National Range and
Pasture Handbook

United States Issued June 2022
Department of

Agriculture

Natural
Resources
Conservation
Service

Handbook
Number 645

The U.S. Department of Agriculture (USDA) prohibits discrimination in its programs on the basis of race, color, national origin,
sex, religion, age, disabilities, political beliefs, and marital and family status. Mention of a trade name in this publication is solely
to provide specific information and does not imply recommendation or endorsement by the U.S. Department of Agriculture over
others not mentioned.



Title 190 — National Range and Pasture Handbook

645.0001 National Range and Pasture Handbook Contributors

Note: Unless otherwise attributed, all Authors, Contributors, and Peer reviewers are USDA-NRCS specialists.

Subpart A — Grazing Land Resources

Author: Dr. Kenneth E. Spaeth, Jr., Rangeland
Management Specialist, USDA-NRCS, NGLT,
Fort Worth, TX

Contributors and Peer Reviewers

Nadine Bishop — Nebraska

Bob Gillaspy — ACES

Tom Hilken — NHQ

Kari Littrel — Oregon

Michael Margo — NHQ

Rachel Meade — Colorado

Daimon Meeh — New Hampshire

Aaron Miller — SPSD

Patti Novak — Nevada

Johanna Pate — NGLT

Brenda Simpson — NGLT

Carolyn Wong — Hawaii

Scott Woodall — Arizona

Subpart C — Resource Concerns and Trends
on non-Federal Range Lands: National
Resource Inventory (NRI) Analyses and
Implications for Conservation Planning

Author: Dr. Kenneth E. Spaeth, Jr., Rangeland
Management Specialist, USDA-NRCS, NGLT,
Fort Worth, TX

Contributors and Peer Reviewers

Tracy Cole — Alabama

Chris Ebel — Louisiana

Bob Gillaspy — ACES

Tom Hilken — NHQ

Michael Margo — NHQ

Rachel Meade — Colorado

Johanna Pate — NGLT

Doug Spencer — Kansas

Subpart D — Conservation Planning on
Grazing Lands

Subpart B — Ecological Sites, Ecological Site
Descriptions: Ecological Classification as a
Concept and Use in Conservation Planning
and Monitoring

Authors:

Dr. Kenneth E. Spaeth, Jr., Rangeland
Management Specialist, USDA-NRCS, NGLT,
Fort Worth, TX

Bob Gillaspy, Resource Conservationist, USDA-
NRCS, ACES, Vancouver, WA

Michael Margo, National Grazing Lands
Coordinator, USDA-NRCS, NHQ

Contributors and Peer Reviewers

Nadine Bishop — Nebraska

Karen Clause — Wyoming

Tom Hilken — NHQ

Kendra Moseley — SPSD

Aaron Miller — SPSD

Patti Novak — Nevada

Johanna Pate — NGLT

Richard Reid — CNTSC

Brenda Simpson — NGLT

Scott Woodall — Arizona

Author: Johanna Pate, Leader, National Grazing
Lands Team, USDA-NRCS, Fort Worth, TX

Contributors and Peer Reviewers

Philip Brown — Georgia

Shane Green — NGLT

Tom Hilken — NHQ

Preston Irwin — CNTSC

Kari Littrel — Oregon

Michael Margo — NHQ

Rachel Meade — Colorado

Kendra Moseley — SPSD

Kevin Ogles — ENTSC

Brenda Simpson — NGLT

Karin Sonnen — Alaska

Tammy Swihart — Tennessee

Subpart E — Inventory, Assessments and
Monitoring for Grazing Lands

Authors:
Brenda Simpson, Rangeland Management
Specialist, USDA-NRCS, NGLT, Fort Worth, TX
Dr. Kenneth E. Spaeth, Jr., Rangeland
Management Specialist, USDA-NRCS, NGLT,
Fort Worth, TX
Shane A. Green, Rangeland Management Specialist,
USDA-NRCS, NGLT, Fort Worth, TX
Contributors and Peer Reviewers
e Laura Burkett — ARS
e Emilio Carrillo — Arizona
e Dwain Daniels - CNTSC

(190-645-H, June 2022)

645-1.2



Title 190 — Part 645 — National Range and Pasture Handbook

e Gene Fults, ret. — ACES

o Ken Gishi — Arizona

Dr. Jeff Herrick — ARS
Tom Hilken — NHQ
Preston Irwin — CNTSC
Katherine Macfarland — USFS
Dr. Sarah McCord — ARS
Jennifer Moffitt — Oregon
Kevin Ogles — ENTSC
Johanna Pate — NGLT
Matthew Smith — USFS
Richard Straight — USFS
Dr. Pat Shaver, ret. — NRCS
Curtis Talbot — SPSD

Chris Tecklenburg — SPSD
Steve Woodruff - ENTSC

Subpart H — Livestock Nutrition, Husbandry,
and Behavior

Subpart F — Management of Grazing Lands

Authors:

Brenda Simpson, Rangeland Management
Specialist, USDA-NRCS, NGLT, Fort Worth, TX

Kevin Ogles, Grazing Lands Specialist, USDA-
NRCS, ENTSC, Greensboro, NC.

Contributors and Peer Reviewers

Phillip Brown — Georgia

William Byrum — ENTSC

Bethany Munoz Delgado — GEO

Bob Gillaspy — ACES

Shane Green — NGLT

Tom Hilken — NHQ

Laurie Schoonhoven — NHQ

Steve Woodruff — ENTSC

Authors:
Johanna Pate, Leader, National Grazing Lands
Team, USDA-NRCS, Fort Worth, TX
Thomas Hilken, National Grazing Lands
Management Specialist, USDA-NRCS, NHQ
Renee Leech, Animal Scientist, National Animal
Manure and Nutrient Management Team, USDA-
NRCS, ENTSC, Greensboro, NC.
Dr. Steven Smith, National Animal Husbandry
Specialist, USDA-NRCS, NHQ
Glenn Carpenter, National Leader Animal
Husbandry (retired), Rockbridge Baths, VA
Contributors and Peer Reviewers
e Shane Green — NGLT
e Daniel Ludwig — Pennsylvania
e Brenda Simpson - NGLT
e Chuck Stanley — CNTSC

Subpart | — Wildlife Management on Grazing
Lands

Subpart G — Rangeland Ecohydrology

Authors:

Dr. Kenneth E. Spaeth Jr., Rangeland Management
Specialist, USDA-NRCS, NGLT, Fort Worth, TX

Dr. Mark Weltz, USDA-ARS, Research Leader,
Great Basin Rangelands Research, Reno, NV

Dr. Jason Williams, USDA-ARS, Research
Hydrologist SW Watershed Research Center,
Tucson, AZ

Dr. Fred Pierson, USDA-ARS, Research Leader,
NW Watershed Research Center, Boise, ID

Contributors and Peer Reviewers

Mark Hayek — North Dakota

Tom Hilken — NHQ

Preston Irwin — CNTSC

Michael Margo — NHQ

Susan Parry — Pennsylvania

Johanna Pate — NGLT

Brenda Simpson — NGLT

Authors:
Lee Davis, Biologist, USDA-NRCS, CNTSC, Fort
Worth, TX
Curtis Bradbury, State Biologist, USDA-NRCS,
Bismarck, ND
Steven Bertjens, State Biologist, USDA-NRCS,
Madison, WI
Brian Jensen, State Wildlife Biologist, USDA-
NRCS, Casper, WY
Andy Burr, State Biologist, USDA-NRCS, Salina,
KS
Contributors and Peer Reviewers
e Danielle Flynn — NHQ
Tom Hilken — NHQ
Michael Margo — NHQ
Johanna Pate — NGLT
Michael Sams — Oklahoma

Subpart J — Prescribed Burning

Authors:
Chuck Stanley, Rangeland Management Specialist,
USDA-NRCS, CSNTC, Fort Worth, TX
Brenda Simpson, Rangeland Management
Specialist, USDA-NRCS, NGLT, Fort Worth, TX
Contributors and Peer Reviewers
e Bob Gillaspy — ACES
John Hartung — Wyoming
Tom Hilken — NHQ
Brandon Reavis — Oklahoma
Christine Taliga — NPDT

(190-645-H, June 2022)

645-1.3


https://www.ars.usda.gov/pacific-west-area/reno-nv/great-basin-rangelands-research/

Title 190 — Part 645 — National Range and Pasture Handbook

Subpart K — An Ecosystem View of Range
and Pasture Soil Health

Subpart N — Glossary of Terms

Author: Dr. Kenneth E. Spaeth, Jr., Rangeland
Management Specialist, USDA-NRCS, NGLT,
Fort Worth, TX

Contributors and Peer Reviewers

e Stan Boltz — SPSD

e Adam Jones — Kentucky

e Rachel Seaman Varner —- NHQ

Subpart L — Grazing Land Economics

Authors:

Bryon Kirwan, Economist, USDA-NRCS, CNTSC,
Fort Worth, TX

Lynn G. Knight, co-Director of the USDA Northeast
Climate Hub, and Regional Economist, USDA-
NRCS, ENTSC

Lakeitha Ruffin, Agricultural Economist, USDA-
NRCS, Portland, OR

Contributors and Peer Reviewers

Leah Duzy — Alabama

Hal Gordon — WNTSC

Tom Hilken — NHQ

Michael Margo — NHQ

Johanna Pate — NGLT

Steve Woodruff — ENTSC

Fumiko Yamazakhi — CNTSC

Contributors and Peer Reviewers
e Shane Green — NGLT
e Johanna Pate — NGLT

Definition of Affiliations

ACES Agriculture Conservation Experienced
Services program for retirees

ARS USDA-Agricultural Research Service

CEAP Conservation Effects Assessment Project

CNTSC  NRCS-Central National Technical Support
Center, Fort Worth, TX

ENTSC NRCS-East National Technical Support
Center, Greensboro, NC

GEO USDA Farm Production and Conservation,
Geospatial Enterprise Operations Branch
(GEO)

NGLT NRCS-National Grazing Lands Team, Fort
Worth, TX

NHQ NRCS-National Headquarters Staff,

Washington, DC

NPDT National Plant Data Team

NRCS USDA Natural Resources Conservation
Service

SPSD NRCS-Soil and Plant Science Division

USFS US Forest Service

WNTSC  NRCS-West National Technical Support
Center, Portland, OR

Subpart M — Pollinator Habitat
Considerations for Range and
Pasturelands

Authors:
Christine Taliga, Plant Ecologist, USDA-NRCS,
NPDT, Fort Collins, CO
Dr. Ray Moranz, XERCES/NRCS Grazing Lands
Pollinator Ecologist, USDA-NRCS, CNTSC, Fort
Worth, TX
Contributors and Peer Reviewers
e Sarah Hamilton Buxton — Xerces Society for
Invertebrate Conservation
Lee Davis — CNTSC
Mark Garland — ENTSC
Ed Henry — NHQ
Tom Hilken — NHQ
Jennifer Hopwood — Xerces Society for
Invertebrate Conservation
Michael Margo — NHQ
Dr. Gerry Moore — ENTSC
Johanna Pate — NGLT
Deedee Soto — Xerces Society for
Invertebrate Conservation
e Dr. Kenneth E. Spaeth, Jr— NGLT

Previous version of the handbook

While many specialists worked on this revision, the
former authors listed below are thanked for the
foundation they built, the expertise and leadership
they shared, and their continued involvement of
moving the grazing discipline forward.

This National Range and Pasture Handbook was
originally produced by the Natural Resources
Conservation Service's Grazing Lands Technology
Institute (GLTT), Fort Worth, Texas, Rhett H.
Johnson, director. Larry D. Butler, Ph.D., rangeland
management specialist, was the primary technical
editor and day-to-day project coordinator.

NRCS Authors
Larry D. Butler, George L. Peacock
Ph.D. Patrick L. Shaver
James B. Cropper Kenneth E. Spaeth, Jr.,
Rhett H. Johnson Ph.D.
Arnold J. Norman

Other Authors
Frederick B. Pierson, Jr., Ph.D., ARS
Mark A. Weltz, Ph.D., ARS

GLTI Contributor
Dianne W. Johnson, secretary

(190-645-H, June 2022)

645-1.4



Title 190 — Part 645 — National Range and Pasture Handbook

Other NRCS Contributors Production
F.E. Busby, Ph.D. Arnold Mendenhall Editing and desktop publishing were provided by the
Greg Hendricks Stephen A Nelle National Cartography and Geospatial Center's
Greg E. Huber Dan Robinette Technical Publishing Team, Fort Worth, Texas:
B. Ted Kuntz James L. Robinson Mary R. Mattinson
Robert Leinard Dennis W. Thompson Suzi Self
Joe May V. Keith Wadman Wendy R. Pierce

645.0002 Preface

A. The National Range and Pasture Handbook (NRPH) provides the Natural Resources Conservation
Service (NRCS) with technical information, methodologies, and procedures for assisting land
managers, farmers, ranchers, organizations, governmental units, and soil and water conservation
districts in planning and applying conservation on non-Federal grazing lands across the United States.
This handbook was prepared primarily for NRCS, but other users will find the information
informative.

B. The NRPH was developed by NRCS grazing lands specialists using their experience, “thunder
books,” libraries, literature reviews, land grant university publications, interagency technical notes,
current analyses of resource data, partnering agencies’ manuals, and many other scientific
publications as a source for technical information. Collaboration among partners include the USDA-
Agriculture Research Service, USDI-Bureau of Land Management, U.S. Forest Service, Xerces
Society for Invertebrate Conservation, land grant universities, State agencies, consultants, researchers,
and many others who help provide the advancement of technology on grazing lands and the grazing
discipline. A list of the authors, contributors, and reviewers of this handbook are in section 645.001.
The previous authors are thanked for the foundation they built, the expertise and leadership they
shared, and their continued involvement in moving the grazing discipline forward. The authors would
also like to thank Jerry Bernard, editor, ACES — National Experience Workforce Solutions, for all his
work, expertise, and professionalism in editing and formatting this version of this handbook.

C. The purpose of this NRPH is to provide technical updates to concepts, terminology, practices and
procedures, ecological principles, and conservation management applications. It replaces the previous
NRPH editions (2003, 1997, 1987, 1976, 1942, 1938), which were written predominantly to be
applicable only on rangelands and other native grazing lands. In addition to providing guidance for
rangelands, this handbook includes more information and guidance on pasturelands, haylands, grazed
forests, grazed croplands, and naturalized pastures.

D. Changes to this revision include using scientific citations in the text. A list of references is
provided at the end of each subpart, showing the cited literature. This improves transparency on
sources of information, credits, and attributes original authors and creators. The references also
increase accessibility of finding additional information, document the advancement of research, and
build integrity and trust in the information provided in this handbook as a national document for
NRCS staff working on grazing lands. This document is available as a free download from the
NRCS‘s eDirectives Electronic Directives System. Updates to the individual subparts:

(1) Combine authority, mission, and policy in this Preface.

(2) Greatly expand and revise many sections, including new subparts on Resource Concerns and
Trends on non-Federal Grazing Lands: National Resource Inventory (NRI) Analyses and
Implications for Conservation Planning (Subpart C); Prescribed Burning (Subpart J); An
Ecosystem View of Range and Pasture Soil Health (Subpart K); and Pollinator Habitat
Considerations for Range and Pasturelands (Subpart M).

(190-645-H, June 2022)
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(3) Include information on Ecological Sites, Ecological Site Descriptions: Ecological
Classification as a Concept and Use in Conservation Planning and Resource Monitoring
(Subpart B)

(4) The concept of forage suitability groups has been replaced with pasture states with specific
pasture interpretations as depicted in the ecological site state-and-transition model.

(5) Add new tools to Grazing Land Economics (Subpart L)

(6) Add new protocols and methodologies to the Inventory, Assessment, and Monitoring of
Grazing Lands (Subpart E)

(7) Expand the Inventory section in the Wildlife Management on Grazing Lands (Subpart I) to
include Wildlife Habitat Evaluation Guide information.

E. This handbook contains information to assist the NRCS conservationist in providing technical
assistance to cooperators in all phases of the conservation planning process. Other sources of
information and guidance include the National Range and Pasture Manual, the National Planning
Procedures Handbook, General Manual, National Instructions, Technical Notes, and other appropriate
NRCS technical and policy guidance documents and handbooks.

F. Specifically, this handbook covers the study, inventory, analysis, treatment, and management of
grazing lands resources, while the 2021 National Range and Pasture Manual sets forth the NRCS
policy for conservation planning on grazing lands at
https://directives.sc.egov.usda.gov/viewerFS.aspx?hid=46772. The purpose of this new NRPH
handbook is to provide guidance to NRCS planners when assisting clients with development of
grazing management plans on grazing lands including pasture, rangeland, grazed forest, hayland, and
grazed cropland.

G. The appendices in this handbook are to be considered an official part of the handbook. This
handbook is found on eDirectives Electronic Directives System in Handbooks, Title 190 — Ecological
Sciences at https://directives.sc.egov.usda.gov.

645.0003 Authority

A. The Soil Conservation Act, passed by Congress, and signed into law in 1935 by President
Franklin D. Roosevelt, declared that “the wastage of soil and moisture resources on farm, grazing,
and forest lands...is a menace to the national welfare,” and directed the Secretary of Agriculture to
establish the Soil Conservation Service (which became the Natural Resources Conservation Service
in 1994) as a permanent agency to extend conservation assistance and technology to landowners.

