t
c o n s e r v a t i o n i s t s  in a position to d*?vise the  most
e f f e c t i v e  rtrategy  Car c3ch s i t e .

C h r i s  Smlc,,  r?n:~i-kerj that :ic n.:ed L_, ‘.;=~:rion .?nd
0 1 i i c i a 1 1 ‘.- ac L;nc~i~l  f d b;e t t)a L c rc s i 01 i < 5 I I,’ :~ 5 I :1 ‘: 5
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negat ive  as  far as  on-s i te  cons iderat ions  are
concerned. Of f - s i te  i s  another  matrer. Ue must define
w h y  ‘we are concerned with erosion in our d iscuss ions .

S i m i l a r  p r i n c i p l e s  a p p l y  f o r  the “ffecrs of
overuash. Overwash which is high quality material
might not detract from and could even improve  so i l s ,
thouqh ic m i g h t  d e s t r o y  t h e  cro: w h i c h  i s  t h e r e  a t  t h e
t:re rhe overuash  i s  de l ivered  and  render  the  area
temporarily incapable of  supporting machine traffic.
Low q u a l i t y  overwash. such as excessively sandy
mater ia ls . vould degrade any soil  whose properties were
s u p e r i o r  t o  t h a t  o f  rhe overvash.

B. Changes in soil phys ica l  propert ies .

1. Compaction due to tillage and machine  tra f f i c .

2. E f f e c t s  o f cropping  on  so i l  s tructure . There

C .

seems to be a need to identify under what con-
d i t i o n s  s o i l  p r o p e r t i e s  e x i s t . Example - bulk
densi ty , organic matter. e tc .  should  be  t ied  to
cropping systems.

Cha”ges  in  so i l  chemical  and b iochemical  propert ies .

1. Effects of  tillage and cropping .
Warren Lynn remarked that pH changes the

sui te  o f  organisms that  populare  the soil .
Clear ing  and cul tural  pract i ces  change  so i l  layer
organism populat ions ,  i e .  earth  vorms. fungi and
bacterial population changes.

2. Effects of  l iming and fertil izer usage on chemical
propert ies .

Del  F a n n i n g  reports that liming is causing
convers ion  o f  some Ultiscls to Alfisols.  which  he
r e f e r s  to as  cul tural  Alfisols.1 Some
Dystrochrepts  are  a lso  be ing  converted  to
Eutrochrepcs.

Dave  Lewis  reports  that additions of  NH&+
based  fer t i l i zer  i s  l ower ing  pH leveis i n  N e b r a s k a
s o i l s . Calcareous zones have also moved  into
d e e p e r  l a y e r s This  has  a lso  been ident i f i ed  in
Oklahoma and needs  to be looked a~ a l ittle more.
The  idea  o f  rec lass i fy ing  rhose  arcas has  bee”
c o n s i d e r e d .  bki: n o r  d o n e  JC presen:.

C h r i s  S m i t h  rnmarked char /perrn~“e”r c h a n g e s



Increase of saline/alkali soils in Montana
and ND seem to be in areas where falloved  land
exists . Irrigation may decrease this salinity.

Subsidence of organic soils caused by drainage and
cropping.

Aeration resulting from drainage and tillage
of organic soils for crop production accelerates
decomposition of organic matter. The resulting
shrinkage can lover the surface to where the
drainage system must be deepened, and can deplete
the organic soil vhere it is relatiSely  thin over
mineral material. The rate of shrinkage can be
reduced by periodic flooding, or by carefully
maintaining the water table at the minimum depth
needed for each time period.

Subsidence in other soils where the
dissolution of gypsum. carbonate and the melting
of ice lenses occur is of major importance to
recognize.



Hanagement  re lated  temporal  propert ies .
Bob Grossman argues for the need to construct

a plan to handle use-dependent temporal
information  at  a  l eve l  o f  detaii  s i g n i f i c a n t  to
the major models for erosion. chemical amendment
iate. etc.  Should these characteristics  be m o d e l e d
f r o m  i n v a r i a n t  propert ies  to  the exc lus ion  o f
ceasurement a n d  g e n e r a l i z a t i o n  of ci~ese

‘measurements in standard soil  survey output? We
have measuremen t  procedures for crust.  roughness.
coyer. e t c . Bulk density of  the tillage zone
changes through the cropping season. Grossman and
Pringlekhave  reported on a program in West Texas
that provides much more information on bulk
density and other quantities.

A veil developed use-dependent temporal data
system could reduce the variability commonly
assoc iate  with  indiv idual  so i l s  by  separat ing  out
the effects of season and management. Soil
property values relevant to a particular process
or problem could be derived for the  part i cular
time and use conditions appropriate. In summary.
the idea is to confine data to specif ied time and
use conditions in order to enable greater
s p e c i f i c i t y .

G. Surface horizon thickening or organic matter
enrichment by long-term agriculture.

How many cultivated soils in the US a n d
elsewhere have anthropic epipedons! How should
they  be  c lass i f ied . Del Fanning suggests that
they should be placed in Hollisols.  though they
a r e  now exe luded

The c lass i f i cat ion  o f  Anthropic  ep ipedons  as
Mollisols  should be made only if  other soil
propert ies  c lass i fy  as  Mol l i so l . John Whitcy
remarked that the Anthropic epipedon definition in
Soil  Taxonomy is not correct. I t  “as :’ ggesred
t h a t  the  P  facror.of 2 5 0 p p m  i s  off  by 2 f ac to r 4
10 or so, but that no data exisrs zo determine
vhat the  leve ls  should  be . Anthropic epipedons
could apply to areas where s.1;dge and chicken
manure are added.

I i . Soils changed  by  i r r i g a t i o n .
A. Cut  and  f i l l  e f fec ts  o f  grading a n d  l e v e l i n g  .?:e

considered under disturbed sc:ls.

5. Chemical  and  phys ica l  e f fec ts  rc:ared to qualit,:
o f  i r r igat ion  water .
I . Accumulat ion  o f  solub!c salKs.
2. E l e v a t e d  pH and consequent  micronutrienr

e f f e c t s .
3. Dispers ion  o f  so i l  c!:,.:s.

3s3



C . I r r i g a t i o n  r e l a t e d  s o i l  p r o f i l e  modilication.
1. Translocat ion  o f  so i l  const i tuents  by

irrigatron  water.
2. irrigation  induced  organic  mactec  enrichmenc~

D. Wind erosion damage on irrigated soiis

E. Ef fec ts  on  so i l s  o f  f l ood ing  for  r i ce  product ion
(Contributed by Dr. Ii .  Don Scott.  University of
Arkansas)

Flooding  o f  so i l  resul ts  in  changes  in  severa l
s o i l  p h y s i c a l , chemical and microbiological properties
that influence the quality of  a soil  es a medium for
p l a n t  grovth. The nature.  pattern, and extent of  the
changes depends on the physical  and chemical p r o p e r t i e s
of the soil  and the duration of  submergence. Flood.ed
or waterlogged soils have high water contents,  and as a
result.  have restricted gas exchange between the soil
and the atmosphere. The amounts of oxygen and nitrogen
in  so i l  ace  r o u g h l y  i n v e r s e l y  p r o p o r t i o n a l  to the s o i l
water  content on a volume basis,  and thus, waterlogged
soils  are charac ter ized  by  the  absence  or  near  a b s e n c e
of oxygen and nitrogen. Flooding, t h u s  r e s t r i c t s  s o i l
a e r a t i o n . resulting in depressed oxygen and nitrogen
avai lab i l i ty  to  p lant  roots  and so i l  microorganisms.

Under f looded conditions in the f ield,  oxygen and
nitrogen are gradually reduced by downward transport in
the soil profile with the moving water. upward movement
through bubbles, and by extrac t ion  by  p lant  root s .
nodules and soil  microorganisms. I f  the  so i l  conta ins
suf f i c ient  organic  matter  and is  microbio log ica l ly
a c t i v e , waterlogging will  be followed by t h e
d i s a p p e a r a n c e  of oxygen and the reduction of the  so i l .
T h e  rate  of  reduction is directly related to the amount
of fresh organic matter present.  soil  temperature.
microorganism and plant root activity,  soil  chemical
Status. a n d  the duration of  the f looded condition.
Oxygen diffusing into a flooded soil may b e  c o n s u m e d  a s
d result of (i) m i c r o b i a l  r e s p i r a t i o n  w h e r e  i t  i s  u s e d
as  an  e lectron  acceptor . (ii) chemical  ox idat ion  oi
reduced  ions  such  as  Fe  and Hn. ( i i i )  b io log ica l
o x i d a t i o n  o f  NH6  a n d  c a r b o n ,  a n d  (~1 oxidsclon  of
s u l f i d e s . Given  suf f i c ient  f l ood  durat ion  :hese
processes  resul t  in  t h e  d e v e l o p m e n t  o f  a n  o x i d i z e d
layer  at  the  so i l  sur face . T h e  t h i c k n e s s  oi ~11;s  l~,:e:
represents  a balance betwen oxygen d i f fus ion  into  ine
soil and its consunlpcion  chemical ly  a n d  b i o c h e m i c a l l y .

F looding  a lso  a f fec t : the thermal properties oi
t h e  s o i l . Saturated  s o i l  h a s  h i g h e r  a l b e d o  v a l u e s .
h e a t  c a p a c i t i e s . thernrsl conduccivities  and thermal
diffusiviries. Llsuel!y wet s o i l s  arc ccolsr  t h a n  Irv
s@j I s  w!lich  impacts  ttle r~:i!~es o f  g a s e o u s  ~ransporr.



<chemical and bicchemical  changes .  re lease  o f  “utc:e”ts.
production of physiologically active organic compounds.
a n d  p l a n t  g r o w t h .

Prolonged flooding destroys soil  structure by
d:sr,upting  the aggregates. The breakdow  of aggregates
is s resul t  o f  reduct ion  in  cohes ion  with  the  increase
1” vater  content . de f locculat ion  o f  c lay  as  a  resul t  o f
dily:ion  o f  the  so i l  so lut ion ,  pressure  o f  entrapped
air.  stresses caused by uneven svelling. and
destruction of cementing agents. Flooding decreases
water movement in soils of low permeability because of
d ispers ion  o f  so i l  part i c les ,  swel l ing  aggregate
destruct ion , and perhaps clogging of  pores by microbial
s l ime. In  nonswel l ing  so i l s ,  f l ood ing  increases
internal drainage by increasing hydraulic conductivity.
Flooded soils are characterized by increased
concentrat ions  in  the  so i l  so lut ion  o f  reduced  i o n s
s u c h  a s  Fez+. HnZ+. NH4+. a n d  S Z - . These ions
subsequently become more available for plant uptake.
The physical-chemical status of  a f looded soil  system
has been characterized by the oxidation-reduction
p o t e n t i a l  (Eh) which is a measure of t h e  e l e c t r o n
a v a i l a b i l i t y . Values of Eh are dependent on soil
properties such as ptl. Fe and Mn content .  and  prev ious
history  o f  anaerobios is . In general,  reduction
increases .ss Eh decreased. Hovever, due to the
c o m p l e x i t i e s  o f  s o i l s . the relation between Eh and
elemental concentration is not unique.

Frequently. under anaerobic conditions organic
substrates are not decomposed completely to carbon
diox ide . Incompletely oxidized intermediate and end
products  can .  there fore , accumulate in waterlogged
s o i l s . These compounds, which  inc lude  lact i c  ac id ,
e thylene .  e thanol , acetaldehyde  and a l iphat ic  ac ids .
may be present in abnormally high concentrations under
anaerobic conditions and may affect plant grovth.