B. The authority to assist in applying sound conservation on private lands is provided through the
authorities charged to the Secretary of Agriculture and delegated to the Under Secretary for Farm
Productions and Conservation (as defined in 7 CFR Section 2.16), who in turn, has provided that
authority to the NRCS Chief through 7 CFR Section 2.43.

C. The Conservation Technical Assistance Program (CTAP) is the foundation of the Nation’s Federal
conservation efforts on private lands, which is implemented in cooperation with NRCS’s partners.
CTAP is delivered to decision makers, Tribes, units of governments, and nongovernmental
organizations in all 50 States, the District of Columbia, Puerto Rico, U.S. Virgin Islands, Guam,
American Samoa, the Commonwealth of the Northern Mariana Islands, the Federated States of
Micronesia, the Republic of Palau, and the Marshall Islands. NRCS, through CTAP, provides
conservation technical assistance to individuals, communities, and units of government to improve
the long-term sustainability of the natural resource base on cropland, forestland, grazing lands, coastal
lands, and developed or developing lands. Conservation technical assistance on Federal lands
involving a significant amount of NRCS resources can be provided only through formal agreements
(Title 440, Conservation Programs Manual, Part 525, Subpart A, Section 525.1E).

(190-645-H, June 2022)
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D. The specific authority to provide grazing lands conservation assistance is found in 7 CFR Section
2.16a3 (xiii)(I). Conservation of Private Grazing Lands is authorized by section 1240M of the Food
Security Act (16U.S.C. 3839bb). That specific code states: “It is the purpose of this section to
authorize the Secretary to provide a coordinated technical, educational, and related assistance
program to conserve and enhance private grazing land resources and provide related benefits to all
citizens of the United States by—

(1) establishing a coordinated and cooperative Federal, State, and local grazing conservation
program for management of private grazing lands;

(2) strengthening technical, educational, and related assistance programs that provide assistance
to owners and managers of private grazing lands;

(3) conserving and improving wildlife habitat on private grazing lands;

(4) conserving and improving fish habitat and aquatic systems through grazing land conservation
treatment;

(5) protecting and improving water quality;

(6) improving the dependability and consistency of water supplies;

(7) identifying and managing weed, noxious weed, and brush encroachment problems on private
grazing lands; and

(8) integrating conservation planning and management decisions by owners and managers of
private grazing lands on a voluntary basis.”

645.0004 Mission

The mission of NRCS is to improve the health of the Nation’s natural resources, while sustaining and
enhancing the productivity of American agriculture. NRCS achieves this by providing voluntary
assistance through strong partnerships with private landowners, managers, and communities to
conserve, protect, restore, and enhance the lands and waters upon which people and the environment
depend. NRCS has specific responsibility to assist owners and operators of grazing lands in planning
and applying conservation programs on the privately controlled land in their operating units
(Amendment 4, Title 9, Administrative Regulations, May 17, 1954; and Comptroller General’s
Opinion B-115665 of October 1, 1953, 33CG:133) (Title 190, National Range and Pasture Handbook,
190-NRPH).

645.0005 Goal

A. There are approximately 600 million acres of non-Federal (privately owned, State and local
publicly owned, and tribally owned) grazing lands in the United States. Non-Federal grazing lands
occur in every State. These rangelands, pasturelands, haylands, grazed forest lands, grazed croplands,
and naturalized pastures constitute about half of the total lands on which the NRCS provides technical
assistance.

B. The goal of NRCS grazing lands activities is to provide the management, enhancement, and,
where necessary, restoration of privately owned grazing lands throughout the United States through a
voluntary technical assistance program that results in multiple environmental, social, and economic
benefits. The broad public benefits that will result from well managed grazing lands include:

(1) Conservation of grazing lands ecosystems
(2) Prevention of soil erosion

(3) Maintenance or enhancement of soil health
(4) Sustained forage and livestock production
(5) Improved water yield and quality

(6) Maintaining diverse wildlife habitat

(190-645-H, June 2022)
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(7) Maintaining and enhancing species diversity
(8) Aesthetics and open space
(9) Quality recreational opportunities

645.0006 Policies

NRCS policy is to maintain high standards of technical quality in all activities related to grazing
lands. The National Range and Pasture Manual provides guidance to NRCS planners when assisting
clients with developing grazing management plans on grazing lands, including pastureland,
rangeland, grazed forestland, hayland, and grazed cropland. The manual describes the policy for
technical assistance on grazing lands while this supporting handbook provides the technical
information, methodologies, and procedures for conservation planners to carry out policy on grazing
lands. See Subpart D, Conservation Planning on Grazing Lands, for additional information. The
manual can be downloaded at https://directives.sc.egov.usda.gov/viewerFS.aspx?hid=46772.
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Subpart A — Grazing Land Resources

645.0101 General Information
A. Extent
(1) The two major global terrestrial land types are rangeland and forestland. Rangeland

includes natural grasslands, savannas, shrublands, many deserts, tundra, alpine
communities, marshes, and meadows. About 35 percent of the land area in the world is
grasslands and woodlands, 21 percent sparse and barren lands, 28 percent forest and
woodlands, and 12 percent farmland (see table A-1). Estimates of rangeland throughout
the world vary. Summaries by Lund (2007) show a rangeland as 18—80 percent of the
landscape. The differences are based on land surface, ice-free land surface, ground surveys
and inventories, remote sensing, and soil maps. Heitschmidt and Stuth (1991) estimate that
rangelands occupy 47 percent of the world’s land area; Mannetje (2002) estimates 50
percent.

Table A-1. Global extent of land use categories (Food and Agriculture Organization (FAQO)
2011). Global land area = (32.6 billion acres; 13.2 billion hectares)

2

3)

Terrestrial Land Cover Types Acres billion (hectares) % of Land Area
Grasslands and Woodlands 11.4 (4.6) 35
Forest 9.1 (3.7 28
Sparsely Vegetated (Barren Lands) 6.9 (2.8) 21
Cultivated lands 4(1.6) 12
Settlement and Infrastructure 0.37 (0.15) 1.2
Inland Water 0.59 (0.24) 2

Land use and land cover are often related, but they have different contexts among land
management agencies. The Economic Research Service states that “Land use involves an
element of human activity and reflects human decisions about how land will be used. Land
cover refers to the vegetative characteristics or manmade constructions on the land’s
surface. Land use is generally determined by surveys based on field observations or
enumeration, while land cover is generally determined using remote sensing techniques or
interpretation of aerial photography” (ERS 2019). Figure A-1 shows the distribution of the
world’s rangelands based on land cover. Table A-2 summarizes land use and cover data
for Federal and non-Federal land in the United States.

Federal lands managed by federal agencies such as the Bureau of Land Management
(BLM), U.S. Forest Service (USFS), National Park Service (NPS), National Wildlife
Refuge System managed by the U.S. Fish and Wildlife Service (FWS), Army Corp of
Engineers, and U.S. military bases amount to about 26.0 percent (about one-quarter) of
U.S. lands (Figure A-2). Almost half (48.6 percent) of the 13 Western States are Federal
lands.
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Figure A-1. Rangeland (land cover) of the world. Information & Education (I&E) and Remote
Sensing & GIS committees of the Society for Range Management (SRM).
https://www.webpages.uidaho.edu/what-is-range/rangelands_map.htm

Figure A-2. Federal lands in the United States.
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Table A-2. Land use and land cover estimates for the United States, by source (millions of acres)

(ERS 2019).
1 , | USGS? 3
usrst | BIM' 1 nusst | Cemsus | ppgian | NREST 1 Gilana | BIM
. (area . Bureau (all non- (area
Land Use Categories (all forest (land in land and
vt managed o) (urban m— Federal water managed
by BLM) areas) land) ) by BLM)
Forest/woodland 751 11 75 -- 671 409 600 69
—Forest in timber use N/A 11 46 -- 544 N/A N/A N/A
—Forest in grazed uses N/A N/A 29 -- 127 N/A N/A N/A
Permanent
pasture/range -- 158 409 -- 614 529 995 174
Range - - -- -- -- 406 - --
Pasture -- -- -- -- -- 121 -- --
Cropland -- -- 406 -- 408 390 311 --
Urban areas -- -- -- 68 61 112* 102 --
Rural parks, wilderness
areas -- 2 -- -- 252 -- -- --
Rural transportation -- -- -- -- 26 * -- --
Other -- 85 32 -- 232 504 373 13
Total area included in
estimates 751 256 922 68 2,264 1,944 2,381 256

Total U.S. land area: 2,264 million acres (source: Census Bureau)

Total U.S. land and water area: 2,381 million acres (source: USGS)

Year estimates were

derived 2007 2007 2007 2010 2007 2007 2006** 2007
Number of U.S. States
included 50 26# 50 50 50 49% 50 26#
'Land use.

2 Hybrid land use/land cover.

3 Land cover.

* NRCS combines Urban areas and Rural Transportation into a Developed Land category. NRCS estimates exclude AK.
** USGS data are from 2006, except AK and HI estimates are from 2001.

N/A = Not Applicable.

# = BLM estimates exclude States that do not contain surface acres managed by BLM.

B. Rangeland Uses and Benefits

(1

2

Rangelands throughout the world are and will continue to be affected by increasing world
population (projected to increase by 40 percent by 2050), especially for food and fiber
production and other ecosystem services (Holechek 2013). The outcomes and future issues
in the years ahead for rangeland managers will include geopolitical stresses, increasing
pressure to produce food and fiber, financial pressures (higher interest rates, higher
production costs), and biological and environmental risks (impacts of climate variability).
Survivability mechanisms for rangeland producers include low risk approaches to
livestock production that involves conservative stocking, use of highly adapted livestock,
and application of behavioral knowledge of livestock to efficiently use forage resources
(Holechek 2013).

Rangelands provide many goods and services, and USDA is committed to providing
conservation technical assistance to private land users and others in addressing the various
ecosystem goods and services (EGS) that may be available (figure A-3).
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Figure A-3. Interacting elements of rangeland landscapes that determine vegetation structure and
dynamics with resulting effects on ecosystem goods and services: (1) historical legacies of past
climate, disturbances, and human activities, (2) environmental drivers, (3) transport vectors, such
as the run-on and runoff of water associated with site hydrologic dynamics, (4) redistribution of
resources, such as soil, nutrients, and seeds, and (5) the soil-geomorphic template (after Alcamo et
al. 2003; Peters et al. 2006; Havstad et al. 2007).

Rangeland plant communities are multivariate in nature. They are unique because of

plants, soils, hydrology, climate, and management response mechanisms. Rangeland plant

communities produce a unique set of benefits and services. Basic categorical EGS uses

are:

(1) Rangeland watersheds and their supply of freshwater for domestic, municipal,
industrial, and commercial uses

(i) Origin and maintenance of soils and their buffering capacity

(iii) Livestock products

(iv) Wildlife habitat

(v) Pollen source

(vi) Flood protection

(vii) Scenery

(viii) Recreation and tourism

(ix) Wood products

(x) Industrial products

(xi) Minerals

(190-645-H, June 2022)
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(xii) Ecological continuity
(xiii) Plant diversity and genetics
(xiv) Aesthetic, cultural and spiritual renewal

(3) In summary, public and private rangeland resources provide a wide variety of EGS.
Additionally, spiritual values are vital to the well-being of ranching operations,
surrounding communities, and the nation as a whole. Society is placing multiple demands
on the nation’s natural resources, and it is extremely important that NRCS be able to
provide resource data and technical assistance at local and national levels.

(4) Rangelands are in constant jeopardy, either from misuse or conversion to other uses.
Holechek et al. (2004) and Holechek (2013) states that in the next 100 years, up to 40
percent of U.S. rangelands could be converted and lost to other uses. Land-use shifts from
grazing use to urbanization will be much greater in areas of more rapid population
increases and associated appreciating land values. Projections supporting forage demand
suggest that changes in land use will decrease the amount of land available for grazing to a
greater extent in the Pacific Coast and Rocky Mountains, compared to the North or South
Assessment Regions (Mitchell 2000).

(5) As society attempts to satisfy multiple demands with limited resources, many ranching and
farming operations seek to expand operations for multiple goods and services beyond
traditional cattle production. Some diversified enterprises may include the following:

(i) Management to enhance wildlife abundance and diversity for fishing, hunting and non-
hunting activities

(il) Maintaining habitat for rare plants

(iii)) Accommodating nature enthusiasts, bird watchers, and amateur botanists.

(6) Planning, evaluation, and communication are necessary steps (consult conservation
planning steps) prior to initiating any new rangeland EGS-based enterprises.

645.0102 Grazing Land Definitions

A. Rangeland

(1) Rangeland is a land cover or use composed of grasses, grass-like plants, forbs, shrubs, and
trees that is typically unsuited to cultivation because of physical limitations such as low
and erratic precipitation, rough topography, poor drainage, or cold temperatures.
Rangeland can include the following:

(i) natural lands that have not been cultivated and consist of a historic complement of
adapted plant species; and

(i1) natural (go-back lands, old-field) or converted revegetated lands that are managed like
native vegetation. Note: The USDA-NRCS rangeland Natural Resources Inventory
(NRI) includes this designation in their definition of rangeland. In assessing rangeland
conditions and health, keeping these designations separate would provide for more
detailed information about rangeland trends and health.

(2) Converted rangelands can include lands seeded to native species, and/or introduced hardy
and persistent plant species (grasses, grass-like plants, forbs, shrubs, and trees). However,
previously cultivated rangelands that have been reseeded to native or introduced adapted
species do not truly represent both soil and plant dynamics of the historic native plant
community. The ecological state may be classified as “converted” in ecological site state-
and-transition models. Natural grasslands, prairies, savannas, chaparral, shrublands,
pinyon-juniper (depending on tree stature and canopy closure, see forestland definition
below), steppes, many deserts, tundra, alpine communities, marshes and meadows are
classified as rangeland. Rangelands provide numerous products and services (see above)
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and are a primary source of forage for livestock and for wildlife. Rangelands may be

harvested by haying equipment and for seed production.

Rangeland comprises over two-thirds of the Nation’s watershed area (FAO 1990) and

provides a significant part of its water supply. The increasing importance of water has

added a new dimension in range management strategies. In the Southwestern and Western

United States, rangeland watersheds are the source of most surface water flow and aquifer

recharge. Management on these lands can have a positive or negative effect on plant cover

and compositional change, which ultimately influences water quality and quantity.

Rangelands have diverse physical characteristics due to climate, soil, topography, and

physiography. Physical properties determine types and amounts of vegetation,

productivity, and types and carrying capacity of livestock and wildlife.

(i) Rangelands are also important pools of soil organic carbon stored in soil and
vegetation (figure A-4). On a global basis, 9.1 billion ac (3.7 billion ha) of rangeland
stores about 2025 percent of the total global terrestrial carbon (306-330 Petagrams of
organic carbon and 470-550 Petagrams of inorganic carbon) (A petagram (Pg) is a
unit of mass equal to 10'° grams) (Batjes 1996; Kimble et al. 2001). On rangelands,
carbon sequestration dynamics are quite complex, and estimation of rates and amounts
are systematically more difficult than cultivated croplands (Schuman et al. 2002). This
is because rangelands have more heterogeneous soil characteristics, wide daily
temperature fluctuations, intermittent precipitation, and diverse vegetation life and
growth forms (productivity, root-shoot ratios, herbivore use, and imposed disturbance
and management practices).

(ii) Globally, forests (1.2—1.4 Pg Carbon yr'') and cropland (0.4—1.2 Pg Carbon yr'') have
the largest potentials for sequestering carbon, although grazing lands (range and
pasturelands) can contribute up to 10 percent of the overall terrestrial sink capacity.
On a global perspective, rangelands occupy about half of the world’s land area, 10
percent of the terrestrial biomass, and 10-30 percent of the soil organic carbon
(Schlesinger 1997). An average estimate of globally sequestered soil carbon on
rangelands is 0.5 Pg Carbon yr'' (Schlesinger 1997; Scurlock and Hall 1998). Table A-
3 shows global and U.S. potential carbon storage for varied terrestrial biomes.
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Figure A-4. Average soil organic matter content for selected soil orders on rangeland. (Spaeth
2020).

Table A-3. Yearly potential carbon storage in terrestrial biomes (United States and globally)
(Spaeth, 2020). A petagram (Pg) is a unit of mass equal to 10'° grams.

Land Use Activities United States (Pg yr') | Globally (Pg yr)
Afforestation, agroforestry, natural
. 1.2-1.4
forest succession, peatlands
Natural forest plantings (plantations) 0.2-0.5
Improved forest management
USFS National Forest System 0.0317-0.0500 0.08
Rangelands improved management 0.0054-0.0160
Pastureland grazing management 0.0046-0.0190
Pastureland fertility management 0.0015-0.0031
Pastureland manure management 0.0036-0.0090
Pastureland improved species 0.0008-0.0023
Total grazing land intensification and 0.0160-0.0504
. 0.3-0.5
improvement (avg. 0.033)
Desertification control 0.2-0.7
Management of salic soils 0.3-0.7
Cropland conservation and cultural 0.1440-0.4320 04-1.85
practices (avg. 0.2880) o
. 2.55-4.96
Total potential 0.2000-0.4800 (ave. 3.8)

B. Pastureland

Pastureland, often called improved pasture or tame pasture, is a land use where introduced or
domesticated (tame) and/or native forage species mixtures are established through seeding,
sprigging, etc. that can be grazed and/or intermittently hayed or deferred for environmental
purposes. Various degrees of management inputs may be applied, such as fertilization, liming,
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overseeding with grasses and legumes, mowing, remedial tillage, and irrigation. Pasture
vegetation can consist of grasses, legumes, other forbs, shrubs, trees, or mixtures of plant life
forms. Croplands seeded to temporary cover crops that are grazed are not typically classified
as pasture. Holding pens, corrals, and loafing lots in or near barns, dairy facilities, etc. are not
classified as pasture. Pasturelands can provide benefits other than forage for livestock such as
wildlife habitat and use, watershed sources, zones for reducing runoff and erosion control,
recreational, and aesthetic purposes.

C. Other Grazing Lands

Most grazing lands are considered either range or pasture, but grazing lands also include
grazed forest lands, grazed croplands, and haylands. These other land use types make up an
additional 106 million acres of privately-owned grazing lands, or about 17 percent of the total
U.S. grazing lands.

(i) Naturalized pasture is cleared, converted, past cultivation, and “old-field” or “go-back
land.” It is forestland and cropland that primarily contain introduced species that are
largely adapted and have become established without agronomic and cultural inputs,
persist under the current conditions of the local environment, and are stable over long time
periods. Naturalized pasture is different from rangeland in that rangeland includes the
following:

e Natural lands that have not been cultivated and consist of a historic complement of
adapted plant species.

e Natural (go-back lands, old-field) or converted revegetated lands that are managed like
native vegetation. Naturalized pasture, some rangelands that have been disturbed, and
old-field or go-back lands have overlapping concepts and grey areas. A guideline to
differentiate naturalized pasture from rangeland (as defined from part 2 of the
rangeland definition above) can be based on the type of plants that currently occupy
the site (e.g., early seral species, tropical plant species, or predominantly cool season
forage grasses that have become naturalized without seeding or other establishment
methods).

e Some forest lands may persist as naturalized pasture after disturbance; however, over
time, they naturally revert back to a forest-dominated plant community unless
practices are applied to keep it in a herbaceous state. If the forest site has not been
cultivated in the past, the retrogression could eventually resemble the forest reference
state. If the forestland has had a history of cultivation, then the reverted site would be
described in a converted forest state.

(i) Cultural hayland: A land use subcategory of cropland managed for the production of
forage crops that are culturally established and typically machine-harvested. These crops
may be grasses, legumes, or a mixture of both. Croplands seeded to annual forage species
that are harvested by grazing, are hayed, or are ensiled are not classified as hayland. Some
uncultivated native stands of grasses and forbs are hayed and are classified as rangeland.

(iii) Forestland: “For the purpose of developing ecological site descriptions, a spatially
defined site where the historic climax plant community was dominated by a 25 percent
overstory canopy of trees, as determined by crown perimeter-vertical projection (USDA
NRCS 2010).”

Forestland, grazed: A land use category that includes forest land that is grazed and
managed, using range or pasture management principles and practices that maintain
soil and surface stability, hydrologic function, and biotic integrity.
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Part 645 — National Range and Pasture Handbook

Subpart B — Ecological Sites, Ecological Site Descriptions: Ecological
Classification as a Concept and Use in Conservation Planning

and Resource Monitoring

645.0201 General Information

A. Purpose

Ecological Site Descriptions (ESDs) serve as a classification concept, which are integral to
grazing land planning, monitoring, and assessment. The purpose of this subpart is to provide an
explanation and understanding of ecological site descriptions as a decision-support tool for
conservation planning and management on grazing lands. Ecological site descriptions also
describe other inherent land uses such as pasture, agroforestry, and cropland. The objective of this
subpart is to also augment sections of the National Ecological Site Handbook and provide
additional dialogue on the importance of ecological sites in NRCS conservation activities.

B. Introduction

The Ecological Site is an essential ecological concept used in conservation planning, monitoring,
evaluation, and adaptation of management for all land types and uses. Ecological Site Descriptions
serve as references and are the working document for the following uses:

(1) Describe unique ecological parameters based on properties inherent to specific landscape

(i)

features.
Use quantitative environmental factors and qualitative information based on field-
observable features.

(ii1) Provide an ecological reference and historical document that serves as a basis for land

management activities related to the site.

(iv) Provide reference information for monitoring and assessment activities.

C. Ecological Site Reference Material

(1) The Natural Resources Conservation Service (NRCS) utilizes three handbooks that serve as
technical and procedural references to support policies and responsibilities for the
development of ecological site concepts and ecological site descriptions.

(1) Title 190, Interagency Ecological Site Handbook for Rangelands (190-IESHR): The 190-

(i)

IESH for Rangelands was developed to implement the policy outlined in the Title 190,
Rangeland Interagency Ecological Site Manual (RIESM). This policy provides direction
to the Bureau of Land Management (BLM), U.S. Forest Service (USFS), and the NRCS
to cooperatively identify and describe rangeland ecological sites for use in inventory,
monitoring, evaluation, and management of the Nation’s rangelands. This is a response,
in part, to direction from Congress in the Department of the Interior and Related
Agencies Appropriations Act of 2002. This interagency handbook includes ecological
sites as the component of ecological classification at local management levels and
provides a standardized method to be used by the BLM, USFS, and NRCS to define,
delineate, and describe terrestrial ecological sites on rangelands.

Title 190, National Ecological Site Handbook (190-NESH): Provides standards,
guidelines, and definitions to support policies and indicates the responsibilities and
procedures for conducting the collaborative process for development of ES concepts and
ESD information. Responsibilities for ES activity are shared among disciplines, including
soil science, range science, forestry, agronomy, wildlife biology, hydrology, and ecology.
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The 190-NESH is specific to NRCS, but it adheres to the guidelines established in the
Title 190, Interagency Ecological Site Handbook for Rangelands. The standards set in the
NESH are specific for policy, development, and use by NRCS.

(iii) Title 190, National Range and Pasture Handbook, Part 645 (NRPH): 190-NRPH-645
reviews NRCS policies and procedures for assisting farmers, ranchers, groups,
organizations, units of government, and others working through conservation districts in
planning and applying resource conservation on non-Federal grazing lands throughout the
United States. This handbook also serves as a general reference for grazing lands
resource information and was developed by NRCS grazing lands specialists, using
current technical references including textbooks, scientific publications, manuals, and
expert knowledge.

(2) Other handbooks such as the National Soil Survey Handbook, Soil Survey Manual, National
Forestry Handbook, National Forestry Manual, and National Biology Manual provide
additional supporting information for ecological site development.' .Responsibilities for ES
activities are shared among disciplines, including soil science, range science, forestry,
agronomy, animal science, wildlife biology, hydrology, and ecology.

(3) The Ecosystem Dynamics Interpretative Tool (EDIT), a Web-based database, has replaced
the Ecological Site Information System (ESIS) as the official repository of ESDs for the
NRCS.

645.0202 Ecological Site Concept

A. Historical background

(1) Two underlying themes (or hypotheses) of plant ecology which categorize vegetation patterns
across landscapes have emerged since the early 1900s: the community unit theory and the
individualistic-continuum concept.

(1) The debate regarding the nature of community organization has been discussed for almost
a century (Whittaker 1962; Shipley and Keddy 1987; Austin and Smith 1990; McIntosh
1995; Callaway 1997; Reinhart 2012) and started with a basic question: “are plant
communities an organized system of co-occurring species, or an assemblage of a random
collection of individualistic species arriving on a site that varies continuously with
environmental change across the landscape?” Frederick E. Clements (1874—1945), an
American plant ecologist who presented the view of organismic concept of communities
— also called the community-unit concept — proposed that plant communities were holistic
and interdependent (Clements, 1916). Plant communities were likened to a facsimile of
an individual organism (growth, maturation, and death), visualized as natural units of
coevolved species populations forming homogeneous, discrete, and recognizable
vegetation units.

(ii) In contrast, Henry Allan Gleason (1882—1975), an American botanist, advocated the
individualistic continuum concept or individualistic concept of community organization,
where communities are a collection of species that have commonality with respect to
adaptations to the abiotic environment (Gleason 1926, 1939). The transition to the
individualistic viewpoint gained momentum when Whittaker (1967) used sophisticated
gradient analyses, which showed patterns of species replacements along a gradient
representing the continuum. Ecologists now recognize that species dynamics (existence,
composition, fitness, distribution), are not wholly dependent on abiotic conditions and

! These handbooks and manuals may not reflect the most recent ESD guidelines and procedures. The purpose of Subpart B of the
NRPH is to highlight and maintain current policy and technology changes regarding ESDs.
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competition, but are highly affected by complex interactions within the plant community,

mutualists, and consumers (Callaway 1997).
In reality, vegetation and species populations in plant communities continuously intergrade
along environmental gradients, or the continuum. However, plant communities with similar
species assemblages are also repetitive and recognizable on the landscape. As Whittaker
(1975) later stated: “...classifications of communities are often needed. There is no real
conflict between the principle that communities are generally (but not universally) continuous
with one another, and the practice of classifying these communities as a means of
communication about them” (Whittaker 1975). Land managers recognize the fact that a
continuum cannot be effectively managed. Ecologists recognize that plant species are
distributed in space and respond according to unique genetic, physiological, life-cycle
characteristics; and physical and environmental factors.
Community-units are characterized as homogenous discrete community units organized in a
hierarchical structure (e.g., plant communities, cover types, habitat types, and ecological
sites). Although vegetation occurs along a continuum, ecological understanding and land
management are facilitated by forming homogeneous recognizable groups such as the
ecological site.

B. Ecological Site Definition

An ecological site is a conceptual classification of the landscape. It is a distinctive land unit based
on a recurring landform with distinct soils (chemical, physical, and biological attributes), kinds
and amounts of vegetation, hydrology, geology, climatic characteristics, inherent ecological
resistance and resiliency, unique successional dynamics and pathways, natural disturbance
regimes, geologic and evolutionary history including herbivore and other animal impacts, and
response to management actions and natural disturbances. These discrete characteristics separate
one ecological site from another.

C. Classifying Ecological Sites

(1)

2

NRCS classifies rangeland and forestland into ecological sites for scientific study, evaluation,
monitoring, planning activities, and management. Alternative land uses such as pasture and
crop can be represented in the ecological site state-and-transition model.

Ecological sites are classified and correlated with soil map units and components. When
landscapes are categorized into ESs, unique ecological processes and abiotic factors allow for
more specific, targeted management goals and objectives, monitoring plans, and assessments
of management actions. The adoption of ESs as fundamental land units subdivides the
landscape into groups representing discrete responses to environmental conditions and
subsequent disturbances, which helps to identify appropriate management and restoration
targets (Monaco et al. 2015). Ecological sites integrate ecological concepts (figure B-1),
including plant and soil interactions, hydrologic dynamics, successional pathways,
equilibrium and nonequilibrium concepts pertinent to the discrete aspects of community
structure, ecological gradients, and spatial and temporal heterogeneity (Moseley et al. 2010)
(figure B-2).
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Figure B-1. Environmental and Ecological Factors associated with Ecological Sites.
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Figure B-2. Interacting ecological components and ecological factors relating to Ecological Sites.

645.0203 Developing Ecological Site Descriptions

A. Ecological sites are described using the modal concept approach with typifies a representative
example of plant community composition and associated environmental factors. The ESD contains
information about the representative site concept rather than including detailed information about
outlier aspects of the site. However, variability may be unusually high (e.g., mound-intermound;
dune-interdune settings) in some ecological sites because of environmental factors; therefore, these
dynamics need to be discussed.

B. Within NRCS, the ESD development effort is a collaborative effort between Soil Science and
Resource Assessment, Science and Technology, Conservation Planning and Program Delivery
Deputy Areas as well as State Technical and Field Office personnel.

(1) At the local level, NRCS Soil Survey Offices lead technical teams comprised of NRCS
technical specialists, personnel from partnering state and federal agencies, universities, and
non-government organizations, as well as landowners/managers and/or other stakeholders.
Diverse technical teams ensure ESDs are reliable and credible.

(2) Figure B.3 illustrates the general steps in the ES development process. For specific standards,
procedures, and guidance for developing ESDs please refer to Title 190, National Ecological
Site Handbook (190-NESH).
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Figure B-3. General steps in the ES development process.

645.0204 Contents of an Ecological Site Description

A. This section provides a summary of the contents of an ecological site description. For more
detailed information, especially on how to develop these sections, see NESH 2017. The official
repository of ESDs is the Ecosystem Dynamics Interpretative Tool (EDIT).

B. General Information — Status

(1) Draft: An established ESD in EDIT that has not undergone quality control and quality
assurance and is not available to the public.

(2) Provisional: A provisional ESD has undergone quality control and quality assurance review
and is viewable to the public. It contains a working state-and-transition model and sufficient
information to identify the ecological site.

(3) Approved: An approved ESD has undergone quality control and quality assurance review. It
must contain a defined set of criteria. In general, approved ESDs are a more comprehensive
and complete document than a provisional ESD.

(i) Site ID: Alphabetic and numeric characters that represent the Land Resource Region
(LRR), Major Land Resource Area (MLRA), Land Resource Area (if applicable), and the
ecological site ID number.

(i) Legacy ID: If applicable, the code that was used in the first generation of ESDs.

(iii) Ecological Site Name: A descriptive abiotic common name and a biotic plant
community name. The biotic name includes both the scientific and common plant species
names.

C. Hierarchical Classification

(1) MLRA Notes: A description of residing MLRA and LRU (if applicable) (see Land Resource
Regions and Major Land Resource Areas of the United States, the Caribbean, and the Pacific
Basin Handbook 296).

(2) Classification Relationship: A comparison of other ecological classifications (e.g., USDA
Forest Service, US Environmental Protection Agency) to NRCS’s classification (LRR,
MLRA, LRU). If applicable stream and wetland classifications may be included.

(3) Ecological Site Concept: A summary of characteristic abiotic and biotic indicators, including
ecological dynamics, that differentiate the site from others. This may include information on
climate, topography, hydrology, geomorphology, vegetation, and soil characteristics.
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(4) State Correlation: States where the ecological site has been identified.

(5) Associated Sites: Other ESs commonly located adjacent to or associated with the ES. A
diagram is often used to denote landscape position in relation to other sites.

(6) Similar Sites: ESs that resemble the site.

. Physiographic Features

A description of the physiographic features of the ES such as landscape position, landform,
geology (lithology and stratigraphy), aspect, site elevation, slope, water table, flooding, ponding,
and runoff potential.

. Climate Features

A description of the climatic features that typify the ES and relate to its potential, and
characterize the dynamics of the ES, such as storm intensity, frequency of catastrophic storm
events, and drought and/or temperature cycles. Climatic features also include frost-free period,
freeze-free period, mean annual precipitation, monthly moisture and temperature distribution,
and location of climate stations used to evaluate and determine means and averages. Many
ecological sites occur in areas for which appropriate climate station data are not
available. Climate data included in an ESD may be extrapolated from climate models
(e.g., PRISM). A listing of climate stations used is also included in the ESD.

. Influencing Water Features

Description of water features or adjacent wetland or riparian water regimes that influence the
vegetation or management of the site and make the site distinctive from other ESs. Information
can include subsurface waterflow, seasonal groundwater levels, overland flow, streams, springs,
wetland, and depressions. Use terminology associated with Wetland Classification (Cowardin
1979), Rosgen Stream Classification (Rosgen and Silvey 1996), or another established water or
hydrology-related classification system.

. Soil Features

(1) Representative soil features include soil physical and chemical attributes such as parent
material, surface and subsurface texture, surface and subsurface fragments, drainage class,
hydrologic conductivity (permeability class), depth to diagnostic horizons, soil depth,
electrical conductivity, sodium adsorption ratio, calcium carbonate equivalent, soil reaction
(pH), and available water capacity. The representative soil features narrative presents the
inherent range that corresponds with the ecological site concept, while also describing
expected variability associated with the ecological site.

(2) A new feature related to soil dynamics is soil health and quality. Discussion and information
relative to these topics can be described for the reference state and succeeding alternative
states. Soil carbon/Organic carbon dynamics can be discussed with baseline information to
provide a reference for steady-state levels and potential losses attributed to various
disturbances.

. Hydrology Features

(1) This section contains information about site hydrology: run-on and runoff characteristics on
the landscape, infiltration dynamics with respect to plant life/growth form and species,
potential water holding capacity, drainage, and erosion dynamics and potential risks based on
long-term average precipitation and from design storm frequencies (e.g., 2, 5, 10, 25, 50, 75,
100-year storms) (see subpart G). Eco-hydrologic topics including water flow patterns,
overland flow, subsurface flows, evaporative rates, and discussion on their influence on plant
compositional changes and corresponding hydrologic changes should also be included. The
NOAA Atlas 14-point precipitation frequency estimates data can be included to provide

(190-645-H, June 2022)
645-B.7



Title 190 — National Range and Pasture Handbook

valuable information for discussions of rainfall intensity and frequency for the representative
climate station associated with the ecological site.