Warren Lynn added that wetland rice cultural
pract i ces  internat ional ly  and domest ica l ly  may d i f fer .
An internat ional  so i l  corre lat ion  meet ing  to  be  ?eld in
Louisiana and Texas will  be scheduled in 1990.

III. Soiis changed by  drast i c  d is turbance .

A. Deep  r ipp ing  or plowing.
Various forms of  deep tillage  have beeli

pract i ced  “n extensive areas in some regianr. The
ef fec ts  ore  in  scme i n s t a n c e s  primaci!!
disrupr.ion.  :enporary  o r  p~rmJ”e”t.  o f  roil
llor :2on:, such as d,lripans.  Varying  ~:nou”rs  uf
mixing.  o f  m a t e r i a l  awollg  h o r i z o n s  i s  *Iso i:kclv.
and in some ins:ances t h e  mixing is such thtt
diagnost i c  hor izons  are  ob l i terated .

50:: I).,I ~“~:c:Kc  cilzcts.



Taxonomic  s i g n i f i c a n c e .

The 1957 NTWPC in New Orleans recorwnended
that :

Soils ;,irh o r i g i n a l  d i a g n o s t i c .  h o r i z o n s  m i x e d
by r i p p i n g , d e e p  p l o w i n g .  e t c . ,  sufficienti:<  to
destroy  the original normal sequence. but not to
Lhe extent that the fragments or parts of  the
hor izons  can  no  longer  be  ident i f i ed ,  will be
c lass i f ied  in  the  suborder  Arents of  the order,
E n t i s o l s .

1. The soils are to be recognized as Named soils
and c lass i f ied  with  ex is t ing  or  new ser ies .

2. Naming of mapping units vi11 follow
conventions presently in use.

3. The position of  fragments of  diagnostic
hor izons  with in  the  so i l  pro f i l e  and the  natu re  o f
these fragments should be considered as ciiteria
f o r  s o i l  s e r i e s .

4. The  geographic  extent  o f  Arencs  is to be
limited to the areas where disturbance or mixing
o r i g i n a l l y  o c c u r s .

8. C u t s  a n d  f i l l s  re lated  to  f i e ld  l eve l ing  or
c o n s t r u c t i o n .

(The following draws heavily on Terry Cook’s
COlNW”CS).

On fairly level lands on the West Coast.
extensive areas have been leveled using laser
equipment  to  es tab l i sh  dead  f la t  f i e lds .  Wet b a s i n
land areas originally having native salt grass
species and wet land vegetation has been drained.
reclaimed, and  indiv idual  f i e lds  leve led ;  l eav ing
chick  cut  and f i l l  areas .  These  so i l s  today  are
not salty and have been completely reshaped from
their  nat ive  s tate .

I n  m o d e r a t e l y  t o  s t r o n g l y  s l o p i n g  O - 1 5  o r
2321 e x t e n s i v e  areas  w i t h  a b r u p t  argillic
h o r i z o n s .  ducipans.  etc . .  within  a depth  o f  LO
inches. h a v e  b e e n  l e v e l e d  t o  ~1: slcues.  Tne
r e s u l t s  a r e  O - 1 5  f o o t  Cuts a t  o n e  E:I:!  cf 3 f i e l d .
p o s s i b l y  o n l y  mirror alterArion  iii :i:e center.  a n d
~:p LD >15  f o o t  f i l l s  at the or&:- +rld  o f  t h e
;Irld. \Jhen dur ipans  have  SLFII destro;ed.
r?wuved, and  depos i ted  over e:<tens~ve  areas:  the
c l a s s i f i c a t i o n .  i n t e r p r e t a t i o n s .  nr,d use a n d
~ua~~agemenr  that h a v e  b e e n  ~;sed  in !.hr p a s t  a c e
i r r e l e v a n t .  N e w  crircris ntaed :o be deveioped  LO
:itrnirll rhe LISZT  of SOLI CLITC‘Y. ::;f<Trrlr..,cicl?  with



a d e q u a t e  d a t a  to prcvlde  p r o p e r  p l a n n i n g
a l t e r n a t i v e s .

A n o t h e r  part o f  ‘ s h a p e d  s o i l s ’  are t h o s e
a r e a s  o f  s o i l s  o n  s l o p e s  o f  >15X u p  to .50f that
are cut and f i l led  for  housing pads. T h e s e  a r e a s
h a v e  b e e n  c u t  to s e v e r a l  f e e t  i n t o  t h e  b e d r o c k  o r
c o n s o l i d a t e d  m a t e r i a l  a n d  t h e n  f i l l e d  to m a k e
!evel p a d s  f o r  b u i l d i n g  s i t e s .  T h i s  p r a c t i c e  t a k e s
p l a c e  i n  o t h e r  c o u n t r i e s  a s  t h e y  cut t e r r a c e s  o n
very S t e e p  s l o p e s  t o  gro” l o c a l  c r o p s .  s u c h  a s ,
r i c e .  b e a n s ,  cassava.  e t c . As an example. much oi
t h e  i s l a n d  o f  J a v a  i n  I n d o n e s i a  h a s  b e e n
m a n i p u l a t e d  b y  t e r r a c i n g . T h e  d e s c r i p t i o n  o f  t h e
s o i l s . c r i t e r i a  f o r  i n t e r p r e t a t i o n s .  a n d  s o i l
b e h a v i o r  i s  t o t a l l y  d i f f e r e n t  t h a n  -old
t r a d i t i o n a l ’ m e t h o d s  or p r o c e d u r e s .

C o n s t r u c t i o n  r e l a t e d  c u t s  a n d  f i l l s  p r o d u c e
c o n d i t i o n s  very s i m i l a r  t o  t h o s e  f o l l o w i n g  s t r i p
m i n i n g .  w h e r e  s i m i l a r  g e o l o g i c  m a t e r i a l s  end u p
e x p o s e d  t o  t h e  s u r f a c e .

S o i l  p e r f o r m a n c e  e f f e c t s .



Taxonomic s i g n i f i c a n c e

The 1967 NTWPC  in New Orleans recommended
that :

S h a p e d  s o i l s  s h o u l d  b e  c o n s i d e r e d  a s  p h a s e s
cf soil taxonomic u n i t s  r e s u l t i n g  f r o m  szncorhing.
l e v e l i n g , and grading in which:

.4 Diagnost i c  hor izons  required  with in  pedons
have not been destroyed or interrupted. or

B. Diagnostic horizons have not been buried to
depths of more than 20 inches.

The use of  shaped phases of  soils.  because of
present  s tandards  and cr i ter ia  for  so i l
c l a s s i f i c a t i o n , wi l l  there fore  be  l imited  in  mcst
instances  to  the  so i l s  in  orders  in  vhich
smoothing, grading, or leveling operations are not
apt to destroy features diagnostic for any of  the
soils involved in more than 50 percent of  the area
under consideration.

For materials consisting of mechanical mixtures of
sola and parent materials from soils without
discernib le  f ragments  of diagnost i c  hor izons ,  and
art i f i c ia l  f i l l s  vich n o  d i a g n o s t i c  h o r i z o n s  o r
buried diagnostic horizons if  they are buried
deeper than 20 inches. or i f  they are buried to
depths between 12 and 20 inches and the thickness
o f  the  bur ied  solum is less than half  the
thickness  o f  the  over ly ing  depos i ts .  they
recommend:

. . . be classif ied in the Fluvent a n d  O r t h e n t
suborders of  the order Entisols.

A. The soils are to be recognized as Named soils
and c lass i f ied  with  ex is t ing  or  new so i l  ser ies  i f
c h a r a c t e r i s t i c s  e n a b l e  c l a s s i f i c a t i o n  a t  t h i s
leve l  o f  the  system.

B. Naming of mapping units ullt iollw
conventions presently in use.

The 1967 committee recommended exe ixding
hauled  (moved)  mater ia ls  f rom Arents.  but did nor
s p e c i f i c a l l y  p r o v i d e  J p l a c e  f o r  :ncse uh:ch !~!a!
have ‘d iscernib le  f ragments  o f  diagncs:ic
h o r i z o n s . ’

T h e  1 9 6 9  ccrmllitree  mee:ing  in Char!eston.
South Carol ina. b a s i c a l l y  c o n f i r m e d  the poslcion
of the 1967 ~CI!ILIIIIZL~~. but added that hecer<,genous
e a r t h y  ma~eria!  with ;I .alde range oi :e::t~~:e
.?nd/oi~  o t h e r  characrerisrics.  fro~li  cuz .??<I  i:!l ,)r



o t h e r  o p e r a t i o n s . b e  t r e a t e d  a s  a  m i s c e l l a n e o u s
l a n d  t y p e  l a t h e r  t h a n  a t t e m p t i n g  t o  c l a s s i f y  t h e m .

C .  L a n d f i l l s .
L a n d  fl;;s have s o m e  s i m i l a r i t i e s  t o

c o n s t r u c t i o n  fi 1:s a n d  m i n e  s o i l s .  b u t  d i f f e r
b e c a u s e  o f  t h e  b u r i e d  r e f u s e .  D e c o m p o s i t i o n  o f  the
r e f u s e  O v e r  r i m e  c o m m o n l y  c a u s e s  d i f f e r e n t i a l
s e t t l e m e n t  at r h e  s u r f a c e . Seepage  f r om the  fiils
i s  a l s o  c o m m o n l y  c o n t a m i n a t e d  b y  m a t e r i a l s  f r o m
t h e  r e f u s e . G e n e r a t i o n  o f  v o l a t i l e  g a s e s  i s
c o m m o n  o n  t h e s e  s i t e s  a n d  c a u s e s  a n  e x p l o s i o n
hazard  in  any  s t ruc tures  bu i l t  on  them whi ch  can
c r a p  t h o s e  g a s e s .

D. L a n d  c o n s t r u c t i o n  vith dredged  mater ia l s  o r  l and
e x p o s u r e  t h r o u g h  d i k i n g  a n d  d r a i n a g e .

S o i l s  b u i l t  b y  e x t e n d i n g  t h e  l a n d  w i t h  _
d r e d g e d  s e d i m e n t s  c o m m o n l y  h a v e  a high n-value and
c o n s e q u e n t  l o v  b e a r i n g  s t r e n g t h . Marine  s e d i m e n t s
m i g h t  a l s o  d e v e l o p  s u l f u r i c  h o r i z o n s  u n l e s s
p r e c a u t i o n s  a r e  t a k e n  t o  p r e v e n t  t h a t .

T h e  D u t c h  h a v e  b e e n  h i g h l y  s u c c e s s f u l  i n
e x p o s i n g  new land f o r  p r o d u c t i v e  a g r i c u l t u r e
t h r o u g h  d i k i n g  a n d  d r a i n a g e .

E. S u r f a c e  m i n i n g  a n d  r e c l a m a t i o n

a . Coal

b . O t h e r  m i n e r a l s ,  c l a y .  t o p s o i l ,  s a n d / g r a v e l .
l i m e s t o n e . and s h a l e .
C h a r a c t e r i s t i c s  o f  r e c l a i m e d  l a n d  a r e  m o r e  a

f u n c t i o n  o f  r e c l a m a t i o n  p r a c t i c e s  a n d  a v a i l a b l e
m a t e r i a l s  f o r  s o i l  construction  t h a n  o f  t h e
m i n e r a l  b e i n g  m i n e d . T h e r e  ace r a t h e r
considerabie  d i f f e r e n c e s  i n  I l l i n o i s  berveen
reclaimed coal  str ip mine lands and r e c l a i m e d
limestone quarry l ands . b u t  t h o s e  d i f f e r e n c e s  a r e
aimost t o t a l l y  a  r e s u l t  o f  d i f f e r e n c e s  i n  t h e
a p p l i c a b l e  r e c l a m a t i o n  l a w s .