(2) On rangelands, the Rangeland Hydrology and Erosion Model (RHEM) can be used to
compare runoff and erosion risks and changes, with corresponding changes in the state-and-
transition model (Williams et al. 2016). The RHEM model can also be used to evaluate
pastureland sites”. The rangeland hydrology and erosion model evaluates runoff and erosion
dynamics based on long term averages and for high intensity storm frequencies (2 to100-yr
storm intensities) (see subpart G).

(3) The hydrologic features narrative should discuss the inherent range of variability that
corresponds with the ecological site concept, while also explaining any allowable and typical
variation across the ecological site (See subpart G for example on hydrology writeup with
RHEM model information and interpretations). See Appendices A and B as example of a
state and transition diagram with hydrology and erosion estimates associated with various
states and phases.

I. Ecological Dynamics

The ecological dynamics section provides historical context and describes how the ecological
processes and plant communities of the site are impacted by and react to the natural variability
of weather, fire, native herbivory, and other natural disturbances (see appendix B-B). Site
resistance and resiliency to anthropogenic disturbances should also be addressed such as
livestock grazing and dominant plant physiological response to grazing. Other general
information regarding the dynamics of the site should be described, such as human management
impacts. Use citations from the scientific literature and if expert knowledge is used, list in the
“Other References” section of the ESD. References to climate, soil, hydrologic features are
common to support discussion of ecological dynamics.

J. State and Transition Diagram

(1) A state-and-transition model (STM) describes the temporal dynamics of an ES. STMs display
and describe the historic plant community or reference state, and multiple states and
community phases (unique combinations of biotic and abiotic attributes), and the transitions
between states (driving forces, processes, and thresholds). An STM provides a general
graphical overview of ecological states and transitions, and the accompanying narrative
describes these in detail (figure B-4). Although STMs graphically display specific
successional trajectories or pathways, they do not explicitly explain or propose theories
regarding plant successional dynamics that may be unique among plant community types
(figures B-4, B-5. Also see Appendices B-A, B-B, B-C). The use and benefits of using STMs
in conservation planning are to provide a framework for discussion with clients to address the
ecological dynamics associated with current conditions and help assess and predict future
changes — a roadmap of possibilities and can help predict the results of management actions.

2 USDA NRCS and ARS are currently evaluating RHEM on pasturelands and this subpart will be updated with more
examples when that effort is completed.
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Figure B-4. Detailed example of rangeland state-and-transition model with community pathways

(Loamy Calcareous Green River Basin R34AB126WY).

Loamy Calcareous Green River Basin R34AB126WY

1. Reference State

1.1 Big Sagebrush/Bunchgrass
ARTRWS8 (15-25% Cover)

1.2-11 1.1-1.2 1.1-1.3
1.2-13
1.2 Bunchgrass/Big 1.3 Bunchgrass
Sagebrush ARTRWS ARTRWS (0-5% Cover)
(5-15% Cover}
13-1.2
T1-2 /TZ—J/ T1-4 T1-3
\ 4
12-3 3. Bare Ground State
2. Grazing Resistant State . 3.1 Big Sagebrush / Bare Ground
2.1 Big Sagebrush/Thickspike ARTRWS (15-25% Cover)
_ 0,
wheatgrass ARTRWS (15— 25% < Bare Ground >40%
Cover) T3-2
7\
21-2.2 22-2.1

2.2 Thickspike wheatgrass / Big

Sagebrush ARTRWS (5 — 15% Cover)

T3-4

5. Highly Disturbed State

5.1 Annuals/Bare Ground

T2-4 l v l

4. Disturbed State 5.2 Reclaimed

4.1 Sprouting Shrub / Thickspike
wheatgrass
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Table B-1. Pathways.

1.1-1.2 | Drought, insects and disease, mechanical, biological and chemical
treatment, fire (wild and prescribed)

1.1-1.3 | Drought, insects and disease, mechanical, biological and chemical
treatment, fire (wild and prescribed)

Community Pathways 1.2-1.1 | Natural selection

1.2-1.3 | Drought, insects and disease, mechanical, biological and chemical
treatment, fire (wild and prescribed)

2.1-2.2 | No disturbance

2.2-2.1 | Lack of sagebrush killing disturbances

T1-2 Continuous spring grazing

T2-1 Mechanical, chemical treatments, fire, grazing, rest and deferment, and
season of use change

T1-3 Continuous high intensity early season grazing

T1-4 Increased frequency of disturbance cycle (i.e., grazing, drought, fire,
mechanical, biological, chemical treatments)

State Transitions T2-3 Continuous high intensity early season grazing

T3-2 Changing grazing season of use and/or mechanical, chemical, and
biological treatments

T2-3 Increased frequency of disturbance cycle (i.e., grazing, drought, fire,
mechanical, biological, chemical treatments)

T34 Fire (wild and prescribed), drought, insects and disease, mechanical,

biological, chemical treatments

Figure B-5. Ecosystem states, Loamy Hills HX076XY115.

Ecosystem states

1. Grassland State
lto2

2. Shortgrass State

1t03 Iml Al
A

3. Woody State

States 1 and 5 (additional transitions)

1. Grassland State 5. Introduced, Invasive,
1005 | Noxious State

1to4\

4. Tillage State

1 to 2-Long-term, heavy, continuous overgrazing, no rest and recovery
1 to 3—Lack of fire and brush control

1 to 4-Tillage by machinery

1 to 5-Introduction of non-native species
3 to 1-Prescribed grazing, brush management, and prescribed burning
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State 1 submodel, plant communities

1.1. Reference Plant 11012 | 12
Community _
——>| Midgrass/Tallgrass
Community
4—

12t011

12t013
13t012

13.

Midgrass/Shortgrass

1.1 to 1.2-Heavy, continuous grazing without adequate rest and recovery

1.1 to 1.1-Prescribed grazing that incorporates periods of deferment during the growing season
1.2 to 1.3—Long-term (>20 years) continuous grazing with no rest and no recovery

1.2to 1.2—-Prescribed grazing with adequate rest and recovery period during the growing season

State 2 submodel, plant communities

2.1. Shortgrass
PlantCommunity

State 3 submodel, plant communities

3.1. Shrub and/or
Tree Community
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State 4 submodel, plant communities

4.1. Reseed Plant
Community

4.2. Go-back Plant
Community

State 5 submodel, plant communities

5.1. Caucasian
Bluestem Community

5.2. Sericea
Lespedeza Community

5.3. Fescue, Brome,
Bluegrass Community
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Figure B-6. Example of STM identifying several land uses within an ecological site.

Figure B-7. An example of pastureland sub-state-within state-and-transition model.

4 Grassland/Pasture

41 Managed  |41A| 4.2 Mixed
e Species
monoculture
grassland Managed
4.2A System
4.1B\y 4.3A 4.2B \)y .3B
4.3 Mixed Species, Non-seeded
\/ 4.3C 4.4A
4.4 Early Woody Succession
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(2) States
(1) An ecological state is a suite of temporally related plant community phases and associated

(ii)

dynamic soil properties that produce persistent characteristic structural and functional
ecosystem attributes (Bestelmeyer 2009). States generally exhibit vegetation composition
and structure, and ecological processes that are in equilibrium to self-sustain (negative
feedback mechanisms) ecological resilience of the respective state and produce the
largest array of potential ecosystem services (Bestelmeyer et al. 2009). Thus, states are
often distinguished and described by differences in ecological processes, such as
hydrology, nutrient cycling, or energy capture.

Ecological resilience is an indication of the amount of alteration required to shift an
ecosystem from one stable state of reinforcing structure-function feedback mechanisms to
a new stable state sustained by different structure-function feedback mechanisms (Briske
et al. 2008). At-risk community phases exhibit conditions near structural or functional
thresholds, beyond which shifts in ecological processes (positive feedback mechanisms)
facilitate state transition. Structural thresholds are identified (structural indicators) based
on changes in vegetation (composition, growth form, and distribution) and bare ground
connectivity; whereas functional thresholds are identified (functional indicators) by shifts
in processes (e.g., water infiltration and runoff, soil retention and erosion, nutrient
cycling and distribution, solar energy capture and use) that promote ecological function
and resilience of an alternative state. A STM typically includes an accompanying table
with text descriptions of the plant community composition, community pathway and
transition dynamics, and key structural and functional indicators (Williams et al. 2016).

(ii1)) The ES reference state and plant community phases generally exhibit vegetation

composition and structure, and ecological processes that are in relative equilibrium to
self-sustain (negative feedback mechanisms) ecological resilience of the respective state
and produce the largest array of potential ecosystem services (Bestelmeyer et al. 2009).

(iv) The NESH states: “In all cases, the desired ‘interpretive plant community’ will be the

reference state. If there is no data available for the reference state, describe the
naturalized plant communities that occupy the site. The naturalized plant community that
is most similar to the reference state becomes the interpretive plant community”. As
NESH instructs, in situations where the interpretive plant community cannot be
identified, is not known, or no longer exists on the landscape, a surrogate reference state
may be developed and described (see comments in paragraph below). Often times the
interpretive plant community is based on the historic plant community. Debate often
arises as to what the historic plant community was. If relict sites can be found, they can
provide a basis for constructing the historic plant community; however, if there is doubt
about historic conditions because of major plant community change and transformation in
relation to introduced species, the default as NESH describes is the naturalized plant
community. In the manual, interpreting indicators of rangeland health, Pellant et al.
(2020) provide the following statement about historic plant communities as reference
states: “Historical baseline: The inherent complexities of vegetation dynamics (e.g., how
vegetation originated in an area and how it might change in the future) require an
understanding of historic disturbance regimes, climatic variability (including climate
change), and current vegetation. Although long-term trends in historic vegetation can be
displayed over time periods spanning thousands of years using pollen analysis and other
palaeoecological techniques, the relevance of ecological data to current state-and-
transition models diminishes further back in time due to increasing differences in climate,
disturbance regimes, and species distributions. In western North America, a 500-year or
shorter period immediately preceding European settlement is a reasonable time period for
describing the reference state (Winthers et al. 2005).”
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(v) Deciding on what the historic plant community or the naturalized plant community is or
was, is not a clear-cut endeavor. Some recommendations include, plant community
composition based on pre-European man >200 years ago, finding relict sites, evaluating
inherent native plant composition associated with the soil component, and compiling and
evaluating historic literature and documents. Where introduced species such as
cheatgrass, yellowstar thistle, knapweeds, leafy spurge etc., have naturalized and have
transitioned as the dominant species, it may be difficult to identify a reference state.
When all else, fails, document the situation and provide an honest assessment.

Transitions

Transitions are simply the mechanisms by which state shifts occur and are commonly

initiated by a trigger (e.g., wildfire, drought, long-term flooding, invasive plants, grazing)

(Briske et al. 2006, 2008). A transition from one state to another is associated with “crossing

a threshold” (Pellant et al. 2020). Ecological site transitions among states are often caused by

a combination of factors and feedback mechanisms that alter plant community dynamics

(e.g., Schlesinger et al. 1990) and that contribute directly to a loss of state resilience (Caudle

et al. 2013). Transitions to alternate states may often be irreversible, especially where

considerable plant compositional changes have occurred, accelerated runoff, and soil loss

(sheet erosion, rill erosion, and/or gully erosion). Transitions (T) in state-and-transition

models are used to designate downward and upward trends.

Community phases

One or more plant community phases may exist in each state (see figure B-4, there are three

community phases in State 1). The described disturbance regime (for each state) cause shifts

between identified community phases. Shifts between phases are described using arrows and
narrative. Descriptions of plant community phases include information such as species
composition, annual primary production by species (Ibs/ac), percent foliar and ground cover,
canopy structure: height above ground (ft), and growth curves. Plant species are often
grouped with similar species based on their structure and ecological function.

Alternate Land Use State-and-Transition Models

(i) Ecological site descriptions may contain one or several interconnected STMs depending
on land use (range, forest, pasture, crop). Figures B-5, 7, and 8 contain examples of
STMs which incorporate various land uses. Each land use will have its own subset STM.

(ii) Pasture states are now a formal part of state-and-transition models and replace many of
the components of Forage Suitability Groups (FSGs). The concept of FSGs was to group
soils with similar landform and agronomic properties such as available water-holding
capacities, pH, slope, drainage class, frequency and duration of flooding, depth to
restrictive layers, surface soil texture, cation exchange capacity, sodium adsorption
rations, salt contents, permeability classes, natural potassium and phosphorous reserves,
and organic matter levels etc. with the ability to sustain a suite of forage species. Forage
suitability groups contained similar information as ESDs (climate, physiographic
features, soil features, water features, plant growth curves, etc.), which are now included
in the ESD, thus eliminating duplicity. Appendix B-C shows some key attributes of
example descriptions for a pastureland state.

Resource Concerns Risk Assessment in STMs

(i) NRCS resource concerns are organized by the following categories: soil, water, air,
plants, animals, energy, and human considerations (SWAPA-+H). A resource concern is
the resource condition that does not meet minimum acceptable condition levels as
established by resource planning criteria.

(i) Planning criteria are established for all NRCS resource concerns and may be assessed
using tools specific to land use or through client input and planner observation. The
information contained in the ecological site description may be adequate to determine the
likely outcome of an assessment tool and the probability of a resource concern.
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(iii)) Environmental and management drivers between states are often associated with

resource concerns that have and/or are occurring. For example, a historic grassland site
that is moving toward a woody invaded state is associated with several resource concerns
such as invasive plants and other pests, productivity, soil health concerns, changes in
plant structure and composition, and erosion (water and wind). By associating these
resource concerns that alter the plant community, STMs can be used to display the three
levels of risk or probability that a resource concern’s presence within that state or plant
community. This level of risk can be displayed as either Low, Medium, or High within a
color-coded risk assessment table (figure B-8). Green values imply no resource concern
exists, yellow indicates a moderate probability of a resource concern, and red indicates a
high probability that a resource concern exists. A yellow value would require additional
field assessment to determine whether a resource concern is present or not. Note: only
one resource concern in a SWAPA-+H category need be present or be represented on the
table. The resource concern(s) considered are indicated in the resource concerns check
list in EDIT.

Figure B-8. Resource Concern Risk Assessment Table from EDIT. Risk concerns can be designated
by color code.

(7) Management Interpretations
(i) Management implications inherent to a community phase or state are described.

(i)

Management interpretations include topics such as grazing management
(suitability/limitations), fire behavior, brush management or pest management
techniques, range and pasture seeding, wildlife considerations, pasture management (soil
fertility and/or amendments, equipment limitations, etc.), and other interpretations.
Other aspects of management interpretations can be considered and/or included in EDIT
as tables and narrative. They include: 1) grazing accessibility, 2) grazing forage
palatability, 3) annual forage, 4) wood products, 5) pastureland management, 6)
agronomic management, 7) recreational uses, 8) wildlife habitat suitability, 9) wildlife
plants, 10) fire occurrence and characteristics, 11) fuel models and fire fuel
characteristics, 12) fire behavior site characteristics, and 13) other products.

(8) Supporting Information
Supporting information includes, but is not limited to, type location, references,
author/coauthor, and reviewers, etc.

(9) Rangeland Health Information
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Rangeland health analysis is tied to the ecological site and the information contained within
the ESD. Rangeland health reference information for the 17 indicators used to determine the
preponderance of evidence for soil and surface stability, hydrologic function, and biotic
integrity can be found in EDIT.

K. Other Ecological Site Components (See NESH)

(1) Animal community
(2) Recreational uses
(3) Wood products

(4) Other products

(5) Other information
(6) Inventory data references
(7) References

(8) Other references
(9) Contributors

(10) Approval

(11) Acknowledgments

L. Rangeland health reference sheet

(1) The rangeland health reference sheet provides documentation for expected conditions of the
17 indicators relative to the reference state (appendix B-D). The rangeland health reference
sheet is integral to evaluating the 17 indicators of the rangeland health matrix. The reference
sheet and corresponding ecological site matrix (appendix B-E) describes the range of
expected spatial and temporal variability of each indicator within the natural disturbance
regime based on each ecological site (or equivalent unit).

(2) Coinciding with the ecological site reference sheet (appendix B-D), an ecological site-
specific evaluation matrix (appendix B-E) is a valuable tool to evaluate each rangeland health
indictor based on general descriptions of key characteristics for each degree of departure
(none to slight . . . extreme). Pellant et al. (2020), interpreting indicators of rangeland health
contains a generic evaluation matrix; however, it is strongly recommended that an ecological
site-specific matrix be developed that can be used to evaluate a suite of ecological sites (see
matrix example, appendix B-E).

(3) Pellant et al. (2020) recommends that a cadre of knowledgeable individuals work in tandem
to develop reference sheets and coinciding matrices as the 17 indicators are associated with
various environmental factors (plants, soils, and hydrology).

(4) A reference sheet cannot be created without a complete ecological site description; however,
if the respective ecological site description and/or soil survey does not exist, a protocol called
“Describing Indicators of Rangeland Health” (DIRH) may be used to evaluate the 17
indicators and derive a preponderance of evidence for the three attributes. A guide for DIRH
(Pellant et al. 2020) is as follows:
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Table B-2. Guide for Implementing Describing Indicators of Rangeland Health (DIRH).

Soil Survey Status Ecological Site Identify Soil Map Identify Complete IIRH?
Description Status | Unit Component? | Ecological Site?
A soil survey exists. | Ecological site Yes Yes Yes?
description exists.!
No soil survey Ecological sites are | Yes Yes Yes
exists, but soils are | described for the
comparable to soils | major land
described in another |resource area,
soil survey within including the
the major land precipitation zone.
resource area.
No relevant soil Ecological sites are | No, follow DIRH |No No, follow DIRH
information exists. | not described for |instructions. instructions.
the major land
resource
area.

V'If a soil survey exists, it should include soils/ecological site correlations.
2 Refer to appendix B-D to develop a reference sheet if one does not exist.

M. Identifying Ecological Sites

(1) Identifying the correct corresponding ecological site with the soil component is imperative in
planning and monitoring/assessment activities. Several tools require identification of the
ecological site:
(i) Calculating Similarity Index
(ii) Interpreting Indicators of Rangeland Health
(iii) Assessing Apparent Rangeland Trend
(iv) Monitoring plant species composition (e.g., foliar cover, production by species)

(v) Assessing potential forage species for rangeland seedings

(vi) Assessing status of forage production by species
(vii) Evaluating other ecological information in discussions with landowners

(2) Appendices F and G provide detailed instructions for identifying soil map units, soil
components, and correlated ecological sites.

N. Approval Process

(1) Responsibilities for ES activity are shared among disciplines, including soil science, range
science, forestry, agronomy, wildlife biology, hydrology, and ecology. The steps needed to
collect, analyze and synthesize information on-site attributes, site correlation and
classification, site dynamics, and site interpretations are all separate, but they must be

2

3)

coordinated so that all ES activity can be efficient (NESH 2017).

NRCS state offices: 1) provide ecological site technical services and assistance within the
state as needed; 2) ensure existing ES information is evaluated by knowledgeable personnel;
3) provide technical input during the development of ES information; and 4) ensure it meets
the state’s needs for conservation planning, implementation, monitoring, and assessment. The
state office also works with area and field offices to assist in field data collection and
investigations for ES development.

The state office also develops local ecological site interpretations as needed and leads
Rangeland Health reference sheet development. State staff have the ability to enter this data
into the EDIT (Ecosystem Dynamics Interpretive Tool) with login permissions from the
National Ecological Site Team (NEST). Upon login, EDIT provides instructions where field
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data can be stored for review, as well as provides Reference Sheet templates for Reference
Sheet data input. For a full list of Ecological Site Development Roles and Responsibilities,
see the National Ecological Site Handbook (NESH) part 630.3.

645.0204 Application of Ecological Sites

Ecological Sites (ESs) and their descriptions (ESDs) are concepts that are used to describe and
communicate ecological information at a discrete site level. They are an important tool for providing
the ecological basis for evaluating ecosystem health, both in the National Resource Inventory (NRI),
and during monitoring and assessment activities. In conservation planning, they are important in
developing land management objectives, selecting conservation practices, and communicating
ecosystem responses to management (Williams et al. 2016; USDA 2013).

(1)

2

Ecological Applications

(i) Provide ecological site information to NRCS customers at a finite scale of land
classification — the Ecological Site

(i) Document and archive information about the ecological dynamics of a site

(iii) Provide baseline ecological information for hydrologic models, such as Rangeland
Hydrology and Erosion Model (RHEM)

(iv) Provide ecological foundation for soil and plant health

(v) Plant community baseline data for scientific research and experimental studies

(vi) Provide baseline ecological information for land health assessments and evaluations

(vii) Document and archive information about livestock and wildlife grazing and
management approaches

(viii) On-site and watershed scale modeling

(ix) Use in GIS level modeling tools

(x) Model and compare management scenarios with vegetation change

(xi) Management interpretations for wildlife habitat

(xii) Provides classification for NRI data collection and analyses

Conservation Planning Applications:

(i) Provide the best available information to assist with resource inventories, identifying
resource concern probabilities, setting objectives, and selecting and implementing
conservation practices to achieve goals

(i) Provide reference conditions for numerous resource management tools (e.g. Interpreting
Indicators of Rangeland Health, Rangeland Hydrology and Erosion Model, Determining
Indicators of Pastureland Health, Pasture Condition Scoring, Soil Health Assessments,
etc.)

(iii) Selecting suitable native species for restoration projects

(iv) Selecting suitable forage species for planting on grazed lands

(v) Risk analysis and assessment of alternatives

(vi) Performance criteria for ecological outcomes assessment

(vii) Provide a basis for recommending adaptive changes to management decisions to
achieve desired goals and objectives

(viii) Help prioritize conservation planning and management decisions

(ix) Provide a basis for interpreting observed resource concerns

(x) Incorporate climate change and management responses at the individual field and
property level
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645.0205 Accessing Ecological Site Descriptions

Ecological Site Descriptions can be accessed through Web Soil Survey:
https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm.
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645.0207 Appendices

Appendix B-A. — State-and-transition models

Figure B-A-1. Example of a rangeland state-and-transition model (Williams et al. 2016) showing
fundamental components for hydrologic data (Stringham et al. 2003; Briske et al. 2005, 2006, 2008;
Bestelmeyer et al. 2009, 2010).
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Figure B-A-2. State and Transition with hydrology and erosion estimates using RHEM.
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to State 2 levels if ground cover > 50%, likelihood of restoration success unknown.

RP4.2 - Mechanical tree removal with seeding - RO & Sed decrease 1.5- to 7-fold with good

distribution of tree debris in intercanopy, likelihood of restoration success unknown.

Artemisia tridentata Nutt. ssp.
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Appendix B-B. — Rangeland Ecological Site Narrative with Emphasis on
Hydrology and Erosion (Hydrologic Function)

The tall forb community type extends from the southern Wasatch range in Utah northward into
Montana, east and west slopes of the Teton Range on the Idaho-Wyoming border, eastward into the
Big Horn Mountains, along the southern border of the Jarbridge Mountains in Idaho-Nevada, the
Ruby Mountains of Nevada, and the Uinta Mountains in Utah (Winward 1994). Tall forb
communities are not unique to the United States, they also occur worldwide in high elevations
throughout Europe, middle Asia, and Eurasia (Seffer et al, 1989; Ermakov 2003; Michl et al. 2010;
Nowak et al. 2020). The community type is found on all aspects and slope gradients on deeper soils
(>0.5m) and where soil moisture is adequate for nearly season-long plant growth. Representative sites
are typically dominated by mixed forbs 16-48 inches (40-122 cm) in height with graminoid species
occurring in minor amounts. On the average, perennial forb species comprise about 70-80 percent of
the species composition, 20-30 percent grasses and grass-likes, and shrubs (0-2) percent. Average,
total annual production is 2,200 Ibs/ac (1980 kg ha) in a normal year. Production in a favorable year
is 2,800 Ibs/ac (2520 kg/ha). Production in an unfavorable year is 1,300 Ibs/ac (1,170 kg ha). Tall forb
communities occur at elevations between 6,300—10,000 ft (1,920-3,048 m); habitats include small
openings in forest, and in larger open parklands within Douglas-fir (Pseudotsuga menziesii) and
spruce-fir (Picea engelmannii-Abies lasiocarpa) stands. Tall forb vegetation is commonly associated
as an understory layer in mountain big sagebrush Artemisia tridentata Nutt. ssp. vaseyana (Rydb.)
Beetle (mountain big sagebrush), Artemisia tridentata ssp. spiciformis (subalpine big sagebrush),
Populus tremuloides (aspen), and open Douglas-fir and spruce-fir sites when contiguous to tall forbs
communities.

Tall forb plant communities have evolved in a montane climate characterized by cool, dry summers
and cold, wet winters. Average annual precipitation of this site typically ranges from 22 inches or
more. About three-quarters of the moisture is received during the plant dormant winter period
(October—May). Frost heaving is common in tall forb communities (Goodrich, 2009). Average frost-
free period is from 60-80 days. About half of the total site precipitation occurs as snow and usually
remains in place during the winter with some drifting. Annual snowfall averages 150 to 200 inches
(381-508 cm) per year.

Temperatures vary significantly between summer and winter and between daily maximums and
minimums and is primarily due to high elevation and dry air, which permits rapid incoming and
outgoing radiation. Mean annual air temperature is 33.3°F (16.0°F Avg. Min. to 50.6°F Avg. Max.).
Prominent forb species found within the tall forb community type include: Geranium viscosissimum
(Sticky geranium), Potentilla glandulosa, P. groenlandica, Geranium richardsonii (Richardson's
geranium), Balsamorhiza macrophylla Nutt. (cutleaf balsamroot), Ligusticum filicinum (fernleaf
licorice-root), Aconitum columbianum (Columbia monkshood), Agastache urticifolia (nettleleaf),
Osmorhiza occidentalis (western sweetroot), Thalictrum fendleri (meadowrue), Delphinium (larkspur
spp.), Hackelia floribunda (stickseed), Polygonum douglasii (knotweed), Henium hoopesii
(sneezeweed), Oxalis dichondrifolia (peonyleaf woodsorrel) (Winward 1994; USDA-NRCS 2009).
Major grass species found within the type include Elymus trachycaulus (slender wheatgrass), Bromus
carinatus (mountain bromegrass), Melica spectabilis (purple oniongrass), Achnatherum nelsonii
(Columbia needlegrass), Phleum alpinum (alpine timothy), Poa reflexa (nodding bluegrass), Carex
raynoldsii (Raynolds' sedge), and Carex microptera (smallwing sedge) (USDA-NRCS 2009).

Herbivory has historically occurred in this community type; herbivores include mule deer, Rocky
Mountain elk, and small rodents, especially pocket gophers. Livestock also utilize tall forb plant
communities and in general, prolonged heavy grazing by cattle results in forb dominated
communities, while heavy sheep use results in grass dominated communities (Ellison 1954; Winward
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1994). State and transition changes concomitant with soil loss due to improper management caused
by intensive livestock grazing causes a shift from mesic to xeric plant species. When this shift has
occurred and state and transition thresholds are crossed (figure B-B-2), species like Geranium
viscosissimum (sticky purple geranium), Achillea millefolium (western yarrow), Taraxacum officinale
(dandelion), annual invasive mountain tarweed (Madia glomerata), and Lomatium spp. (biscuitroot)
increase and become dominant. Tarweed contains allelopathic substances that inhibit growth of
seedlings (Carnahan and Hull 1962). Continual overgrazing and repeated disturbance also result in
vegetation shifts to Wyethia amplexicaulis (mule-ears), Veratrum californicum (California
falsehellebore), Lathyrus lanzwertii (aspen peavine), and Rudbeckia spp. (coneflower) (Winward
1994). There are examples of dominant mules-ear stands in the Bridger-Teton National Forest (figure
1). The species is a highly competitive and aggressive—it monopolizes soil moisture and light and
excludes other more desirable species and persists when grazing pressure is reduced or eliminated
(Mueggler et al. 1951; Gregory 1983; Matthews 1993). Mule-ears reproduces by seed and resprouts
from underground rootstalks or from the plant crown (Mueggler et al. 1951; Young et al. 1979).
Another invasive species, Taraxacum officinale (common dandelion) is an indicator of livestock
driven plant community dynamics, while decreases in dandelion are often associated with pocket
gopher activity (USDA-NRCS 2009). Pocket gophers appear to be forb dependent (Goodrich and
Cameron 2010), prefer forbs (oniongrass is an exception) and areas with high snow cover, and can
enhance infiltration capacity and create open niches for seedling establishment. Soils with pocket
gophers and no livestock grazing tend to be looser and more friable with higher total porosity and
lower bulk density (USDA-NRCS 2009).

Figure B-B-1a. Wyethia amplexicaulis (mule-ears), postgrazing.
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Figure B-B-1b.

b) Midseason, Mule-ears/forb community. Typical dieback of forbs associated with fall has occurred.
In addition, light snow has fallen over the area and started to knock over vegetation. The effect of
snowfall knocking overvegetation is very similar to that of sheep moving through an area in late
summer/early fall at other forb sites observed this grazing season. Livestock have been removed from
the area in preparation of winter conditions.

The effects of livestock grazing on soil surface stability and hydrologic function
(resistance/resilience) are associated with the degree to which soil surface physical conditions and
spatial and temporal changes in plant foliar and ground cover and species composition are altered.
Since tall forb communities are prone to increasing bare ground with heavy livestock/wildlife use, the
risk of accelerated runoff and soil loss can be significant. This change often accelerates increased
water runoff and soil erosion. As with any rangeland plant community, crossing ecological thresholds
where soil loss occurs is usually irrevocable (Weltz and Spaeth 2012).

Fire has historically occurred on the site at intervals of 20—-50 years. Occasional and frequent fire is a
dynamic that affects State 1 and 2 in the Ecological Site state-and-transition model (figure B-B-2).
The Historic Plant Community (HPC) is the Reference State (State 1), and movement from State 1A
to B and C occurs depending on the natural and anthropogenic disturbances that impact plant
community composition and productivity (figure B-B-2).

Maintaining biotic integrity of tall forb plant communities is a key issue, and information about soil
and surface stability and hydrologic function are needed to assess risks associated with various
management scenarios including grazing by livestock (USFS Preliminary Science Summary June
2020). Tall forb species do not provide significant foliar and ground cover protection against erosion
until late spring and early summer, and depauperate conditions advance again in late summer and fall
when the leaves senesce (figure B-B-3). Vegetative cover and biomass have a major effect on
hydrology and soil loss as indicated by numerous field studies (figure B-B-3) (Tromble et al. 1974;
Wood and Blackburn 1981; Gifford 1985; Blackburn et al. 1986; Thurow et al. 1986; Wilcox et al.
1988; Abrahams et al. 1995; Spaeth et al. 1996a,b; Weltz et al. 1998; Williams et al. 2014; Nouwakpo
et al. 2018; Zobell et al. 2020; Spaeth 2021). In addition, rainfall simulation experiments have shown
that plant life form and individual species (taxa) also can have a profound influence on hydrology and
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erosion (Dee et al. 1966, Spaeth et al. 1996a, b; Pierson et al. 2002a, b; USDA-NRCS 2020; Spaeth
2021). Levels of foliar cover necessary for site protection against accelerated soil erosion on
rangelands vary from 20% in Kenya to 100% for some Australian conditions. Most studies indicate
that cover of 50 to 75% is probably sufficient to prevent degradation from accelerated soil erosion
processes. However, every soil-plant complex is unique with respect to plant composition and
hydrologic dynamics (Gifford 1985). The tall forb plant community type is especially unique with
respect to resistance and residency ecological dynamics; therefore, patent management practices
associated with rangeland management (prescribed grazing, deferment, prescribed fire, brush and/or
herbaceous weed management) may not be remedial in the context of the state-and-transition model
or produce desired results in the short-term, or often long-term as well.

Site conditions relative to tall forb community type physiography; plant foliar, ground cover, and
production dynamics; phenological and seasonal changes in plant composition; rodent activity; and
grazing by livestock and wildlife all have an effect on hydrologic function. Since soil and surface
stability, hydrologic function, and biotic integrity are of primary interest in the tall forb community
type, the forthcoming Environmental Impact Statement should evaluate the dynamics of each of these
assessments for the major environmental states associated with a benchmark State-and-transition
model. Plant species composition and soils can be expected to change among various tall forb
ecological sites (ES); however, developing and ES description based on a coarser resolution
representing a tall forb association is an important first step to assessing hydrology and erosion
dynamics with varied plant community composition and various management scenarios (see figure B-
B-3). The Rangeland Hydrology and Erosion Model (RHEM) model utilizes foliar cover by plant
growth form (note standing dead including caespitose grasses, sod forming grasses, forbs, shrubs, and
trees), and ground cover which includes basal plant stems, litter, rock, and microphytes. Infiltration,
runoff, and soil loss is strongly influenced by vegetal foliar cover, ground cover, and biomass
(Wilcox et al. 1988; Spaeth et al. 1996 a,b; USDA-NRCS 2020). The effects of livestock grazing on
hydrologic resistance/resilience are associated with the degree to which grazing affects surface soil
conditions by altering the above dynamics of the plant community. The dynamics and role between
foliar and basal cover, and biomass in protecting the soil surface are influenced by temporal changes
throughout the year as plants grow and senesce (Spaeth 2021). The relationships of these three
parameters are especially important in tall forb communities as vegetation and litter cover and
biomass change significantly throughout the growing season.
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Figure B-B-2. State-and-transition model: Adapted from Ecological Site Description: SUBALPINE
LOAMY 22, Site ID: R043BY024ID; Major Land Resource Area E43B.
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Figure B-B-3. State-and-transition model diagram with RHEM hydrology and erosion assessments.
ppt= avg. annual precipitation inches., RO = runoff inches., SY — Sediment yield t/ac/yr, and SL =

soil loss t/ac/yr.
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The RHEM model is a physically based erosion prediction tool for rangeland applications and is
based on fundamentals of infiltration, hydrology, plant science, hydraulics, and erosion mechanics
(figure B-B-4) (Nearing et al. 2011).