T h e  ficsc s t e p  i n  e v a l u a t i n g .  interpreril!g.
o r  documenting  m i n e s o i l s  regardles:  o f  t h e  m i n e r a l
b e i n g  m i n e d  is LO  b e g i n  ;rith rhoro:igh  prPn!ininu
a n a l y s e s  o f  the soil ind r o c k  o v e r b u r d e n .
K n o w l e d g e  o f  premining  s o i l  s e r i e s  a n d  geolog)
:nc ii!di!:;  ! i:l1L:log,v. m,neuiiogy.  a n d  <oocl~rrn?~~:.~.
WI11  hc ;II rile p r e d i c t i o n  o f  rninesoil  properrles
wd eal ,itl~n o f  land use suirability. f\ichz:d
:1 Swith !>a: ‘~rlrten ertens i v c l y  o n  t h i s  sli!ljecr.
O v e r b u r d e n  tinx!yses  w i l l  h e l p  t o  d e t e r m i n e  if Lhe
c>riginal  Lor:scii  s h o u l d  b e  s a v e d  oc if a bPlLe~
culhst.ir\lrr  i? available. ;I horizon AT,? tI:i;: ill
,? D ” .7 I 3 t n i a II c ? .3 1 f  iclds i~,ti 3i.e co:ilnrn:.: rwwv,3
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in the  forest  c lear ing  operat ions  III  p r e p a r a t i o n
for mining. Then the - t o p s o i l ’  vhich i s
stockpiled and saved is actually  3 and C horizons
and some Cc materials.

F. Chemical  so i l  prcblems

:. Toxic  mater ia ls .
John Sencindiver  points out chat mining may

expose pyritic materials which deve lop  ac id i ty
upon weathering. These acid products became acid
mine drainage (AMD) when leached by precipitation.
AHD is  the biggest environmental problem faced by
the coal industry in West Virginia and much of
Appalachia. Establishment of  vegetation is
generally no longer a problem. Acid minesoils and
poor vegetation establishment occur on only a very
small  proportion of  the mine sites,  today. uhen
these acid problems do occur.  they generally only
af fec t  a  smal l  port ion  o f  any  s i te . operators are
required by law to bury and/or treat acid
materials and most are doing a good job of  this.

Well-vegetated sites may stil l  have a major
MD problem. and many studies have been conducted
on this problem. Bactericides  have been used to
control the Thiobacillus organisms, but these
treatments  are  general ly  short - l ived .  Clay  sea ls
and synthetic (PVC) seals over acid materials have
been cried.  Clay seals may leak if  not applied
properly and PVC liners are very expensive.

The most promising treatment currently being
studied  in  West  Virg in ia  i s  rock  phosphate .  !AN
professors in geology and chemical engineering
have been studying this treatment process for
several  years . They  are  now in the process of
establ i sh ing  some sca le  model  backf i l l  p i les  on
surface mines where different rates of  rock
phosphate will  be applied. The phosphate in the
rock  phosphate  reacts  vich ferric iron in the
system and removes  th is  i ron  so  thar it is not
available to oxidize pyrite.  Removal of  Fe
drastically reduces pyrite oxidation.

2. Base r i c h  s o i l  lnmrerizls.
a. Hign calcium soil  materials.
b. Soil  InateriAls  high in  gypsum
C. Sodic  s o i l  ~wate:;als.
d. S a l i n e  s a i l  m:ei-ials.



o f  topso i led  mineso i l s  d i f fer  f rom those  which
were not topsoiled.3.4.5 Hnottavange  and
Sencindiver have reported changes ln the pore-size
dis tr ibut ion  when so i l s  are  d is turbed .6  Ninesoil
macropores  dra ined  by  gravi ty  f low vece 572 iby
volume) less than macropores of  the native soils.
Also, m i c r o p o r o s i t y  (lOOO-90um) was 352 Less for
the minesoils.

Extreme textures. excessively sandy or
clayey. and excessive rock fragments can be
contro l led  by  care fu l  se lec t ion  o f  suitable
mater ia ls  for  so i l  construct ion ,  where  sui table
mater ia ls  are  avai lab le . I t  i s  genera l ly  sa fe  to
assume materials available from the pre-mine soils
will  assure that the constructed soil  can be as
good  textural ly  as  the  or ig inal  so i l . Alternative
materials in the overburden might be as good or
b e t t e r . t e x t u r a l l y . than those of the natural
so i l .  S imi lar  pr inc ip les  apply  where  the  concern
is  dur ipan.  petrocaicic.  or i r o n s t o n e  m a t e r i a l s .

Physical problems associated vith dispersed
clay are a consequence of  the chemical nature of
the  mater ia ls  used  in  so i l  construct ion . Again,
material selection is the key. where non-sodic
materials are available.  Some re,lated problems
might not be avoidable. For example, even vhen
s o d i c  m a t e r i a l s  a r e  c a r e f u l l y  s e g r e g a t e d  a n d
bur ied  in the substratum. piping might b e c o m e  a
problem as water mcwes through and mobi l i zes
d i s p e r s e d  c lay  f rom the  sodic  layers .

The other. and  perhaps  mos t  cha l l eng ing .
p h y s i c a l  p r o b l e m  i s  s t r u c t u r a l  i n  n a t u r e . It is a
combinat ion  of high bulk density/low porosity,
h i g h  s o i l  strength. and lack of  a macropore
network.  I t  resul ts  from lack of  or disruption of
natural soil  structure and either severe
compact ion  of the mater ia ls  dur ing  so i l
construct ion . or failure to d isrupt  masses  cf
h i g h - s t r e n g t h .  h i g h - b u l k  d e n s i t y  materiai frcm
deep in the over burden as it is being moved and
placed  in  the  new so i l .

Work in Illinois and elsewhere has made I L

c l e a r  that natural  so i l  s tructure  i s  no :  essent:a:
for a soil to b e  p r o d u c t i v e ,  s o  l o n g  as modest
soi l  strength and ar. a d e q u a t e  m a c r o p o r e  neti::k
c a n  b e  e s t a b l i s h e d  a r t i f i c i a l l y . Such LS nor
easily accomplished. however.
T h e  Imost conspicuous  success  in  illinsis  is illere
rt mine has dug material from the highwall  vith a
bucket-wheel excavator, t r a n s p o r t e d  i t  dro111v1  t5e
p i t  b,; b e l t , and placed in with a spreader uhlch
“2% .?ble to cor.trol  p l a c e m e n t  s u c h  t h a t  w~!;c
rmininlal  smoothing  was needed  after plac?mcn:. ihc
7~5~ilLil:g  s o i l  c o m m o n l y  h>s an .7rlific_:8!



H.

(fritted) s t r u c t u r e and has proven to be
product ive  for  row c r o p s . 7

The equipment used at that mine  is so
i n f l e x i b l e . chat  i t  i s  nor  l ike ly  to be  used  for  a
s i g n i f i c a n t  p o r t i o n  o f  a c r e a g e  m:ned. and  hence  i s
n o t  a n  a d e q u a t e  s o l u t i o n  t o  the p r o b l e m .  ihe’re  i s
r e a s o n  to be l ieve .  however ,  that  s imi lar  resul ts
can be accomplished with well planned rear-dump
truck handling system. Truck traffic should be
c o n f i n e d  to the base level to avo id  compact ion  oE
so i l  mater ia l  a f ter  p lacemenc .8

The  other  a l ternat ive  i s  to  a l lev iate
compaction through some form of deep tillage after
the new soil  is  in place.  The problem with this
approach is the depth to vhich t reatment  i s
n e c e s s a r y .  Many  opt ions  are  ava i lab le  for
l o o s e n i n g  s o i l s  t h r o u g h  tillage to a depth of &5
cm or so. There are a f e w  tillage opt ions  which
h a v e  p r o v e n  s u c c e s s f u l  t o  90cm. but natural  so i l s
in the central corn belt commonly support root
systems down to 120cm or 150cm.

Early attempts to ti l l  to more than 1OOcm in
these  so i l s  were  not  very  success fu l . At those
depths one tended to get plastic f low around the
tillage instrument  and no  s igni f i cant  phys ica l
improvement of  the soil .  A recent ly  des igned
machine looks quite promising for tillage to about
120cm. I t  e m p l o y s  a tvo - l i f t  tillage a p p r o a c h  a n d
imparts  a  very  cons iderable  vert i ca l  l i f t
component to the lower soil  materials.  Field crop
p r o d u c t i v i t y  e x p e r i m e n t s  a r e  undervay in Ill inois
to  eva luate  severa l  ava i lab le  tillage  opt ions .
Ear ly  resul ts  look  promis ing ,  but  i t  i s  certa in ly
too early to conclude that the problem has been
so lved .

S lope  s tab i l i ty  on  rec la imed so i l s .

1. Erosion

2. nass movement.
Glenn Kel ley  reports  tha: most spoil tmateria!

w i l l  e v e n t u a l l y  m o v e  dew slope if  i :  is  placed on
s lopes  o f  20  to ‘5  percent  or  g:eater.
p a r t i c u l a r l y  w h e n  spoil  is  placed on oucsicpes
w i t h  l i t t l e  t o e - s l o p e  s u p p o r t .

3. I m p o r t a n c e  o f  s o i l  matccials on :;opc 1 a n d
length  (grouping  guide l ines  “coned). Slope 1engri1
s h o u l d  b e  k e p t  to a ulinimum. but o f ten  difiicult
c o  g e t  o p e r a t o r s  to understand  t h i s .

Flanagement  techniques



1. Cropping sequence/ ro ta t ion .
Ke i th  Huffman s u g g e s t s  t h a t  q u i c k - c a t c h  c o v e r

crops  be  seeded immediate ly  to  s tabi l ize  s lopes
agains t  eros ion.  Rye works  veil for this p u r p o s e
in Ohio. Introduct ion of  deep rooted legumes vi!1
then enhance soi l  s t ructure  development  and
p r o v i d e  f o r  i n f i l t r a t i o n  a n d  i m p r o v e d  air/varer
r e l a t i o n s h i p s . A seeding mixture should be
s e l e c t e d  t o  f i t  t h e  s i t e  a n d  t h e  p l a n n e d  u s e . 9  A
t ime of  two to  three  years  should be  devoted to
low intensi ty  use  with  no or  minimal  harvest ing of
hay or  pas tur ing .

2. Hybr id  o r  va r i e ty  s e l ec t i on .
Hybrid  screening s tudies  have revealed that

t h o s e  h y b r i d s  vhich perform bes t  on  na tura l  so i l s
do not  necessar i ly  perform best  on minesoi ls .  No
hybrid has  been found.  however .  which wil l
adequa t e ly  toleratefthe  physical  and chemical
p r o b l e m s  cornnon t o  many  mineso i l s .

3. I d e n t i f y i n g  f e r t i l i t y  n e e d s .

4. Deal ing wi th  ‘hoc spots . ’

5. Residue management.

J . C l a s s i f i c a t i o n  o f  d i s t u r b e d  s o i l s .
J o h n  S e n c i n d i v e r  c o n t e n d s  c h a t  c l a s s i f i c a t i o n

of  minesoi ls  needs  fur ther  s tudy and evaluat ion.
Host  minesoi ls  in  eas tern  U.S.  have been
class i f ied  as  Typic  Udorthents .  Seven minesoil
ser ies  have been developed in  West  Virginia  and
o t h e r s  o r i g i n a t i n g  i n  s u r r o u n d i n g  stares  are
recogn ized  in  West  V i r g i n i a . A l l  o f  t h e s e  s e r i e s
are  loamy-Skeleta l .  mixed,  mesic  Typic  Udorthents .
The  on ly  d i f f e r ence  i n  c l a s s i f i c a t i on  of  t h e
s e r i e s  a t  t h e  f a m i l y  l e v e l  c o m e s  a t  t h e  s o i l
r e ac t i on  ca t ego ry .  These  mineso i l s  a r e  a c id ,
nonacid, or  ca lcareous .  John contends  that  we need
sorne means of ident i fying minesoi ls  a t  a
c l a s s i f i c a t i o n  l e v e l  h i g h e r  t h a n  s e r i e s .  F o r
example. Janelew si l t  loam.  loamy-skeleta!.  m i x e d .
ca l ca r eous . mes i c  Typ ic  Udorthenr  does not tell
the  reader  tha t  lanelew is  a  mineso i l .  One  must
r e a d  t h e  d e s c r i p t i o n  of Jnnelew to determine :har.
A  n e w  t e r m  s u c h  a s  Spolents. Spolic Udorthents,  c:
some other term would assist in documeuring  a n d
interpret ing  minesoils.

I l l i n o i s  i n i t i a l l y  classified a c o u p l e  o f
minesoil  s e r i e s  as &rents. because of the p r e s e n c e
o f  ident i f iab le  f ragments  o f  d iagnost i c  hor izons
from the pre-mine soil . Those fI~agn!rnts  d i d
r e p r e s e n t  a f a i r l y  smal! porriori  o f  the  total  .~n::



v o l u m e  a n d  t h e  r e g i o n a l  correlacors  at the tlrn~
a r g u e d  f o r  r e c l a s s i f y i n g  t h e m  a s  Orthents.  T h e y
wanted to use Arents o n l y  w h e n  the f r a g m e n t s  o f
d i a g n o s t i c  h o r i z o n s  were at l e a s t  252 b y  v o l u m e .
Th~at d i d n ’ t  s e e m  l i k e  a  very b i g  i s s u e  t o  u s  a t
t h e  t i m e  s o  w a g r e e d .  IL b e c a m e  2 x:h b i g g e r
iSSUe. however . w h e n  a  y e a r  o r  :UC ister we were
asked ( b y  r e g i o n a l  correlators)  to de!ere a l l
r e f e r e n c e  to f r a g m e n t s  o f  d i a g n o s t i c  h o r i z o n s  :n
s o i l  d e s c r i p t i o n s  f o r  a  p u b l i c a t i o n  (or c h a n g e  t h e
c l a s s i f i c a t i o n ) . b e c a u s e  O r t h e n t s  weren’t s u p p o s e d
t o  h a v e  a n y . T h e  m o r e  c o n t e n t i o u s  a m o n g  u s  a r g u e
t h a t  we e i t h e r  n e e d  to a b i d e  b y  t h e  c l a s s  c r i t e r i a
a n d  c l a s s i f y  a l l  s o i l s  with s u c h  f r a g m e n t s  a s
Arents, or c h a n g e  t h e  c r i t e r i a  s o  that s o m e
m i n i m u m  percent by volume is  of f ic ia l ly  par t  of
t h e  c l a s s  c o n c e p t . A  t h i r d  a l t e r n a t i v e  i s  t o
follov J o h n ’ s  s u g g e s t i o n  a b o v e  ar.d set  up a ney
s u b o r d e r  f o r  d r a s t i c a l l y  d i s t u r b e d  s o i l s .  A b o v e
a l l , we s h o u l d  b e  f r e e  t o  d e s c r i b e  t h e  s o i l s  a s  we
f i n d  t h e m . r a t h e r  to m a k e  t h e m  f i t  a  p r e d e t e r m i n e d
c l a s s  c o n c e p t .

T h e  c o n c e r n  over h o w  t o  h a n d l e  Arents i s  no t
nev. T h e  c o m m i t t e e  o n  c r i t e r i a  f o r  c l a s s i f i c a t i o n

‘and nomenclature of made soils at the National
T e c h n i c a l  W o r k - P l a n n i n g  C o n f e r e n c e  i n  N e w  O r l e a n s
in  1967  recommended  tha t

. ' t h e  r e c o g n i t i o n  o f  Arents b e  c o n f i n e d  to
s o i l s  m i x e d  i n  p l a c e  s o  t h a t  f r a g m e n t s  o f  a
d i a g n o s t i c  h o r i z o n  t r a n s p o r t e d  b y  d u m p  t r u c k
t o  a new area w o u l d  n o t  b e  t h e  b a s i s  f o r  t h e
r e c o g n i t i o n  o f  Arents i n  the new s i t e .  I n
a d d i t i o n . a  s i g n i f i c a n t  n u m b e r  o f  f r a g m e n t s
o f  a  d i a g n o s t i c  h o r i z o n  s h o u l d  b e  p r e s e n t  t o
j u s t i f y  t h e  c l a s s i f i c a t i o n  o f  Arent:

T h e  d e f i n i t i o n  o f  Arents us n e v e r  a d j u s t e d  c o
p r o v i d e  f o r  t h o s e  s u g g e s t i o n s .  b u t  t h e  a b o v e
r e c o m m e n d a t i o n  m i g h t  w e l l  h a v e  b e e n  b e h i n d
t h e  2 0 2  r u l e - o f - T h u m b . P e r h a p s  t h e  s o l u t i o n
i s  to d e v e l o p  a  p r o c e d u r e  uhereb) recommendations
f r o m  n a t i o n a l  committees w o u l d  b e  richer  1)
f o r m a l l y  a c c e p t e d . i n  w h i c h  caste  any !~*eded
a d j u s t m e n t s  t o  c l a s s  c o n c e p t s .  e t c .  wuld b e  inade.
o r  2) r e j e c t e d . i n  w h i c h  c a s e  n o  o n e  w o u l d  f e e l
o b l i g e d  to a t t e m p t  impl~mentarion  o! row?thr~,g  at
v a r i a n c e  w i t h  c u r r e n t  c l a s s  d e f  iili’.:zns.  ?tc.
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RECOFIMENDATIONS

1. Docummenting change . G e n e r a l  a g r e e m e n t  bY all that sol1
surveY  p r o b a b l y  c a n n o t  adddress all levels of s o i l
modification. The framework  for documenting and
i n t e r p r e t i n g  both (a) s h o r t  t e r m  c h a n g e s  o r  t e m p o r a l
p r o p e r t i e s  a n d  tbl long term changes  or  longer  than the  l i fe
of the survey needs to be made.

(a) O n e  o f  t h e  p r i n c i p l e  n e e d s  1s to  cons t ruc t  a  ?~s”
to  handle  use-dependent  temporal  informat ion sc a
l e v e l  o f  decal1 riBnifica”c  io t h e  m a j o r  models  folk

?S lo”.t cherlial anunendment  fate,. e t c . n dTl:a
lectio” progrznl in liest T e x a s  h a s  p r o v e ”
rucressiul  a n d  coklld be a d o p t e d  f o r  use in oc’her
zreas.



(bl Another need is the doccmentation  of change made to
the soils physical or chemical makeup that influ-
ences  i ts  behavior . Continued vigil to document
soils modified after soil  sur~ev  c o m p l e t i o n  n e e d s
to  be  s tressed . Procedures or ocher st:uctural
framework should suggest and supporr to &at degree
we document  change  (ie. do u.e consider only those
propert ies  normal ly  ident i f i ed  in  mapping).

2. R e c o m m e n d  t h a t  NCiS  classify a few soils. irhere s l u d g e
and chicken manure added, as Hollisols. Col lec t ion  o f  data
to define levels of  P for an Anthropic epipedon  is n e e d e d .

3. Reconnnend  that NCSS identify under what conditions the
so i l  survey  data  appl ies . Different cropping systems should
present  d i f ferences  in  the  data .

4. Recommend that NCSS improve procedures to document
management altered soil . Poss ib ly  a  spec ia l  sect ion
spec i f i ca l ly  for  th is  could  be  inc luded  as  a  suplement  to
the Soil  Survey Manual of  included in the National Soils
Handbook.



USDA FOREST SERVICE REPORT

(Presented by R. T. Meurisse, Regional Soil.Scientist Pacific NW Region)

Pete Avers, Washington Office soil scientist unable to attend because of
conflict with Southern Conference at Puerto Rico.

Forest Service Budgets-Soil and Water Program:

Following is a comparison of the national program
(Thous. $)

FY Operations Improvements
Final ;jiT 32,374 10,777
Tentative 91 49,875

Soil Survey Activities

51227

budget for M 90 and 91.

Inventory Total
7,177 50,328
5,583 60,685

We are experiencing considerable volatility from year to year, especially in
the soil inventory program. Also, Regional variations can be great.

Soil surveys are being conducted in a variety of ways to meet agency needs.
- Some are done internally by Forest Service personnel;
- Some are done by contracting (considerable amounts in some Regions);
- Many are cost share with SCS.

In December, 1989, a national meeting of soil scientists and plant ecologists
from each Region was held in Tucson, Arizona to discuss concepts and direction
for Ecological Classification and Inventory. National policy direction and
guidance will be issued. It was agreed that soil inventory will be the basis
for Ecological Unit Inventory. Delineations will be Ecological Land Units
(ELU). This is similar to Soil Landscape Units as discussed by Fred Peterson.
The intent is to define mapping units with consideration for potential natural
vegetation, landforms, as well as soils. Several Regions already do this, so
there will be little or no change. Others will be giving it more emphasis
than currently being done. This concept is similar to range site.

Data base management and Geographic Information Systems (GIS), or spatial
information management are major topics of discussion in the Forest Service.
A variety of systems and stages of development are under way by the Regions.
Also, steps are underway to link directly with SCS data at Ames. Emphasis is
on OSEDS, SOI-5, and SOI-6.

Special cooperative studies with NCSS cooperators are active in the Regions.
Following are some examples (there may be others):

Southwestern Region (R3)-Andisol  pedogenesis;
Soil Climate.

Rocky Mountain (R2)-Mollisols and effect on aspen regeneration.
Pacific Northwest (R6)-Geologic investigation to determine soil-bedrock

relationships and slope stability in Curry County.
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Alaska (RlO)-Path and rate of Spodosol development on moraines;
-Organic soil properties and temperature regimes:
-Remote sensing to delineate soil areas by organic carbon
concent.

Soil Quality Standards
A national soil and water monitoring workshoo  was held in March of 1989. Most
Regions are developing standards reiated to forest productivity and site
quality. Standards are needed to ensure that goals and objectives are met.

Current Issues Affecting National Forest Management
Several issues which require special emphasis and Forest Service response, and
requiring new or special soil information ara:

*Long-term soil/site productivity-Several symposia have been held to address
this. They are: Corvallis, OSU.  1987: Anchoraae.  1987: Boise. 1990.
Publications are available.for  the fiist two. -The latier  is expected
this winter.