Figure B-B-4. A flowchart of Rangeland Hydrology and Erosion Model (RHEM), from
https://apps.tucson.ars.ag.gov/rhem/about.
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Site environmental variables are used as RHEM model inputs [soil texture, slope length, slope
steepness, slope shape, dominant plant life form, percentage of canopy cover, and percentage of
ground cover by component (rock, litter, basal area, and microbiotic crusts)]. Climate (precipitation
intensity, duration, and frequency) is estimated with the Climate Stochastic Weather Generator
(CLIGN) (Nicks et al. 1995) containing 300 years of daily precipitation data. The RHEM model
provides estimates of the average annual soil loss during a 300-year time span and for 2-, 5-, 10-, 25-,
50-, and 100-year return runoff events, which provide an assessment of site vulnerability from heavier
than average rainfall storm events and the consequences of accelerated soil loss from raindrop splash
and sheet-flow, and rill soil-erosion processes.

Table B-B-1. Summary of RHEM parameters associated with State-and-transition model. Initial data
parameterization of State 1 Reference.

RHEM Parameters State 1 Reference State 1-C State 2 State 3

RHEM Version 2.3 2.3 2.3 2.3
State ID ID ID ID ID
Climate Station Island Park Dam| Island Park Dam | Island Park Dam | Island Park Dam
Soil Texture Silty Clay Loam| Silty Clay Loam | Silty Clay Loam | Silty Clay Loam
Soil Water Saturation % 25 25 25 25
Slope Length (feet) 164.04 164.04 164.04 164.04
Slope Shape Concave Concave Concave Concave
Slope Steepness % 18 18 18 18
Bunch Grass Foliar Cover % 8 10 15
Forbs and/or Annual Grasses 68 40 15
Foliar Cover %
Shrubs Foliar Cover % 0 0 0 0
Sod Grass Foliar Cover % 0 0 2 2
TOTAL FOLIAR COVER % 76 50 32 12
Basal Cover % 12 3 2 1
Rock Cover % 10 10 10 10
Litter Cover % 20 5 5 2
Biological Crusts Cover % 2
TOTAL GROUND COVER % 44 20 18 14

Name: ISLAND PARK DAM
ID: 104598

Elevation: 1,920.24 m (6,300 ft)
Lat: 44.42 Long: -111.4

Avg. Precipitation: 681.66 mm ( 26.84 in )
Monthly Precipitation (mm):

Currently using this station!
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Figure B-B-5. Rangeland Hydrology and Erosion Model (RHEM) data estimates of four ecological
states associated and described in State-and-transition model (figure B-B-3). State 1 = Reference
State or Historic Plant Community, State 1-C a transitional phase in State 1, State 2, a new state with
threshold transformation, and State 3, a new state with permanent threshold transformation.

Rain Runoff
Ref 1A 1C State2  State 3
& &
% % l
Seenario Seenario
Soil Loss Sediment Yield
g g
G I
& 2
| | .
Scenario Scenario
State 1 A
Reference State 1-C State 2 State 3
Avg. Precipitation (inches/year) 26.8 26.8 26.8 268
Avg. Runoff (inches/year) 0.92 1.64 1.69 1.9
Avg. Sediment Yield (ton/ac/year) | 0.02 0.21 0.34 0.6
Ave. Soil Loss (ton/ac/year) 0.15 1.36 2.13 4.0

Figure B-B-5 shows the RHEM output for State 1A, 1C, State 2 and State 3. The values in the graph
and table are based on long-term average. In Case Study I, average precipitation is 26.8 in/yr (68
cm/yr). Runoff, soil loss, and sediment yield are shown in figure B-B-5). Runoff in the reference state
is negligible (< 1 inch/yr), and almost double in State 1C, State 2, and State 3. Soil loss for reference
State 1 was 0.15 tons/ac/yr, and increased 9-fold for State 1C (1.4 tons/ac/yr), 14-fold for State 2 (2.1
tons/ac/yr), and 27-fold for State 3 (4 tons/ac/yr) (for a point of reference, see Text Box 1). Soil loss
tolerance factors are commonly used in NRCS (Spaeth 2021). The USDA-NRCS (2018) defines the
T-factor as: “the maximum rate of annual soil loss that will permit crop (‘or site productivity”)
productivity to be sustained economically and indefinitely on a given soil.” Soil loss tolerance or
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permissible soil loss/sustainability factors are assigned to most soils by USDA Natural Resources
Conservation Service T commonly ranges from 1 to 5 tons/ac/yr (2.2—11.2 Mg/ha/yr), the lower T
value is typic of many arid and semiarid rangelands; the upper range is for class 1 cropland soils
derived originally from grasslands. In conservation planning, if associated T-factors are less than the
assigned value for the soil, then erosion is considered to be at sustainable limits. However,
controversy surrounds the T value concept, especially on rangelands: Nearing (2002) contends that T
values for US and soils worldwide are inadequate for two reasons: the original science is outdated,
and environmental issues have changed. New research is needed and a more scientific approach to the
concept is needed. Li et al. (2009) propose that three criteria be considered in developing or revising
the concept: 1) soil formation should be considered in determining T values; 2) determine long-term
relationships between erosion and productivity, and 3) examine the relationship between soil loss and
deterioration of the soil and water quality both on-site and off-site. In figure B-B-5, erosion thresholds
are included with state and transition states and phases (figure B-B-2).

Figure B-B-6 has three horizontal lines that represent critical soil loss similar to expected hydrologic
and erosion risks with State 3, threshold soil loss which State 2 has crossed and State 1C is at a point
where the community can shift to 1B and in time possibly to 1A. The alternatives for state 1C require
immediate management changes and action. State 3 has transgressed beyond an environmental
threshold and is representative of a permanent state change.

Figure B-B-6. RHEM data from figure B-B-5 above with runoff plotted on second Y axis.
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Figure B-B-7. (a) Tall Forb Community Type: visual examples of State 1 A Reference (Historic
Plant Community), (b) State 1C phase, (c) State 3, complete state transformation.

a)

b)
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Risk Analyses

Figure B-B-8. Graph represents probability classes (Low, Medium, High, or Very High) of soil loss
occurrence for any simulation year. Low, Medium, High, and Very High thresholds are based on the
50, 80, and 95 percentiles for probability of occurrence of yearly soil loss for the baseline condition
and corresponding comparison scenarios created on parameterization input screen.

0.97 0.98
0.15
0.3
=
Fol
[5]
2
o
0.04
A At P )
Baseline Scenario 2 Scenario 3

Scenario

For example, the baseline considers that 5% (red bars) of the years are categorized as “Very High”
soil loss. The red bars in the other scenarios represent the fraction of years in the RHEM simulation
that also fall in the that same range of yearly soil losses as defined in the Probability Classes Soil
Loss table below graph. Note that RHEM is reporting soil losses here and not sediment yields, which
will be different, particularly when using S-shape or concave slope shapes.

Probability Classes Soil Loss Baseline Scenario 1 Scenario 2 Scenario 3
tons/ac/yr (State 1 Ref) State 1C State 2 State 3
Low x <0.149 0.5 0 0.01 0.01
Medium 0.149 <= x < 0.249 0.3 0.01 0.01 0.02
High 0.249 <=x<0.373 0.15 0.02 0.01 0.04
Very High x > 0.373 0.05 0.97 0.98 0.93

In assessing the probability risks for the reference plant community (State 1A), figure B-B-8 shows
that there is a 50 percent chance that soil loss will be less than 0.149 tons/ac/yr, a 30 percent chance
that soil loss will be between 0.149 and 0.249 tons/ac/yr, a 15 percent chance that soil loss will be
between 0.249 and 0.373 tons/ac/yr, and a 5 percent chance that soil loss will be greater than 0.373
tons/ac/yr. In comparison, state 3 has a 1 percent chance that soil loss will be less than 0.149
tons/ac/yr, and a 98 percent chance that soil loss will be greater than 0.373 tons/ac/yr. In table B-B-5,
note that average long-term average soil loss is 4 tons/ac/yr, which is a critical level of soil loss and
will result in a transition to an eroded site without likely restoration to a facsimile of the original tall
forb plant community and diversity dynamics.
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Risks Associated with Design Storm Events

Table B-B-2. Return frequency storm events for Tall Forb Community Type State 1 Ref, State 1C,
State 2, and State 3. A return frequency storm is the size of the largest runoff or erosion event that is
expected to occur on average once during the designated time period 2—100 years.

2 YEAR RETURN FREQUENCY RESULTS FOR YEARLY MAXIMUM DAILY

REF STATE 1A STATE 1C STATE 2 STATE 3
Rain (inches) 1.388 1.388 1.388 1.388
Runoff (inches) 0.374 0.503 0.510 0.538
Sediment Yield (ton/ac) 0.007 0.066 0.106 0.202
Soil Loss (ton/ac) 0.054 0.417 0.654 1.184
5 YEAR RETURN FREQUENCY RESULTS FOR YEARLY MAXIMUM DAILY
REF STATE 1A STATE 1C STATE 2 STATE 3
Rain (inches) 1.826 1.826 1.826 1.826
Runoff (inches) 0.615 0.803 0.812 0.847
Sediment Yield (ton/ac) 0.018 0.159 0.256 0.477
Soil Loss (ton/ac) 0.101 0.754 1.167 2.089
10 YEAR RETURN FREQUENCY RESULTS FOR YEARLY MAXIMUM DAILY
REF STATE 1A STATE 1C STATE 2 STATE 3
Rain (inches) 2.215 2.215 2.215 2.215
Runoff (inches) 0.841 1.011 1.022 1.056
Sediment Yield (ton/ac) 0.026 0.224 0.357 0.673
Soil Loss (ton/ac) 0.132 0.976 1.521 2.671
25 YEAR RETURN FREQUENCY RESULTS FOR YEARLY MAXIMUM DAILY
REF STATE 1A STATE 1C STATE 2 STATE 3
Rain (inches) 2.701 2.701 2.701 2.701
Runoff (inches) 1.107 1.393 1.414 1.475
Sediment Yield (ton/ac) 0.042 0.341 0.542 1.019
Soil Loss (ton/ac) 0.176 1.307 2.020 3.566
50 YEAR RETURN FREQUENCY RESULTS FOR YEARLY MAXIMUM DAILY
REF STATE 1A STATE 1C STATE 2 STATE 3
Rain (inches) 2912 2912 2.912 2.912
Runoff (inches) 1.535 1.873 1.883 1.915
Sediment Yield (ton/ac) 0.051 0.410 0.632 1.250
Soil Loss (ton/ac) 0.199 1.523 2.400 4.095
100 YEAR RETURN FREQUENCY RESULTS FOR YEARLY MAXIMUM DAILY
REF STATE 1A STATE 1C STATE 2 STATE 3
Rain (inches) 3.989 3.989 3.989 3.989
Runoff (inches) 1.708 2.097 2.131 2.236
Sediment Yield (ton/ac/yr) 0.070 0.567 0.902 1.663
Soil Loss (ton/ac/yr) 0.278 2.013 3.164 5.740
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Table B-B-3. (a) RHEM tables representing storm return frequencies on a daily time-step for State 2,
State 2 has departed from reference HPC conditions and according to the State-and-transition model
diagram (figure B-B-3) is most likely a permanent shift from State 1; (b) RHEM tables representing
storm return frequency data based on yearly total.

a)
State 2: RETURN FREQUENCY RESULTS FOR YEARLY MAXIMUM DAILY
VARIABLE 2YR 5YR 10 YR 25 YR 50 YR 100 YR
Rain (inches) 1.4 1.8 2.2 2.7 2.9 4.0
Runoff (inches) 0.5 0.8 1.0 1.4 1.9 2.1
Soil Loss (ton/ac) 0.7 1.2 1.5 2.0 24 3.2
Sediment Yield (ton/ac) 0.1 0.3 0.4 0.5 0.6 0.9
b)
State 2: RETURN FREQUENCY RESULTS FOR YEARLY TOTALS
VARIABLE 2 YR 5YR 10 YR 25 YR 50 YR 100 YR
Rain (inches) 20.5 | 24.1 25.8 27.5 29.0 31.9
Runoff (inches) 1.5 2.5 3.0 3.8 4.5 4.9
Soil Loss (ton/ac/yr) 1.9 3.2 4.0 4.8 5.2 6.3
Sediment Yield (ton/ac) 0.3 0.5 0.7 0.9 1.1 1.4

Table B-B-3 shows the hydrology and soil loss for 2 to 100-year return frequency storms. For
example, the long-term average soil loss for state 2 is 2.13 tons/ac/yr (figure B-B-6); however, one 5-
year storm event can generate 1.2 tons/acre of soil loss, and the yearly total with a 5-yr storm
generated 3.2 tons/ac/yr (table B-B-3b). Likewise, in evaluating a 50-yr storm event for State 2, the
long-term average soil loss is 2.13 tons/ac/yr, a 50-yr storm could generate 2.4 tons/ac/yr, and the
yearly total including a 50-yr storm could generate 5.2 tons/ac/yr (table B-B-3b). On rangelands, and
especially the tall forb plant community, events from single 2—100-year storm events can generate
soil loss levels that are either close to or significantly greater than long-term average soil loss rates. It
is the rare or high intensity storms that can cause hydrologic events that shift the plant community
over a threshold, especially when coupled with low plant cover and improper management from
grazing or other uses. Land managers must be cognizant of the effects and risks associated with
intense storm events as they can initiate rills that eventually form gullies. In summary, range
managers should not be complacent with seemingly low average annual soil loss values, and examine
the risks associated with higher intensity storm events.
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Appendix B-C. — Example of Pastureland State as an Alternate Land Use

Figure B-C-1. Example of Pastureland state as an alternate land use with state-and-transition model.
Ecological site F131AY504LA Delta Plain - Natural Levees and Ridge Hardwoods.
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State 4
Converted State - Pasture or Grassland

Figure B-C-2. Photo of converted state, pasture or grassland (see Fig. B-C-1 state-and-transition
model).

Pasture or Grassland

This state is characterized by a monoculture or a mixture of forage species that have been planted or
allowed to establish from naturalized species. Pasture and Hayland Group 2C - Deep bottomland soils
with loamy surface layers and loamy subsoils. Somewhat poorly drained to well drained alkaline
bottomlandsoils of high natural fertility. 0-8% slopes. Most slopes are 0—3%. Only a few soils occur
on 3—5% slopes.

This site is suited for forage production; however, there are some natural wetness limitations. When
site hydrology has been altered with drainage systems, forage species may be established. Drainage
system control must be implemented and maintained as wet conditions will reduce forage growth
production and limit the ability of livestock to graze. When the site is utilized for forage production,
wetness conditions and/or flooding must be monitored to prevent loss of livestock or forage crop.
Additionally, adjacent higher elevation areas or protected areas may be needed for the storage of
harvested forage or holding of livestock when wet or flooded conditions occur. Some forage
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operations on this site may not experience extreme wetness events in any year; however, preplanning
and resources to meet the needs of the livestock should be part of the operational plan.

Nitrogen fertilization is required for higher levels of grass production. It is not practical to apply high
rates of fertilizer due to the wetness limitation potential of the site which normally occurs from
December through June. To prevent extreme acidity in the subsoil when high rates of acidifying
nitrogen are used, the surface soil should not be allowed to become more acid than 5.0 pH and lime
should be applied at more frequent intervals.

Adapted Grasses and Legumes

Hybrid bermudagrass, common bermudagrass, dallisgrass, bahiagrass, and johnsongrass are the better
adapted warm season perennials. Overflow hazards should be controlled to reduce the limitations of
forage species. A variety of clover species are having varying degrees of success, depending on site
conditions and annual climate trends (arrowleaf clover, berseem clover, crimson clover red clover,
white clover, subterranean clover, ball clover, balsana clover, vetch, winter peas). Seeding dates range
from mid-September to mid-November (see LSU Cool Season Pasture and Forage Varieties Pub.
2334). Legumes do not commonly persist as long-term perennial stands on this site. Periodic brush
control is needed to prevent the area from reverting to woodland.

Dominant Resource Concerns

Classic gully erosion

Compaction

Organic matter depletion

Aggregate instability

Nutrients transported to surface water

Pesticides transported to surface water

Objectionable odors

Plant productivity and health Plant structure and composition
Plant pest pressure

Feed and forage imbalance

Inadequate livestock shelter

Inadequate livestock water quantity, quality, and distribution

Community 4.1
Managed monoculture grassland

Typically, this phase is characterized by planting forage species for hay production. Forage plantings
generally consist of a single grass species. Introduced native and/or non-native forage species can be
seeded. Forage is usually harvested as hay or haylage, although grazing may occur periodically.
These sites are highly productive for forage and can provide ecological benefits to control soil
erosion. Allowing for adequate rest and regrowth of desired species is required to maintain sustained
productivity. Maintenance of monoculture stands also requires control of unwanted species which
will require Pest Management and Nutrient Management to maintain the needed fertility for
production of the species.

Generally, application of fertilizer and lime, is needed to establish and maintain improved desirable
pastures. Bahiagrass and common bermudagrass, may be sustained under natural fertility and pH
levels. Introduced legumes require higher pH, phosphorus, and potassium levels than most grasses.
Introduced grasses, such as hybrid bermudagrass, require a higher level of sustained fertility, maintain
pH above 6.0, and good surface drainage, to persist. Implementation of managed grazing of grass
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species will promote deeper root growth in the soil profile in order to tap into the available nutrient
reservoir and available moisture.

Conservation practices should include Managed Grazing, or Forage Harvest Management, Nutrient
and Pest Management and other site-specific facilitating practices.

Dominant plant species
o Bermudagrass (Cynodon dactylon)

o Bahiagrass (Paspalum notatum)
o Dallisgrass (Paspalum dilatatum)

Dominant resource concerns: Plant productivity and health Plant structure and composition Feed and
forage imbalance.

Table B-C-1. Annual production by plant type.

Low Representative
Plant Type Value High (Ibs/Acre)
(Ibs/Acre) (Ibs/Acre)
Grass/Grasslike | 6,000 8,000 10,000
Total 6,000 8,000 10,000

Growth Curves

Production (%)

Figure B-C-3. Plant community growth curve (percent production by month). LA0001, Hybrid
Bermuda grass.
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Figure B-C-4. Plant community growth curve (percent production by month). LA0006,
Common Bermudagrass.
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Figure B-C-5. Plant community growth curve (percent production by month). LA0012, Bahia
grass.
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Figure B-C-6. Plant community growth curve (percent production by month). LA0016,
Dallisgrass.
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Community 4.2
Mixed Species Managed System

Figure B-C-7. Photo of mixed species managed system (see figure B-C-1 state-and-transition
model).

This community is characterized by mixed species composition of grasses and legumes, which are
planted or establish naturally. Typically introduced perennial warm season grasses are the foundation
of the stand which is periodically over seeded with adapted cool season forages such as annual rye
and legumes to extend the grazing season. This community phase can be highly productive for
grazing and haying operations and can provide beneficial habitat for some wildlife species.

Maintenance of grass stands also requires a collection of management practices such as managed
grazing, brush management, pest management, and nutrient management to maintain production of
the desired species. Managed grazing includes maintaining proper grazing heights, timing, and
stocking rates. Supporting or facilitating practices including fences, water lines and watering facilities
can be used to maintain this state phase.

Dominant resource concerns

Compaction, inadequate livestock water quantity, quality, and distribution
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Community 4.3
Mixed Species, Non-seeded

Figure B-C-8. Photo of mixed species, non-seeded pasture state (see figure B-C-1 state-and-
transition model).

This community is characterized by a stand where non-seeded mixtures of native and naturalized non-
native species occur. This state phase is associated with abandonment of cropping i.e., idle cropland
that is not being utilized for forage production. This phase represents low management inputs after
cropping such as no initial seeding of pasture species or periodic attempts of over seeding with
adapted forage species. Forage is usually grazed and/or harvested as stored forage, hay or haylage.
Common established species may include Bermudagrass, Bahia grass, Vasey grass, and carpet grass.
This state is productive, forage and grazing management can maintain forage stands and protect soils
from excessive runoff and erosion. A common hazard associated with this phase is overgrazing which
favors less productive and less palatable weedy species, especially in areas where livestock
congregate. Proper stocking rates and/or grazing systems that allow for adequate rest and plant
regrowth are required to maintain productivity.

When forage species are afforded adequate recovery time between grazing intervals, they will
develop deeper root systems and greater leaf area allowing for the capture of greater solar energy
allowing adequate photosynthetic fixation of carbohydrates for plant growth. Conversely when plants
are not allowed to recover adequately, root development will be restricted, and forage and biomass
production will be reduced. Maintenance of grass stands also requires pest management for control of
unwanted weedy and woody species.

Dominant resource concerns

Sheet and rill erosion, compaction, plant productivity and health, plant structure and composition,
feed and forage imbalance
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Community 4.4
Early Woody Succession

Figure B-C-9. Photo of early woody succession state (see figure B-C-1 state-and-transition
model).

When the ecological threshold is crossed to where the stem diameter exceeds 23 inches and tree
densities exceed 100-300 stems per acre, the site has transitioned to the Woody Encroached State.
This community is characterized by diverse species composition of grasses and forbs with an
increasing composition of woody species (native and non-native) that are immature and low stature. If
this community phase is not managed, and no brush management measures are taken, the plant
community will transition to the woodland encroached State (5). Control of woody species will
require input of extensive resources to return to a grassland or cropland state. In this phase, woody
stature is large enough to inhibit agricultural cropping implements and equipment to return the site to
a cropland phase. Woody invasive species grow quickly and can be difficult and expensive to control.
Some Invasive woody species, such as tallow trees (7riadica sebifera) will invade and grow to
produce seeds in as few as three years. If the restored hardwood community is desired, proper
management is required to control invasive plants. This phase can be beneficial habitat for some
wildlife species.

Dominant Resource Concerns

Sheet and rill erosion, compaction, plant productivity and health, feed and forage imbalance.
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Appendix B-D. — Example Rangeland health reference sheet

Loamy Hills HX076XY115

Indicators

1. Rills: No natural rill formation common on the Loamy Hills ecological site.

2. Water flow patterns: Natural water flow patterns are vegetated and non-scoured. Visual
inspection should not find litter, soil, gravel redistribution, or pedestalling of vegetation or stones
that intercept the flow of water as a result of overland flow. On steeper slopes, 15-30%, water flow
patterns may be more apparent due to site steepness but remain stable and vegetated.

3. Pedestals or terracettes: There is no evidence of pedestals or terracettes that would indicate the
movement of soil by water and/or by wind on this site.

4. Bare ground: Averages of less than 5% bare ground. Bare ground on this site is the remaining
ground cover after accounting for ground cover [vegetation (basal and canopy [foliar] cover), litter,
standing dead vegetation, gravel/rock, and visible biological crust (e.g., lichen, mosses, algae)].

5. Gullies: No evidence of accelerated water flow resulting in downcutting or formation of
gullies.

6. Wind scoured and/or depositional areas: No wind-scoured or blowout areas where the finer
particles of the topsoil have blown away, sometimes leaving residual gravel, rock, or exposed roots
on the soil surface. No areas of redeposited soil from other sites due to the wind erosion and
deposition.

7. Litter movement: No evidence of litter movement (i.e., dead plant material that is in contact with
the soil surface on shallow slopes). On slopes greater that 15%, some movement may be
observable from recent higher intensity storms. Litter dams are not expected.

8. Soil surface resistance to erosion: Soil surface aggregates are stabilized by soil organic matter
which has been fully incorporated into aggregates at the soil surface, adhesion of decomposing
organic matter to the soil surface, and biological crusts. Soil stability from the soil stability test
should be in the range of 5-6. Soil stability may temporarily decline following fire due to
hydrophobicity of organic materials on the soil surface.

9. Soil surface loss and degradation: Labette OSD: Using clay loam surface texture, and Manhattan
KS climate station. Cover values 95% bunchgrass, 1% sod grasses, 3% forbs, 1% shrubs.

At 0-5% slope, Rangeland Hydrology and Erosion Model (RHEM) prediction < 0.6 tons/ac; 5—
10% slope < 0.8 tons/ac; 10—15% slope < 1.0 tons/ac; 15-30% slope < 2.5 tons/ac.
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Table B-D-1. RHEM Model parameters.

RHEM parameters 0-5% 5-10% 10-15% 15-30%
Avg. Precipitation 32.548 32.548 32.548 32.548
(inches/year)
Avg. Runoff (inches/year) 8.321 8.415 8.447 8.443
Avg. Sediment Yield 0.584 0.800 1.083 2.451
(ton/ac/year)
Avg. Soil Loss (ton/ac/year) 0.587 0.804 1.089 2.469

In the Interpreting Indicators of Rangeland Health manual, examples of using the RHEM model are
not discussed. However, RHEM predictions of current soil erosion can provide an indicator of active
erosion compared to a reference condition.

A--0 to 23 centimeters (0 to 9 inches); very dark gray (10YR 3/1) silty clay loam, very dark brown
(10YR 2/2) moist; strong fine and medium granular structure; slightly hard, friable, slightly plastic
and slightly sticky; few tubular pores; many fine roots; slightly acid; gradual smooth boundary, 15 to
30 centimeters thick (6 to 12 inches).

BA--23 to 38 centimeters (9 to 15 inches); very dark grayish brown (10YR 3/2) silty clay loam, very
dark brown (10YR 2/2) moist; strong fine and very fine subangular blocky structure; hard, firm,
slightly plastic and slightly sticky; many tubular pores; many fine roots; slightly acid; gradual smooth
boundary, 0 to 20 centimeters thick (0 to 8 inches).

10. Effect of community composition and distribution on infiltration: Deep rooted perennial

bunchgrasses comprise the plant functional and structural groups of the Reference Plant Community
(see functional and structural group worksheet) and plant composition tables in ESD. Transitions to
sod forming species beginning in state 1.2 can be associated with higher runoff potential and less
infiltration capacity. As the site transgresses toward state 1.2 and other states outside of reference
conditions, overall site water balance is affected with less water storage for plant growth and
subsequent production.

11.

Compaction layer: No compaction layers (0—6 in) occurs naturally on this site. Soil structure is
similar to that described in Indicator 9. If soil is compacted, physical features will include platy,
blocky, dense soil structure over less dense soil layers, horizontal root growth, and increase bulk
density.

12.

Functional/Structural Groups: This site is dominated by native warm season tallgrasses, with
lesser percentages of subdominant midgrasses and shortgrasses (about 86% of total production).
Cool season native grasses are also an important component of this ecological site (0.4—2% of total
production). Native forbs comprise about 12% of the total production, and shrub/vines about 2%.

Relative Dominance of F/S Groups for Community Phases in the Reference State
Minimum expected number of species for dominant and subdominant groups is included in
parenthesis

Dominance Category

Dominant (5 FSG):
Group 1 Tallgrass dominant (30—60% of RV production; 1500-3000 lbs/ac). Big bluestem
(1500-3000 Ibs/ac); Indiangrass (200610 Ibs/ac), switchgrass (150405 Ibs/ac); composite
dropseed (20100 Ibs/ac), and eastern gamagrass (0—405 Ibs/ac).
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Subdominant (4 FSG):
Group 2 Midgrass subdominant (16-22% RV production; 800—1100 Ibs/ac). Little bluestem
(800-1010 Ibs/ac); sideoats grama (20—100 Ibs/ac); purple lovegrass (0—50 lbs/ac); and
porcupinegrass (0-50 Ibs/ac).

Minor Graminoids (8 FSG):
Group 3 Shortgrass trace (1-2% RV production; 60—100 Ibs/ac). Blue grama (0—70 lbs/ac), hairy
grama (0—40 Ibs/ac).
Group 4 Cool-season grass Trace (0.4—2% RV production; 20-100 lbs/ac). Western wheatgrass
(10-50 Ibs/ac), sedge (0-25 lbs/ac), Canada wildrye (10-50 Ibs/ac), Virginia wildrye (0-30
Ibs/ac), prairie junegrass (0—25 lbs/ac), Scribner's rosette grass (0—40 lbs/ac).

Minor Forbs (5 FSG, includes dominant forbs)
Group 5 forbs (5-12% RV production; 250—-600 lbs/ac). Three most dominant forb species are
compassplant, Nutgall’s sensitive briar, and Illinois bundleflower. See reference plant community
for entire list.

Minor Shrubs (2 FSG)
Group 6 shrub (0.5-2% RV production; 25-100 Ibs/ac). leadplant (15-50 Ibs/ac), Jersey tea 15—
50 Ibs/ac).

13.

Dead of dying plant parts: Recruitment of plants is occurring and there is a mixture of many age
classes of plants. The majority of the plants are alive and vigorous. Some mortality and decadence is
expected for the site, due to drought, unexpected wildfire, or a combination of the two events. This
would be expected for both dominant and subdominant groups.

14.

Litter cover and depth: Plant litter is distributed evenly throughout the site. There is no
restriction to plant regeneration due to depth of litter. When prescribed burning is implemented,
there will be little litter the first half of the growing season.

15.

Annual production: Native species, current year growing season production is included in
production data (introduced species are not calculated). Site potential (total annual production)
ranges from 3,000 Ibs in a below-average rainfall year and 6,500 Ibs in an above-average rainfall
year. The representative value for this site is 5,000 lbs production per year (see ESD species
composition table).

16.

Invasive Plants: Reference plant community--no noxious weeds present. Common invasive native
plants are osage orange, honeylocust, elms, and eastern redcedar. These species are not components
of the native plant composition on this site. Invasive species composition > 2% foliar cover is
indicative of shifts to slight to moderate departure.

17.

Vigor with an emphasis on reproductive capability of perennial plants: Plants in all functional
structural groups are capable of reproducing annually under normal climate conditions. Current
management activities (principally grazing) do not adversely affect the capability of plants to
reproduce.
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Appendix B-E. — Example of Ecological Site Matrix with Corresponding
Rangeland Health Reference Sheet

Ecological Site: R151XYO005LA; Brackish Firm Mineral Marsh 55-64 PZ.
Reference data for rangeland health matrix.
State 1.1 Reference Community: Saltmeadow cordgrass / Bulrush / Seashore Paspalum Community

Saltmeadow cordgrass (Spartina patens) is the dominant species in this phase. Saltmeadow cordgrass
is typically found where salinity levels are between 3 and 9 ppt and water depth is up to 6 inches.
Secondary herbaceous vegetation is directly influenced by factors such as elevation, water depth, and
salinity. Variations in one or more of these factors can result in the plant community shifting back and
forth from species that are typically associated with more saline conditions to species that are
generally associated with fresh marsh.

Seashore paspalum (Paspalum vaginatum), chairmakers bulrush (Schoenoplectus americanus),
saltmarsh bulrush (Bolboschoenus robustus), and California bulrush (Schoenoplectus californicus) are
the most significant sub-dominant species. Seashore saltgrass is found in the drainageways within the
site. Seashore paspalum can withstand more saline conditions and longer periods of inundation than
saltmeadow cordgrass. Low growing and sod-forming grasses and grass-like plants such as dwarf
spikerush (Eleocharis parvula), and fragrant flatsedge (Cyperus odoratus) are minor components of
this plant community. Common reed (Phragmites asutralis) occurs in areas that are fresh water or
slightly elevated. Widgeongrass (Ruppia martitima) is a submerged aquatic species that is typically
found in open water areas within the brackish marsh and is an excellent duck food.

The primary forbs found on this site are southern cattail (7Typha domingensis), saltmarsh
morningglory (Ilpomoea sagittate), and Virginia saltmarsh mallow (Kosteletzkya virginica). Shrubs
are rare to non-existent on this site in its pristine state, however a few widely scattered shrubs may
occur. Those shrubby species may include Jesuit’s bark (Iva frutescens), eastern baccharis (Baccharis
halimifolia), and California desert-thorn (Lycium carolinianum). Fire is a major management tool for
this plant community. Without fire the accumulated saltmeadow cordgrass not only suppresses other
vegetation, but it can also reduce its own annual production because the old growth suppresses the
potential for new, vigorous growth. Prescribed fire allows species such as dwarf spikerush and
seashore saltgrass to increase both spatially and in biomass production.

Table B-E-2. Species production estimate Table for ESD.

Plant Type Low (Ibs/acre) Repre;lebnst/z;tcl::)Value (lbl;l/lagcl;e)
Grass/Grasslike 4,500 11,150 13,500
Forb 500 750 1,250
Shrub/Vine 10 100 250
Total 5,010 12,000 15,000
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Figure B-E-1. Evaluation Matrix: R151XYO005LA; Brackish Firm Mineral Marsh 55-64 PZ.

State Office Date

Authors:
Departure from Reference Sheet

Indicator Extreme to Total Moderate to Moderate Slight to None to Slight
Extreme Moderate
1. Rills No past or recent | No past or No past or recent | No past or recent | No past or recent
rills evident. recent rills rills evident. rills evident. rills evident.

evident.

2. Water Flow
Patterns

Water flow
patterns are
extensive and

More numerous
than expected;
deposition and

Nearly matches
what is expected
for the site;

Little evidence
of minor
erosion. Flow

Water flow
patterns are
stable and well

numerous, cut areas erosion is minor | patterns are vegetated.
unstable with common. with some stable and Minimal
active erosion/ instability. Some | occasional to evidence of past
scouring or deposition frequent tidal or current
extensive recent occurring. surge or deposition.
deposition. overwash from
adjacent beach
area.
3. Pedestals Abundant active Moderate Slight active No active Typically none —
and/or pedestalling and active pedestalling pedestaling or Cordgrass spp.
Terracettes numerous pedestalling; mainly in flow terracette can pedestal
terracettes. Terracettes paths and formation Some | naturally as
common. interspaces. evidence of past | material gets
Occasional pedestal deposited around
terracettes formation the plant and
present. especially in then gets
flow paths. naturally eroded

off.

4. Bare Ground

Bare ground is
>30%.

Bare ground
20-30%.

Bare ground 10—
20%.

Bare ground 5—
10%.

Generally, bare
ground should
be less than 5%
and randomly

distributed
throughout.

5. Gullies Common, with Moderate in Occasional in Uncommon, Typical gullies
active erosion. No | number with number with vegetation is are not evident
vegetation indications of indications of stabilizing the on site. Scour
present. active erosion, active erosion; bed. No signs of | channels from

vegetation is vegetation is active erosion. past storm

infrequent. intermittent. events may be
present but are
stable.