*Bio-diversity-This is still loosely defined, but needs to include
functional diversity as well. Soil processes important.

*New perspectives in forestry-This is still being defined, but basically
emphasizes socio-political and site-specific ecosystem q aangement for uses
and values that de-emphasize timber management.

*Forest and Range health-This has many facets including global climate
change, acid deposition, productivity, diversity and,sustsinability  of use.

*Water quality-This also includes cumulative effects on watersheds.
*Riparian  area management-While  not new, it continues to be an issue and

includes wetlands.

Personnel
Employment of soil scientists is relatively stable, but with slight increases.
There may be some downward trends in some Regions because of reduced commodity
emphasis. There are two new Regional soil scientists in the West since the
last conference in 1988. Mark Jensen is in the Northern Region (Rl) at
Missoula. Jerry Freeouf ib in the Rocky Mountain Region (R2) at Denver. The
Intermoutital”  Region is hiring a correlator at Ogden. New hires are mostly
through the Coop. education program. Some come from environmental sciences
rather than the traditional agriculture schools.
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TENTATIVE DEFINITION: SPODIC MATERIAL MORPHOLOGY

Spodic materials normally represent an illuvial B horizon that
underlies an 0, A, Ap, or an albic horizon. Spodic material may
be in the Ap horizon. In undisturbed areas they frequently
underlie an albic horizon. Spodic materials may have the
properties of an umbric epipedon.

If the spodic material rests directly on a duripan, fragipan,
petroferric, paralithic or lithic contact less than 25 cm from
the mineral soil surface, or the soil temperature is cryic or
pergelic or it is frigid and soil particle size class is coarse-
loamy, loamy-skeletal, or finer there is no minimum depth
requirement.

Spodic materials normally have an optical density of oxalate
extract (ODOE) that is at least two times the overlying E or A
horizon, and a minimum ODOE value of 0.25 indicating accumulation
of organic materials in the B horizon. They also show evidence
of eluviation of iron and aluminum from the surface horizon and
illuviation of these materials in the B horizon. Spodic
materials have the morphological or chemical and physical
properties that are listed.

PROPOSED SPODIC MATERIALS DEFINITION

Spodic soil materials must:

1. Meet the following in an illuvial horizon:

a. Have

1.

2.

OR,

b. Have

one of the following color requirements:

Have a dominant hue in a B subhorizon that is
7.5YR or redder, a value 5 5.5 and a chroma
( 6.5 in the matrix:

OR,

Hue is 1OYR with a value and chroma ( 2.5, or
a color of 1OYR 3/l.

an horizon 2 2.5 cm thick laterally continuous__ _ _.in 50% OS each pedon cemented by organic matter
with some combination of either Fe or Al, or both,
that has a color value < 3.5 and a chroma < 2.5.

AND,



c. Meet at least one of the following morphologic or
chemical requirements in the illuvial horizons:

1. Have in some B subhorizon beneath an albic
horizon a value and chroma ( 3.5 in materials
2 20 cm thick and have a pH ( 5.5;

OR,

2. Have some sand grains with cracked coatings;

3. Have in some B subhorizon 2 two times Fe,,
than in the overlying E, A, or Ap horizon:

OR,

4. Have in some B subhorizon 2 two times more
Al,, plus FEox/2 than in the overlying E, A,
Ap horizon;

OR,

5. Have in some B subhorizon an ODOE value ) D.25
and at least two times more ODOE than in the
overlying E, A, or Ap horizon.

2. Have an Ap horizon 1: 20 cm thick, or when mixed to that
thickness, that has some subhorizon that meets or exceeds
both of the following chemical requirements:

a. Al,x + (Fe,x/2) 2 0.9

AND

b. ODOE > 0.15

TO BE ADDED TO ANDIC MATERIALS DEFINITION

Andic materials have a ratio of pyrophosphate extractable C
(Cp) to organic C (OC) of 5 0.5 (Cp/OC 5 0.5) and a ratio
of fulvic C (Cf) in pyrophosphate extract to pyrophosphate
extractable C (Cp) of 2 0.5 (Cf/Cp ( 0.5).

I to (1990)



TENTATIVE DEFINITION OF SPODIC MATERIALS INTERGRADE CRITERIA

Mfct all of the requirements for spodic materials except:

1. The lower boundary of the spodic material is < 25 cm below the
mineral soil surface in soils with frigid sandy particle-size
classes and in warmer soils; or,

2. They have at least 5 percent volcanic glass and andic soil
properties throughout 35 cm in the upper 60 cm whether buried or
not, with or without an albic horizon; or,

3. They have colors 1OYR 4/4, 3/4 or 5/4 with or without an albic
horizon.

PROPOSED KEY TO THE ORDER OF SPODOSOLS

ANDISOLS

Other soils that have:

1. Spodic materials that are at least 10 cm thick and meet
two of the following requirements:

a. Extend below 25 cm unless terminated by a duripan,
fragipan, or petroferric, paralithic, or lithic
contact at 25 cm or less: or have a cryic or
pergelic soil temperature regime, or have a frigid
soil temperature regime and the soil particle-size
class is coarse-loamy, loamy-skeletal, or finer.

AND,

b. The upper boundary is < 2 m below the soil
if the soil has a sandy epipedon between 1
thick.

c. The upper boundary is < 1 m below the soil

2. Do not have an argillic or kandic horizon in or
spodic materials.

3. Do not have a plaggen epipedon.

surface
and 2 m

surface.

above the

SPODOSOLS

PROPOSAL RATIONALE

The properties Uat are presented in Item la allow the use of
soil color to determine that a B horizon is a potential designate
as having spodic materials. It includes the Bhs, Bh, and Bs



horizons. Item lb includes the ortstein in the definition of
spodic materials.

Item lcl when combined with Item la or lb with the suggested
colors would meet the spodic materials definition. The soil
reaction class proposed as the upper limit for spodic material
definition was derived from a review of 156 pedons in Maine and
from the Northeast review of spodic soil materials in 1989 of
which 126 were strongly acid or lower. Of those not meeting the
acidity requirement, some had been managed intensively for
agriculutre and had been limed and othexs had developed in
sediments having a high pH.

The criteria in Item 1~2 is the same as was used for morphologic
identification of illuvial materials in the previous definition
of the spodic horizon. This will be used frequently with sandy
spodic horizons.

The chemical criteria that are used in Items 1~3, 1~4, and lc5
are used to show the eluvial/illuvial relationship expected to
occur in the process of podzolization. Item 1~3 and 1~4 present
the accumulation of iron and or aluminum in the B horizon. The
use of the optical density of the oxalate extract shows the
accumulation of fulvic acids in the B horizon as has been shown
by Daly (1982) to be indicative of spodic horizons. Application
of these criteria to 217 soils in the United States result in a
good separation from other soil orders with the exception of
materials having a spodic-like morphology but developing in
tephra. These criteria are the result of modifications to ICOMOD
8 (1989) definitions combined with modifications proposed by
Shoji (1990).

The proposal in Item 2 includes the Ap horizon in the spodic
materials definition if some portion of the Ap meets certain
chemical criteria. The limits proposed are based upon the Ap
horizons in the soil review in the Northeast in the fall of 1988
and on samples taken from Aroostook County, Maine, potato fields
at 9 locations in 1989. Based upon these data most of the soils
would be considered to have spodic materials in the Ap. Those
pedons not meeting the requirements may have been severely eroded
or limed extensively. There is need for additional data to test
this criteria and because of the limited data base it is possible
that in time this section of the definition will be changed.

The addition of a definition to andic materials is to separate
materials from andic that are spodic. The data for this
separation are presented by Ito (1990) and show a good separation
of the 2 materials based upon data from volcanic and nonvolcanic
regions. This addition will alleviate the problem of discerning
spodic materials that have developed in volcanic soils.
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June 19, 1990

WRCC-30 officers

Past Chairman - Dr. Chien-Lu Ping, University of Alaska Fairbanks

Chairman - Dr. Larry Munn, University of Wyoming

Secretary - Dr. Eugene F. Kelly, Colorado State University

NSCDB Representative - Dr. David M. Hendricks, University of
Arizona

other Participants -
Dr. William Allardice, University of California-Davis
Dr. Bruce Buchanan, New Mexico State University
Dr. LeRoy Daugherty, New Mexico State University
Dr. Maynard Fosberg, University of Idaho
Dr. Bruce E. Frazier, Washington State University
Dr. Robert Graham, University of California-Riverside
Dr. Gordon L. Huntington, University of California-Davis
Dr. Haruyoshi Ikawa, University of Hawaii
Dr. Gerald Nielson, Montana State University
Dr. Frederick Peterson, University of Nevada-Reno
Dr. ChieA-LU Ping, University  of Alaska Fairbanks
Dr. RaAdal J. Southard, University of California-Davis

The following is a summary and the individual reports given
by each of the Agricultural Experiment Station representatives on
activities related to NCSS.

A. Agricultural Experiment Station Activities:

1. Soil Mapping

Several of the stations reported that soil mapping is
conducted through contracts with State aAd Federal Agencies.
California is in the proaess of mapping State and private
land. Colorado is COAduotiAg a prototype wresearch area
soil surveyl~ at the Central Plains Experimental Range in
cooperation with AR8 and the SCS.

2. Soil Survey Reviews aAd Correlations

Most of the experiment stations participate in field reviews,
correlations and reviews of preliminary soil survey reports.



3. Teaching and Research

Most of the Agricultural Experiment Station representatives
are involved in teaohing undergraduate and graduate classes
and field courses in areas of Soil Genesis, Soil
Classification and Morphology. Soils Judging is also part
of teaching responsibility at some of the universities.

Research projects in the area of Soil Genesis and
classification is being conducted to evaluate differences
between Andisols and Spodosols in Alaska, Arizona and
California. Some of the stations have on-going soil
climate researoh programs, namely, California, Colorado,
and New Mexico. The fate and biogeochemical accumulation of
toxic elements and eubstanaes is being investigated in
California, New Mexico, Washington and Wyoming. Continuing
research in revegetation is being conducted in Hawaii.
Application of Geographic Information Systems at various
spatial and temporal scales is being conducted in Colorado
and Montana.

B. Concerns of the Agricultural Experiment Stations:

1.

2.

3.

4.

Most of the station8 reported a stabilized enrollment in
soil sciences since the last report. The Universities
appear to have high job placement success. Some expressed
concern regarding the ability of the universities to
maintain adequate enrollment to fill future available
positions.

Some stations expressed aonoern with reorganization efforts
by Universities and the role that Soil Science will play
in new curriculums developed at these institutions.
Reorganizations at University  of Wyoming, Nevada-Reno were
discussed.

Support for researah in soil genesis and classification
is difficult. Most of the investigators have established
joint research projeate that crossover into other
disciplines in order to secure funding. Environmental
(hazards, climate change) researah and not strict
lragricultural  appliaations 11 appear to be most suitable for
funding at the national level. These research agendas
may not meet the needs of the NCS8.

All members present voted to petition for authorization
of an annual WRCC-30 meeting. Subject to authorization
this meeting would take plaae in MOSCOW, Idaho in 1991.
The 1992 work Planning Conference is scheduled to be held
in Flagstaff, Ariaona.



ALASKA

University of Alaska Fairbanks

Representative - Dr. Chein-Lu Ping

Current Activities : Dr. Ping is currently investigating the
properties that differentiate the Andisols from the Spodosols in
Alaska. Other Research activities include the following : 1) the
study of C to Organic matter ratios in Alaska soils, 2) studies of
the orooerties  and olassifiaation of Rydric soils, 3) relationships
betieen‘ soil organic matter and soil development and 4)
archaeological applications of soils

ARIZONA

University of Arizona

Representative - Dr. David M. Hendricks

Current Activities : Dr. Hendrioks reported on his Soil Survey
related research activities, at the University of Arizona. Dr.
Hendricks is conducting studies of .the Andisols in the Sunset
Crater area as well as the San Franoisco Volcania Field. He is also
conducting soils researah in northern California in the Mendocino
area in collaboration with the Jet Propulsion Laboratory. Dr.
Hendricks was also appointed as NSCDB representative replacing Dr
W. Allardice.

CALIFORNIA

University of California at Davis

Representative - Dr. Randal J. Southard

Current Activities : Dr. Southard is currently involved in a Soil
Survey project with the California State Forest Service to assist
in mapping state and private property in portions of California.
Dr. Southard is also supervising research activities not related
to Soil Survey that inalude the following: 1) studies of soil
properties and processes in the Hohave desert, 2) pedoturbation in
Vertisols using Cs-137, 3) the use of Amino acid racemization to
date soils.



Representative - Dr. William Allardice

Current Activities : As the past representative to NSCDBC, Mr.
Allardice reported on the status of the National Soil
Characterization Data Base and the activities of the NSCDB
committee. Several generations of changes have occurred and he
distributed a flow diagram whiah reflected the latest changes.

Representative - Dr. Gordon L. Huntington

Current Activities : Dr. Huntington has recently retired but
remains an active member in the NCSS. His primary activities
include participation in field reviews, the review of Soil Survey
technical reports and the Story Index sections for Soil Surveys of
California. Other activities include the following: 1) the
development of a' IlRoadside Guide to Pedologye for portions of
California similar to the Roadside series common in Geology, 2)
work in promoting a State Soil for California.

University of California at Riverside

Representative - Dr. Robert Graham

Current Activities : Dr. Graham is conducting a number of research
projects related to his specialization Soil Mineralogy. These
projects include the following: 1) the pedogenic degradation of
asbestos in soils, 2) evaluation of the Water Holding Capacity of
Rocks, and 3) the influence of wildfires on soil mineral
degradation.

COLORADO

Colorado State University

Representative - Dr. Eugene P. Kelly

Current Activities : Dr. Kelly is conducting Soil Survey research
at the Central Plains Experimental Range in eastern Colorado in
cooperation with the SCS, ~IlDSA-AR8 and Colorado State University.
Dr. Kelly is also involved in field reviews and the review of Soil
Survey reports. Other research activities include the following :
1) paleopedology at the shortgrass steppe LTER site, 2) soil-
climate studies in the Wind River basin of Wyoming, 3) Isotope
geochemistry of soil minerals, 4) Human influences on soil
formation, and 5) the use of soil properties in archaeological
applications.



HAWAII

University of Hawaii

Representative - Dr. Haruyoshi Ikawa

Current Activities : Dr. Ikawa is involved in an on-going research
that focusses on the revegetation of native species in Hawaii.
Other research activities inolude the influence of soil fertility,
namely, P status on revegetation auocess and the establishment of
loblolly pine along elevation transects.

IDAHO

University of Idaho

Representative - Dr. Maynard Fosberg

Current Activities : Dr. Fosberg has recently retired and is
finishing up a number of projects before his new replacement
arrives. Anita Falen and Dr. Fosberg have just completed a
laboratory oharaoteriaation prooeedures manual. Dr. Fosbergls other
research activities include the following : 1) Studies of the
Jackson Hole loess, 2) volcanic ash and it's relationship to the
development of Spodosols and Inoeptisols 3) work on third edition
of a slide set to illustrate Soil Taxonomy , and 4) studies of soil
loss vs wheat produation.

MONTANA

Montana State University

Representative - Dr. Gerald A. Nielson

Current Activities : Dr. Nielson is currently involved in the
application of Remote sensing to soils management. Specifically,
Geographic Information Systems and their application to soil
management at a number of spatial scales. His laboratory produces
about 2 products a week. His other research activities include the
following : 1) applications of GIB to management of soils through
precision fertilizer applications , 2) the development of a workshop
on Precision farming in the 909s.



NEW MEXICO

New Mexico state University

Representative - Dr. Bruce Buchanan

Current Activities: Dr. Buchanan is currently involved in research
that is designed to monitor soil climatia parameters. His research
activities include the following: 1) A range management project
designed to study the proliferation of Snakeweed in New Mexico, 2)
a project to evaluate soil moisture measurements in the control
section of soils vs single point measurements, 3) survey of mining
areas to establish appropriate soil sampling schemes.

Representative - Dr. LeRoy A. Dougherty

Current Activities: Dr. Daugherty is currently Department head at
NMSU. Dr. Daugherty supervised research that studied the role of
microbial activity in the precipitation of calcite. Dr. Daugherty
reported that the on funding that the University received to
upgrade laboratories and the funding his program has received from
NRC, DOB, WBRC.

NEVADA

University of Nevada-Reno

Representative - Dr. Frederick P. Peterson

Current Activities : Dr. Peterson will be retiring this year. He
reported that he finished the Soil Temperature and Moisture
studies and the SSIR report. He also noted that his publication of
a landform classifiaation  scheme is now in the final stages of
review at the national laboratory in Lincoln.

WASHINGTON

Washington state University

Representative - Dr. Bruce E. Frasier

Current Activities : Reported
Washington.

on projeots in the Palouse region of
These studies inaluded the following: 1) the

Pleistocene stratigraphy of the palouse  region, 2) use of soils in
waste disposal, and 3) Use of geographic Information Systems to
establish productivity units.
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WYOMING

University of Wyoming

Representative - Dr. Larry Munn

Current Activities: Dr. Hunn is supervising a number of research
projects. Some of the research problems as follows: 1) the use of
soils to study prairie dog impact in Wyoming rangelands, 2)
detailed studies of clay dunes and paleosols, 3) Biogeochemical
accumulation of Selenium in soils of Wyoming.

Report by Charles Smith, USDA-CSRS

Dr. Smith reported on the Farm Bill and funding allocations for
1991 and 1992 fiscal years. He stressed the major areas of funding
will be in the following areas: 1) Water Quality research, 2) Low
Input Sustainable Agricultural Research, 3) High risk contaminants
and naturally occurring contaminants.



WNTC BRIEF OUTLIEE  REPORT
BY

MARIO A. VALVERDE

Subjects: a. KLRA
. Pesticide Rating

C. 8011 SurveV WaausoriDtr
. Prelimiaarv Field Tour/VIII International Soil

Manaaement  WOtksbOD  (VIII ISMiQ_
. communication;

A .  MLRA

1.

2.

3.

Presently the WNTC has a copy of each state MIEA plan. Some states
are showing differences from HB296. I'm asking the states in this
category to forward descriptions not on file at the WNTC for
tentative approval.

WNTC tentative plan is to update the regional MLRA map when the
STATSGO project is completed.

The NSH guidelines and policies are in the process of being
updated. These guidelines will show new responsibilities and new
policies for updating. Policies emphasize interstate correlation
before submitting changes to NTC. (see Attachment 1)

B. Pesticide Ratina: A new policy is scheduled to be in pl~ace  by
August 15, 1990.

-New criteria is being developed and is now in circulation for
review and comments by the WNTC staffs

-1 would like to remind you that the pesticide rating available
through Ames has some limitations (see Attachment 2).

-The Goss model which originated these ratings does not consider 7
conditions and only 3 are showing as footnores. Eacr state needs
to adjust these ratings due to local conditions. WC will provide
some assistance as requested. (see Attachment 3)

C. Soil Survey Wanuscrints: Review of manuscripts by NTC's is
addressed by National Bulletin 430-O-7, dated February 28, 1990.
(see Attachment 4)

The WNTC Soils Staff has been given the responsibility to
coordinate the spot-checks.

The WNTC Director has the option to request manuscripts for
spot-check. Main concern is manuscripts with a biology section but
the state does not have a State Biologist.



To speed up the spot-check process, I would like to suggest that
each manuscript include a list of the state disciplines involved in
the review process with the initial of the reviewing persons. (see
Attachment 5)

D. Prelimiaarv  Field Tour/VIII International Soil Uanaaclment Workshop
p?III ISKW)

-: To show how soil information makes a difference on the
use, management and soil interpretations associated with each soil.

Preliminarv To r Route;
pav one: Portland  to Klamath Fall -- Route--> Willamette Valley and
Umpqua National Forest.
pav two: Xlamath Fall--Route--> Davis California, Xlamath National
Wildlife Refuge, HcCloud Flat (base of Mount Shasta) and Sacramento
Valley.
Dav three; Davis to Lake Tahoe--Route--> Sacramento Valley,
California Delta, El Dorado National Forest.
Dav four: Lake Tahoe to Winnemuca Nevada--Route--> Tahoe basin,
Fallon, and Intermountain Basin and Range (BLW areas).
Dav five: Winnemuca to Ontario Oregon--Route--> Intermountain
Basin and Range--Nevada/Oregon.
Dav six: Ontario to Pendleton via Northern Oregon mountain forest,
Snake River Plains and Palousa Areas.
Dav seven: Pendleton to Portland--Route-->Palouse, Columbia Basin
and Plateau, and Columbia River Gorge.

E. Communication:

1. Issue regional soil Telenet users list.

2. Coordinate communications to all states via UNIX uuto or blast.

- Set at WNTC soil 3B2 a login for each state .

- Coordinate or set a login for WNTC soil staff in each state
office soils computer.
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Procedure for Revising

Agriculture Handbook No. 296 Land Resource Regions and Major
L a n d  Resourcr Armas of thr Unitrd  States.

Background:

Major Land Resource Areas (HLRA’r)  have for many years
served numerous program needs of the SCS and cooperating
agencies. HLRA’s continue to serve as a base for program
planning and implementation, and as a means for displaying
resource information (NATSGO) for the U.S. Currently the
HLRA map of the United States exists in several formats.
Numerous MLRA’s  have been proposed since AH 296 was revised
and republished in 1981.
The initial draft of STATSGO. State Soil Geographic Data
Bate, vi11 be complete for most of the U.S. by October 1990.
One of the goals of the STATSGO  project is to update the
MLRA map of the U.S.

The following procedure vi11 be used for a complete revision
of AH 296 in Fiscal 1991 and 1992 with the intent of
republishing in 1993. National Soils Handbook Section 605.11
(attached) will also be used a guidance: Section 605.11 may
need to be revised to add clarification, especially with
regard to states roles and how MLRA's arp developed.

11

2)

3)

National Cartographic Center (NCCI generates State KLRA
map from S?A?SGO at scale of 1:5,000,000  and 1:250.000
and forwards to responsible National Technical Center
INTC) along vith a list of HERA codes used on the State
NLRA map.

N?C’s requests state review of HERA boundaries and
requests documentation for MLRA’s that occur on State
MLRA map. but not on map in AH 296.

Ncte  : If state proposes additional MLRA’s  that do not
occur in STATSGO  or revisions in ULRA  lines
generated from STATSGO. then STATSGO  is revise?
and a new State MLP.A map is generate: t NCC from
STATSGO.

State.Submits  the fcJ1owir.g  documentation to the
Director NTC:

a)
b)
C)
d)

Draft State MLRA map generated at NCC.
Draft HLRA Drzrriptions.
Documentation stating reasons for change.
Letter(s) from surrounding State  Conservationists
concurring with change and documenting correct join.



4) NTC reviews documentat ion submit ted  by s ta te  and:

a) e i t h e r  r e t u r n s  to state for  f u r t h e r
d o c u m e n t a t i o n / r e v i s i o n  o r

b) routes to other NTC’s  f o r  c o m m e n t .

c) NTC i n c o r p o r a t e s  c o m m e n t s  f o r w a r d s  d r a f t  ropies a n d
d o c u m e n t a t i o n  l i s t e d  i n  3  ( a - d )  t o  D i r e c t o r  N a t i o n a l
Soi l  Survey Center  (NSSC).

5) NSSC revievs  documentat ion submit ted  by NTC and routes to
Ecological  Sciences  Divis ion and Resources  Inventory
D i v i s i o n  n a t i o n a l  o f f i c e  f o r  comment.

a) NSSC re turns  documenta t ion to  NTC for further
d o c u m e n t a t i o n / r e v i s i o n  o r

b) Approves  new or revised MLRA  and makes changes in AH
296 and revises FILRA  map.

c) NSSC/SCS  republ i shes  AH 296

The following assignments were made in Nat. Bulletin No.
430-3-5  (Z-8-83) . A s s i g n e d  r e s p o n s i b i l i t y  ir .udes
r e s p o n s i b i l i t y  f o r  u p d a t i n g  t h e  n a r r a t i v e  dcszription  in !,H
296. T h e s e  a s s i g n e d  r e s p o n s i b i l i t i e s  would be added to ?I3
605.11.

Assigned Major Land Resource Areas by Regions and States

Neu York

Ha ine

New Hampshire

Connec t i cu t

Pennsylvania

West  Virginia

Nev J e r s ey

V i r g i n i a

Massachusetts

Delavare

101. 140, 141. 142. 1496

143, 146

144B

145

127, 147

126

149A

148

140

153c



Oklahoma

Texas

Arkansas

Louisiana

Tennessee

Mississippi

Alabama

North Carc!ina

South Carolina

Georgia

Florida

Kentucky

Puerto Rico and
Virgin Islands

Nebraska

Kansas

Minnesota

Iowa

Missouri

Wisconsin

Illinois

Michigan

Indiana

Ohio

South Dakota

78. BOA.  BLA

77, BOB. 61, 62. 03A. 838. 83C. 83D
04B. 8&C. 85. '34. 07. 133B,, 15QA,
1508. 1528

117, 118, 119. 131, 132

151

122. 123. 128

134

129, 133A. 135

130

137. 153A. 153B

136

138. ISZA, 154. 155. 156A. 1566

120. 121. 125

270. 271. 272, 273

66, 65, 71. 75. 106. 102B

72. 73. 7&, 76. 79. 112

57, 88. 89. 103

104. 107,

109. 115. 116A. 116B

90. 91, 93. 95A. 95B. 105

106. 110. 113. 114

92. 94A. 9&B. 96. 97. 96. 99

111

100. 124. 179,

53C. 55C.,SBD, 6OA. 61. 62. 63A
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North Dakota

Ycst Ru.iQn

Washington

Oregon

California

Idaho 11. 12, 13. 25. 43

nontana

Wyoming

Nevada

4&, 46. 52, 53A. 56.4, 59. 608

32. 33. 3&, %A

24, 26. 27,&28B, 47

Utah 2Bh. 117

Colorado

Arizona

NW Mexico 36. 37. 42, 70

Alaska 166, 169, 170. 171. 17: 173. 174.
175. i76, 177, 178, 179. 180, 181.
182

Hawaii

Pacific Basin

639. 66. 1OZA

539, 54, 55A, 559. 56. SBC

1. 3. 6. 7. 9

2. 8. 10. 23

4. 5, 16, 15, 16, 17, 18. 19. 20
21. 22, 30. 31

157. 158. 150, 160, 161. 162. 163.
164. 165. 166, 16i

190. 191. 192, 193. 19:, 195, 196.
197. 198. 199, 200, 201. 20:. 203
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NATIONAL BULLETIN NO. 430-9-3

SUBJECT: SO1 - SOIL IZAIIRGS  FOP PCSIICIDB  LEACHING ARD SURFACE LOSS
PORRHALS

a. To dimtribute inttrim methods u8cd to develop peeticlde
leeching end l urfece loee potentiele for uee :n section II-1 of the Field
Office Iecbnicel Guide (POTG)  end Job Control LurgueSe  (JCL) for obtaining
retiwe from the Ietional  Soil Survey Detebeee et Ames, love.

v. Thie bulletin expires September  29, 1989.

-de Used to Deven.--The Senrrel  formulae end criteria used
ere described in l ttechment I. These interim retin,Se l re to be used in
section 11-l of the POTG  to develop coil-peeticide  intersction retings.
Some retinae will need l djuetmente beeed  on local conditions ee indicated
by three footnotea.

l Slopee ,15 percent require locel eoneidcration  for surface  loss.

I Organic l oile end l oile with orSmic l urfece leyers require local
cveluetione.

4 Water table above 6 feet my require coaeideration  of water
resource we.

The retings l re Aijueted for elopee  of 2 percent or less. However, if
ratings are dev! .~>ped wing only the SOI- data, local l djuetments fr.~
elopes will be neceeeery if 53X-5  alops  ran&c  from 0 to greater tha;.
2 percent. In theee ceeee, incrcue  the l urfece lees potentiel one clsss
better. Do net make  thin adjustment if retings erc genereted using both
Map Unit Uee end SOI- data fileti.

T h e  rrtings ere BpT adjusted  for &oil8  thet heve  c::ntrasting  p a r t i c l e
classes. Stetee  may need to m&c  locel edjuetaents for theee soils.

Job Control L-.--The JCL’e (ettechment 2) were dist-ibuted
l lectronicelly to l tete remote ntuobere  by the stetisticel labor tory et
Iowa  State University. The JCL hra ‘WA1QUA.L’  ee the identifier end pro-
vides for retirys using the SOI- record, the map unit we file (MWF),
or SOI-6’s.

DIST:
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Blue DeveWm$aU.-The  perticide leeching end rurfece lose potentiels
are interim ratingI mb me under continued development. If you hew
comeate,  concerna,  or ruSSertione,  pleere  convey these to your  nrC soil
Interpretations Staff. Tar queetlonr, pleert contect ‘Dr. Don Goes,
Iletionel Soil’Survey  Center, Retlone Soil Survey Leboretory,  et
ITS 541-5363 or comerciel 402-437-5363.

Director, Soil Survey Dirieion

Enclorurem

I
1
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PESTICIDE - SOIL INTERACTION

Potentials For Loss

Don Goss

INTRODUCTION

This document describes a method used to e*?aluate the
relative potential loss of pesticides from soils. Evaluation
results are expressed as a relative potential for a specific
pesticide to be lost when used on a soil series. lhe
GLEAWS(1) model was used to estimate pesticide losses from a
large combination of hypothetical pesticides and soils. The
estimated pesticide losses were ranked according to the
amount of pesticide lost. Algorithms using soil properties
were developed to categorize soil series for leaching and
surface water loss potential. Also, algorithms using
pesticide properties were developed to categorize pesticides
for leaching and surface water loss potential. The soil and
pesticide categories are combined in a matrix to give a
pesticide loss to surface water potential and a pesticide
loss to leaching potential.

(1) GLEAMS: Ground Water Loading Effects of Agricultural
Management Systems by R. A. Leonard, W. G. Xnisel, D. A.
Still. Transactions of the ASAE Vol 30 No 5, ~~1402 419,
1987.

BOUNDARIES OF CONSIDERATION

A pesticide loss is assumed to have occurred if the
pesticide is leached below the root zone, or leaves the
field boundary in solution or adsorbed on sediment suspended
in runoff waters. Thus, the boundaries are the bottom of
the root zone and the edge of the field.

FACTORS AFFECTING RISX POTENTIAL

The potential of losing pesticides from a field by surface
water runoff or leaching below the root zone is a combined
function of pesticide, soil, and climate factors. The
pesticide loss assessments listed~in this section have been
developed by using a combination of soil and pesticide
properties. The climatic factor has not been varied. The
meteorological componc.lts  used in the rating process are for
evaluating potentials independent of climate and are not
intended to represent any climatic zone. The primary goal
was to determine the capacity of a soil to retain a
pesticide at the point of application, regardless of
management or climatic inputs.

1
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FACTORS NOT INCLUDED IN PESTICIDE LOSS POTENTIAL

Climate was not a variably in the pesticide loss potential
determination. Storm size and frequerlZ;y immediately after
pesticide application will impact the amount of pesticide
lost .to surface runoff. This loss occurs as pesticide in
solution and adsorbed on the sediment suspended in runoff
waters. Another climate related impact occurs when
pesticides that have a high leaching potential are applied
on soils vith high infiltration rates. The pesticide will
infiltrate below the root zone when a large or extended
precipitation event occurs immediately after application.
Therefore, the fact that a pesticide has been applied
produces a potential for pesticide loss. This potential for
loss occurs regardless of management practices that utilize
pesticides.

Actual climatic data vas not used in the GLEAMS model
because of the several hundred potential climates that would
require evaluation. Over 24,000 iterations of the GLEAMS
model were required to test the hypothetical soils and
pesticides without varying the climate. The meteorological
data used in the model to estimate pesticide losses was
artificially generated to represent the most likely
situations for pesticide loss mentioned above.

An indir-?ct cliaatic influence Et considered in this
assessment is goi1 temperature and moisture during the
period the pesticide resides in the soil. The persistence
or half-life of a pesticide in a soil is partially dependent
on soil moisture and temperature. The degradation of the
pesticide is favored by warm and moist climates. The
difference in half-life rates of the pesticide due to soil
moisture and temperature has not been considered. The half-
life for a given pesticide was assumed constant, regardless
of climate or geographic location.

The t pe of crop was not considered. and the method of
pestic ae application was not considered. The ?roiY7%s
'assumed fallow and the application was to the soil surface.
To consider each crop and method of application available
for a pesticide is beyond the scope of this guide.

Some soil parameters that are thought to influence pesticide
half-life rates or solubility have not been considered.
These factors include soil pH, Aluminum content, elements
toxic to microbes, and total soil surface area.

FACTORS CONSIDERED IN PEBTICIDE I.088 WTENTIAL.

Soils have been categorized according to the relative
potential for pesticide loss from the surface (soil surface

I
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loss potential), or the relative potential
loss to leaching (soil leaching potential).

for pesticide

have been categorized
The pes?~ icides

according to the same potentials
(pesticide surface loss potential or pesticide leaching
potential).

Break points for each category were based on the percent of
pesticide applied lost to surface runoff or leaching.
Multiple simulations of the GLEAMS model were used to
estimate pesticide leaching below the root zone, and
pesticide losses in runoff. The categories for soil
potentials are:

High
Intermediate
Nominal

The categories for pesticide potentials are:

Large
Uedium
Small
Total Use

The pesticide vas applied to the surface of a fallow soil
sixteen, eight, four, and two days before, and on the day of
the first major precipitation event. A 3.5 inch
precipitation event was generated every second day for five
events, and then a 1.0 inch event every other day for at
least four times the half-life of the pesticide. The field
was ten acres, square in shape, with a four percent slope.
The rooting depth was set at 36 inches.

The pesticide variables tested were:

(1) half-life,
(2) solubility, and
(3) organic matter partitioning coefficient (KOc).

The soil variables tested were:

(1) surface horizon thickness,
(2) organic matter content of the surface horizon,
(3) surface texture,
(4) subsurface texture, and
(5) hydrologic soil group.

The estimated properties that vary with above inputs are:

(1) Effective saturated conductivity from texture and
hydrologic group using Table A-6, pg. A-B. U (Fallow)

(2) Bulk density from texture by NSSL method. The NSSL
method utilizes the Pedon Data Base for predicting the
most probable bulk density from texture.

3



(3) SCS curve number from Hydrologic soil group using
Table A-4, page A-5. u (Fallow, straight row)

(4) Porosity from [l - (bulk density)/2.65)]*100.
(5) Field capacity from texture using Table A-3, pg. A-4.

(6)Uwilting  point from texture using Table A-3, pg. h - 4 .

(7juSoil evaporation parameter using Table A-3, pg. A-4.

(S)VPercent sand silt,
B-4, pg. B-3. i/

and clay from texture using Table

and
(E~;s;~.AMSf;o;ield Scale Model for Chemicals, Runoff,

Agricultural Uanagement Systems;
Conservation Research Report Number 26. USDA, Science and
Education Administration. (which also applies to GLEAMS)

The climatic constraints used for this method of ranking are
somewhat rigid considering the wide variety of climates
where pesticides are used. The precipitation inputs into
the model are highly improbable in most climates. An
additional constraint is methods of pesticide application
relative to true application methods of the pesticide.
However, these ranking of soils and pesticides are relative
with no absolute definition. The categories reflect a
potential of how a soil and pesticide will interact.
Pesticide losses from this model reflect only the relative
ability of the soil to retain the pesticide at the point of
application. The interplay of climate determines  whether
the leaching or surface loss potentials are reached in a
given area.

DEVELGPNENT OF THE ALGGRITNNS

Soil and pesticide categories were developed by using the
results of multiple simulations using GLEANS. An algorithm
was developed to rank soils and pesticides for losses due
to infiltration and for losses due to surface runoff. These
algorithms were developed by ranking GLEAMS estimated
pesticide losses for leaching or runoff into three groups.
The pesticide loss would occur if a large precipitation
event occurs immediately after application. The largest
loss group has the potential for unacceptable losses
regardless of management. The lowest loss group has little
potential for loss regardless of management. The
intermediate loss group has the potential for unacceptable
losses, but may be reduced to acceptable losses by
management. Selection of soil and pesticide properties for
the algorithms was based on Factorial Analysis or Stepwise
Regression. Both methods selected the properties that most
influenced pesticide loss.
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Leaching Algorithms

The soils algorithm for ranking soils for potential loss to
leaching are:

SOIL LEACHING POTENTIAL ALGORITHM

High:

If hydrologic group
and Organic Matter
If hydrologic group
and Organic Matter times horizon 111 depth c= 5

Nominal:

If hydrologic group A and
horizon #I depth >I 65 or
B and
horizon #I depth >= 45 or

organic Hatter times
If hydrologic group =
Organic Matter times
If hydrologic group =
If hydrologic group =

Intermediate:

Everything else

C or
D.

The method of D.I. Gustafson (unpublished) was adopted and
modified to rank pesticides (Groundwatar Ubiquity Score: A
Simple Method of Assessing,Pesticide .sachability). There
are certain classes of pesticides that will probably never
be leached. These pesticides will have a small leaching
potential regardless of the soil type they *re applied.
This group of pesticides was ranked Total Use. The
pesticide algorithm for ranking pesticides for potential
loss to leaching are:

PESTICIDE LEACHING POTENTIAL ALCORITRt4

Large:
If log(half-life)*(4 - log(KOc)) >- 2.8

Small:
If log(half-life)*(4 - log(KOc)) <- 1.8

Total Use:
If (solubility  ~1 or KOc >r 10000) and
half life c 10.



I
Medium:

Everything else

The loss of pesticides in surface runoff occurs in two
phases, in the soluble and adsorbed phase. The current
algorithm considers both phases combined. However, there is
an advantage in separating these phases. This advantage is
evident in considering management alternatives. Practices
to manage water, the soluble phase, could be different than
practices to manage sediment, the adsorbed phase. The
algorithms for surface losses are not as definite as the
algorithms for leaching. The number of factors corollary to
surface losses are much greater than those to leaching
losses . The algorithm for ranking soils for potential loss
to runoff are:

SOIL SURFACE LOSS POTENTIAL ALGORITHM

High:
If log((soi1 k factor)*(hydrologic  group)"') >= 2.8

Nominal:
If log((soi1 k factor)*(hydrologic  group)"') <= 1.0

Intermediate: ’
Everything else

The algorithm for ranking pesticides for potential loss to
runof f  a re :

PESTICIDE SURFACE LOSS POTENTIAL AIGORITRM

Large:
If log(half-life)+(l.23 - log(KOc)) <= -2.4

Small:
If log(half-life)*(l.23 - log(KOc)) >= -0.4

Medium:
Everything else
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P.O. Box 2890
WWktm. D.C.
20013

February 29, 1990

NKlTCNAL HJLLETIN  N3. 430-G 7

sLB1EcT:  so1 - SXL SURVEY blwu5cRIpss

Furpose:To ensure adequate review of soil survey manuscr ipts .

Expiration Date. This bulletin eqires  February 28, 1991.

‘Ihe state conservationist is responsible for the technical accuraq of the
information in soil survey manuscripts.

States hme the responsibility to get a detailed technical review  of
manuscripts by all disciplines. as needed. This can be done through
utilization of their staffs. Additional assistance fran the NlC can be
requested.

NlC technical staffs (soil ccmservationists.  engineers, agronanists. range
conservationists, ‘etc.) need to assure that their state counterparts are
exercising adequate quality control and technical review on the information
being placed in the soil survey reports.

To perfom quality assorance.  NIC technical specialists need to periodically
review swples of the soil surveymnuscripts  frau each state. The Nl’C
Directors my request states to periodically send manuscripts to them for
review.

The NIC technical specialists spct-checkumuscripts  with the objective of
providing technical oversight and determining if their counterparts need
additional training to produce high quality reports. If deficiencies in
mauscripts  are found, the NIC technical specialists till identify training
that will correct the deficiencies andmke arrmgments  to provide  training
to the technical specialists in the state. The NIX technical specialists
will not edit the mmuscripts. They will return them to the state for edit.

Ezzk%%?-
Associate Deputy Chief
for Technology

DIST:  N, S .  T
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NlTED S’I’ATES DEPARTMENT OF AGRICULTUREPSoil Conrervacion  Service
WTC PROJECT CONTROL FORY

In:’ LQ-Q I992 Out:

WNTC Rcvicv  o f : * .G’/ s-u, VP>/ AhwJ- w4sawm &?&A ,  -rD&#o
(nmue  of docmcnt, SCS location code 6 s.fl.c. if applicable)

TO:3 D i s t r i b u t i o n  Date: A/lu, /a ?-yo

Purpoee  of Review:

Special ist
Agronomist
Biologirt
Environ. Spec.
Forester
P l e a t  Met.  spec.
Range Cons.
Recr. spec.
Rcr. Cons.
Contract Specielirt

Comments  Ret ‘d

EN-3 v
X Engineer Geologist

Enviromcntel Eng.

USE--

PROC- -

SOILS- -

IFal- -

VSFS- -

Erosion Control Lng. u.htL 7J3r22

Planning Eng.
Sed. Geologirt
Water  Hgt. (Irr)

Cultural Res. Spec.
Proj. Economist
RB Economist

RC&D Specirlimt
Water Rer. Wtcrrhcd
Water Rer. RB I hl.

Soil*
R e r .  Inv. Spec.

hf. Rcmourccr Mgt.

YSFS

-- .--
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SUGGESTED STATE SUPPLEMENT TO THE NATIONAL SOILS HANDBOOK

The soil survey manuscript is to be complete prior to
submission to the State Office.

The project leader and area conservationist are to certify
that: (1) the soil survey manuscript has had input by listed
disciplines; (2) that the mappping is complete; (3) that the
mapping matches adjoining soil surveys; (4) that soil map
unit components have been compared to soil series; (5) that
the district conservationist has tested the tables; and (6)
that the manuscript is complete.
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OVERRIDES

Many sources to problems:

- to rerate, Harvey must remove entries and rerate in 2
steps/sometimes

- when changing any entry on SIR, should rerate all ratings

- any printout that comes back is showing the computer
rating where they are different than SIR

- anything older that 1985 that has a date prior to 1985 has
not been rated to current criteria

- Harvey is rerating all of Oregon's (800) even recent SIRS

- Broderson and Ames are working out a procedure to
eliminate Ames induced problems

- ratings since 1985 have programmed in all numerical
footnotes so no need to do those by hand

- have asked NSSC to go thru all this at Interpretations
Workshop
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STATE
____________________

ALASKA
ARIZONA
CALIFORNIA
COLORADO
HAWAII
IDAHO
MONTANA
NEW MEXICO
NEVADA
OREGON
UTAH
WASHINGTON
WYOMING
____________________

GRAND TOTALS ------>

YYI N S S L D A T A B A S E  *I*
PEDON C O U N T S

Ol/May/90

xi WESTERN STATES YY

TOTAL . .
PRE1978....

1978-UP . . .
W/TAX ._...

NO TAX . .
DESCRIPTION
CORRELATED

TOTAL PRE1978

344 80
581 295
1193 529
482 212
42 7

554 129
538 296
360 137
600 261
478 205
458 265
504 162
412 191

6554

<_______ .-------_- 1978 & "p _________________>

1978-UP W/TAX NO TAX DESCRIPTION CORRELATED
_____-_ - - - - -  -__--_ -_--_____-_ ____-_____

264 29 235 207 28
286 38 248 198 38
664 116 548 341 74
270 0 262 143 8
35 17 18 21 17

425 189 236 199 59
242 72 170 95 53
231 94 137 104 72
339 14 325 181 14
193 1 192 68 18
193 4 189 122 1
342 25 317 151 25
221 9 212 93 10

_______ --__- --__-_ ___-__--__-  _____-__-_

3705 616 3089 1923 417

All of the padons in the NSSL Database.
Pedons sampled prior to 1978 by the NSSL and it's predecessor

laboratories.
Pedons sampled by NSSL beginning in 1976.
Pedons classified by states or TSC's on NSSL Soil-8 forms

returned to NSSL.
Pedons not classified by states OP TSC's.
Profile descriptions currently stored in the NSSL Database.
Pedons with a correlated series name shown on NSSL Soil-8

form returned to NSSL.
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BUSINESS MEETING MINUTES:

1. Taxonomy Committee

New committee members elected and expiration date:

Jerry Freehouf, Forest Service, Colorado 1992
Larry Munn, University of Wyoming 1992
Richard Dierking, SCS, Portland, Oregon 1993
Tom Reedy, SCS, NSSQAS, Lincoln, Nebraska 1993

2. It was agreed to disband the Soil Interpretations
Committee.

3. WRCC Committee members elected:

Larry Munn, University of Wyoming - Chairman
Gene Xelly, Colorado State University - Secretary

4. It was agreed that the 1992 conference be held in
Flagstaff, Arizona.

Wayne Robbie - Conference Chairman
Dave Hendricks - Conference Co-Chairman
Davie Richmond - Secretary

Other committee members:

Bob Klink - BIA
Russ Kraft - BLM
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