6. Wind N/A N/A N/A N/A N/A

Scoured,

Blowout,

and/or

Depositional

Areas
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Departure from Reference Sheet

Indicator Extreme to Total Moderate to Moderate Slight to None to Slight
Extreme Moderate

7. Litter Large amounts of | Significant Moderate Slight movement | Litter movement

Movement litter and debris amounts of amounts of litter | except with infrequent

(wind or water) | are deposited, litter moved moved from intense storms or | except with
removed or from place to place to place on | tidal surge. intense storms or
moved from place | place on the the site by tidal surge.
to place on the site by intense intense storms or
site by intense storms or tidal | tidal surge.

storms or tidal
surge.

surge.

8. Soil Surface

Soil surface

Soil surface is

Soil surface is

Soil surface is

Soil surface is

Resistance to stability is slightly stable. | moderately stable but typically stable.
Erosion severely reduced. stable. showing signs of

reduced

aggregates and

organic matter.
9. Soil Surface Surface organic 25-50% of the | Less than 25% Some signs of 0-3 inches dark

Loss or
Degradation

layer rarely
present and then
only in
association with
protected areas.

surface organic
layer is absent.

of the surface
organic matter is
absent.

past loss of
surface organic
matter with
stable surface
now.

gray mucky clay,
3-48 inches very
dark gray to gray
clay, 48-52
inches gray
loamy fine sand,
52-80 inches
gray clay loam

to gray clay.
10. Effects of N/A N/A N/A N/A Hydrologic
Plant dynamics consist
Community of high water
Composition table and
and saturated soil
Distribution conditions 70%
Relative to of the time. Plant
Infiltration community

composition has
little effect on
infiltration.
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Departure from Reference Sheet

. Extreme to Moderate to Slight to .
Indicator Total Extreme Moderate Moderate None to Slight
11. Compaction | None None None None None
Layer
12. Functional/ Few dominant Dominant plant | Dominant plant | Dominant plant Dominant

Structural
Groups (F/S
Groups)

See Functional/
Structural
Groups
Worksheet

plant functional
groups dominate
the site.
Significant non
dominant plants
are present.

functional
groups
represented by
scattered few
individual
species. Less
dominant
functional
groups now
dominate the
site.

functional
groups occur,
but no longer
dominate. Shift
from dominant
to subdominant
functional
group has
occurred.

functional groups
are diminished
but still
dominate. Sub
dominant plants
groups are
represented in
slightly higher
proportion. Less
number of
species in most
functional
groups.

plants: Warm-
season grass
and grass-likes.

Sub dominant
plants: Sod
forming
grasses.

Other plants:
Annual grasses
are infrequent.
Perennial forbs
present

Relative Dominance of F/S Groups for Community Phases in the Reference State
Minimum expected number of species for dominant and subdominant groups is included in parenthesis

Dominance Category

Dominant grasses (2 FSG): saltmeadow cordgrass (1,000—16,000 lbs/ac), California bulrush (0—6,000

Ibs/ac)

Subdominant grasses (3 FSG): seashore paspalum (500—4,000 lbs/ac), chairmakers bulrush (500—4,000
Ibs/ac), coast cockspur grass (0—1,800 lbs/ac)

Forbs: Alligatorweed (3 FSG): (0—1,000 Ibs/ac); southern cattail (0-500 Ibs/ac), herb of grace (0-200
Ibs/ac), saltmarsh morningglory (0—100 Ibs/ac), and Virginia saltmarsh mallow (0—100 lbs/ac).

Minor shrubs (0—1 FSG): (0—100 Ibs/ac): Jesuit’s bark, eastern baccharis, California desert-thorn

13. Dead of Significant Frequent amount | Moderate Slightly greater Perennial
Dying Plants or amount of dead | of dead or amount of dead | (5-10%) dead grasses will
Plant Parts or decadent decadent plants or decadent and/or decadence | naturally
plants are are present (20- | plants are present. exhibit a minor
present (greater 30%). present (10— amount (less
than 30%). 20%). than 5%) of
senescence and
some mortality
every year.
14. Litter Cover | N/A N/A N/A N/A Significant

and Depth

amount of litter
from onsite
plant
production.
Decomposition
of litter is rapid
above water
table.
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Departure from Reference Sheet

. Extreme to Moderate to Slight to .
Indicator Total Extreme Moderate Mo?]era te None to Slight
15. Annual Productivity less | Productivity 20— | Productivity Productivity 60— | 6000 to 20,000
Production than 20% of 40% of potential | 40-60% of 80% of potential | pounds per
potential production. potential production. acre.
production. production.
16. Invasive Dominate the Common Scattered Present primarily | Chinese Tallow
Plants site. throughout the throughout the in disturbed Tree.
site. site. areas.
17. Vigor with Ability of plants | Ability of plants | Ability of plants | Ability of plants | All perennial
an Emphasis on | to produce seed | to produce seed | to produce seed | to produce seed species should
Reproductive or vegetative or vegetative or vegetative or vegetative be capable of
Capability of tillers is severely | tillers is greatly | tillers is tillers is only reproducing
Perennial Plants | reduced relative | reduced relative | somewhat slightly limited every year
to recent to recent limited relative | relative to recent | unless
climatic climatic to recent climatic disrupted by
conditions. conditions. climatic conditions. catastrophic
conditions. events
occurring
immediately
prior to, or
during the
reproductive
phase.
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Figure B-E-2. Rangeland Health Reference Sheet
Author(s)/participant(s):

Date: MLRA: 151 Ecological Site: Brackish Firm Mineral Marsh Site ID: RISIXYO005SLA  This must
be verified based on soils and climate (see Ecological Site Description). Current plant community cannot be used to

identify the ecological site.

Composition (Indicators 10 and 12) based on: X Annual Production, _Cover Produced During Current Year

__Biomass

Indicators. For each indicator, describe the potential for the site. Where possible, (1) use numbers, (2)
include expected range of values for above- and below-average years and natural disturbance regimes for
each community within the reference state, when appropriate and (3) cite data. Continue descriptions on
separate sheet.

1. Number and extent of rills: No recent or past rills evident

2. Presence of water flow patterns: Water flow patterns are stable and well vegetated. Minimal
evidence of past or current deposition.

3. Number and height of erosional pedestals or terracettes: Typically, None — Cordgrass spp. can
pedestal naturally as material gets deposited around the plant and then gets naturally eroded off.

4. Bare ground from Ecological Site Description or other studies (rock, litter, lichen, moss, plant
canopy are not bare ground): Generally, should be less than 5% and randomly distributed throughout.

5. Number of gullies and erosion associated with gullies: Typical gullies are not evident on site.
Scour channels from past storm events may be present but are stable.

6. Extent of wind scoured, blowouts and/or depositional areas: None

7. Amount of litter movement (describe size and distance expected to travel): Litter movement
slight except with intense storms or tidal surges.

8. Soil surface (top few mm) resistance to erosion (stability values are averages — most sites will
show a range of values): Soil surface is typically stable.

9. Soil surface Loss and Degradation): 0-3 inches dark gray mucky clay, 3—48 inches very dark gray
to gray clay, 48—52 inches gray loamy fine sand, 52—80 inches gray clay loam to gray clay

10. Effect of plant community composition (relative proportion of different functional groups) and
spatial distribution on infiltration and runoff: Hydrologic dynamics consist of high-water table and
saturated soil conditions 70% of the time. Plant community composition has little effect on infiltration

11. Presence and thickness of compaction layer (usually none; describe soil profile features which
may be mistaken for compaction on this site): None

12. Functional/Structural Groups (list in order of descending dominance by above-ground
production or live foliar cover):
Dominance Category
Dominant grasses (2 FSG): saltmeadow cordgrass (1,000-16,000 lbs/ac), California bulrush (0—
6,000 Ibs/ac)
Subdominant grasses (3 FSG): seashore paspalum (500—4,000 lbs/ac), chairmakers bulrush
(500-4,000 1bs/ac), coast cockspur grass (0—1,800 Ibs/ac)
Forbs: Alligatorweed (3 FSG): (0—1,000 Ibs/ac); southern cattail (0—-500 Ibs/ac), herb of grace
(0200 Ibs/ac), saltmarsh morningglory (0—100 Ibs/ac), and Virginia saltmarsh mallow
(0100 Ibs/ac)
Minor shrubs (0-1 FSG): (0-100 Ibs/ac): Jesuit’s bark, eastern baccharis, California desert-
thorn
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13. Amount of plant mortality and decadence (include which functional groups are expected to
show mortality or decadence): Perennial grasses will naturally exhibit a minor amount (less than 5%)
of senescence and some mortality every year.

14. Average percent litter cover ( %) and depth ( inches): Significant amount of litter
from onsite plant production. Decomposition of litter is rapid above water table.

15. Expected annual production (this is TOTAL above-ground production, not just forage
production):
6000 to 20,000 pounds per acre

16. Potential invasive (including noxious) species (native and non-native). List species which
characterize degraded states, and which have the potential to become a dominant or co-dominant
species on the site if their future establishment and growth is not actively controlled by
management interventions. (Species that become dominant for only one to several years (e.g.,
short-term response to drought or wildfire) are not invasive plants.): Chinese Tallow tree

17. Perennial plant reproductive capability: All perennial species should be capable of reproducing
every year unless disrupted by catastrophic events occurring immediately prior to, or during the
reproductive phase.
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Appendix B-F. — Determining the Ecological Site

The ecological site must be determined at each planning and/or monitoring evaluation area to ensure
that the correct reference sheet is used to conduct the [IRH assessment. Ecological sites are delineated
based on climate, physiographic, soil, water, hydrologic, and vegetation composition and production
features. Soil surveys provide the foundation for describing and mapping ecological sites and help
identify the soil map unit and corresponding soil components at the site evaluation area.

Steps in Determining the Ecological Site
(1) A list of the ecological sites that are likely to occur at an evaluation area should be
compiled.

This step does not determine the ecological site at a specific evaluation area as soil map
units are commonly comprised of more than one soil map unit component. Each
component in a soil map unit may be correlated to a different ecological site. In addition
to the soil components listed in a soil map unit description, soil inclusions (soils
representing less than 15% of the soil map unit area) are found in most soil map units and
may be correlated to different ecological sites (Reid 2021; Pellant et al. 2020).

(2) Use the unique ecological site ID, rather than the ecological site name.

Thisprevents accidentally using an ecological site description with the same name from a
different land resource unit/major land resource area.

Ecological sites are grouped into land resource units(LRUs), which are then grouped into
major land resource areas (MLRAs) within each state. Refer to the U. S. Department of
Agriculture Handbook 296 for further information. Each ecological site description has a
unique code that identifies the MLRA, LRU, ecological site number, and state. For
example, ecological site description code R0O11XYO014ID is interpreted as shown in figure
B-F-1.

Figure B-F-1. Components of an ecological site description code. “R” at the beginning of the code
shows it is a rangeland ecological site (Pellant et al. 2020).

B S v b b
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(3) Observe the site evaluation area soils and physiography.

After reviewing the soil survey map unit and component data and listing the possible
correlated ecological sites in an evaluation area, the final ecological site determination is
made in the field by observing the site evaluation area’s soils and physiographic
characteristics and comparing these characteristics to the descriptions provided in the
ecological site description or soil survey. An example of an ecological site determination
is shown in figure B-F-2.

(190-645-H, June 2022)
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Figure B-F-2. Example of using a soil survey to identify the ecological site of a site evaluation area.
(a) After determining the location of the evaluation Area of Interest (AOI), use the soil survey map to
determine potential soils in the AOL In this example, the evaluation area is in Map Unit 47 of the
Elmore Area County Soil Survey. (b) Refer to the map unit composition to determine the soil
component(s) in the evaluation area.

e For this area, the major components in map unit 47 are Davey (50%) and Mazuma (30%).
(c) Compare physiographic features of the evaluation area with those of the soil
component’s setting and slope. In this example, the slope of the evaluation area matches
the slope of the Davey soil component (12—40%). The soil component is then identified by
digging a soil pit and comparing to the description of the Davey soil component (d) After

(190-645-H, June 2022)
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determining the soil component in the evaluation area, document the information in the
ecological site determination section on page 1 of the evaluation sheet (Pellant et al. 2020).
Digging to a minimum depth of 20-25 inches (51-64 cm) is usually required to
distinguish ecological sites in most areas. “Shallow” ecological sites are often
distinguished by soils less than 20 inches (51 cm) in depth. It is strongly recommended to
dig a deeper hole if possible; greater depths will increase the accuracy of soil and
ecological site identification.

Record observations of soil horizons and their depth, texture, and effervescence and other
diagnostic characteristics, such as soil structure, color, grade, and size.

Mobile apps and other technological tools are increasingly available and can facilitate
soil identification when using soil pits. It is also recommended to consult a soil scientist
or resource specialist familiar with soil identification if there is uncertainty about the
soils.

Ecological site mapping in EDIT (Ecosystem Dynamics Interpretive Tool). Visit the
EDIT website (edit.jornada.nmsu.edu) and navigate to the ecological site descriptions
catalog. Using the MLRA mapping feature, zoom in to the area of interest. The soil map
unit polygons will appear as you zoom in. Click on the soil map unit. A list of ecological
sites associated with the dominant soil components within that soil map unit will be
provided if the ecological site correlations are available in the underlying database. The
correlated soils and ecological site description status can be found by clicking on each
listed ecological site.

Figure B-F-3. Snapshot of EDIT tool soil map feature with two soils components correlated to two
different ecological sites (Reid 2021).

(4) Obtain ecological site correlations from soil survey data.

When ecological site mapping correlations are not available in EDIT, or when additional
soils information is required, consult electronic or hard copies of soils surveys. Most soil
map unit descriptions include component ecological site correlations.

The availability of soil surveys in paper or electronic format varies across the Western
United States; however, most are available with internet searches. Soil surveys are now
published electronically as they are revised and updated, so hard copies of soil surveys
may no longer contain the most up-to-date information. Third-order soil surveys, which

(190-645-H, June 2022)
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are most commonly available for rangelands, are somewhat coarse and usually represent
associations or complexes of multiple soils. They may also include soil inclusions, which
may or may not be listed in the soil survey thereby making a precise correlation to an
ecological site cannot be made.

(5) Soil survey information can be accessed in the following ways:

e Web Soil Survey (https://websoilsurvey.sc.egov. usda.gov) provides interactive tools for
navigating to and delineating an area of interest. An area of interest, such as a management
unit, can also be imported to Web Soil Survey as a shapefile. Multiple management units
can also be attributed and imported into Web Soil Survey to give ecological site
inventory statistics by management unit. Note that Web Soil Survey has a maximum area
of interest resolution of 100,000 acres.

e Spatial and tabular soils data can be downloaded from Web Soil Survey, allowing these
data to be used with other spatial data sets with desktop geographic information system
applications, such as ArcGIS.

e If published soils data are not available for the area of interest, contact the local NRCS
office to see if unpublished information is available.

(6) Use soil survey information to identify ecological site correlations.

e Using Web Soil Survey, import or navigate to and select the area of interest. Soil map
units for the area of interest can now be viewed in the “Soil Map” tab (Pellant et al.
2020).

e There are multiple ways to view ecological site interpretations in Web Soil Survey
depending on the user’s needs. Perhaps the most efficient method to obtain ecological site
information correlated to map unit components is to go to the “Soil Data Explorer” tab in
the first tier and select the “Ecological Sites” tab in the second tier and then selecting
“View All Ecological Sites Info” (figures B-F-4, 5, and 6) (Reid 2021).

Figure B-F-4. Soils Data Explorer tab and second tier Ecological Sites tab (tabs in red) (Reid 2021).
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Figure B-F-5. View all Ecological Sites Info tab (Reid 2021).
Ecological Sites (2,
@
All Ecological Sites (2,

View All Ecological Sites InfDl @

View Options @

Dominant Ecological
Site Map

Ecological Sites by
Map Unit Component
Table

a

View All Ecological Sites Infol

Figure B-F-6. Summary of Ecological sites by map unit (Pellant et al. 2020).

Table — Ecological Sites by Map Unit Component —

Elmore County Area, Idaho, Parts of EiImore and Owyhee Counties

Elmore County Area, Idaho, Parts of Elmore and Owyhee Counties @
h"‘j‘;?nllj)gilt Map unit name Com(p;::::]:)ame Ecological site Acres in ADI Per;t(a)nlt of
47 Davey-Mazuma Davey (50%) RO11XY014ID — SANDY 15,941.8 0.6%
complex, 12 to 40 LOAM 8-12
percent slopes ARTRWS8/ACHY-HECOCS

Mazuma (30%) RO11XY002ID —
SALINE BOTTOM 8-12 -
Provisional

e Ecological site maps generated using Soil Data Viewer or Web Soil Survey will represent
the site correlated with the dominate soil(s) in each soil map unit, whereas the EDIT
interface provides a list of ecological sites associated with the major soil components and
their percentages for the map unit. The user must determine which other ecological sites
might occur based on the components of each soil map unit. The secondary major soil
components and inclusions may represent different ecological sites, which are identified
under the map unit component description in the soil survey (Pellant et al. 2020).

e Obtain the ecological site description(s). After compiling the list of expected ecological
sites to be found in the field, refer to EDIT (edit.jornada.nmsu.edu) to obtain ecological
site description reports. If the required ecological site description is not available online,
contact the state NRCS rangeland management specialist to see if a draft is available for
use. Examine copies of the relevant ecological sites and soil map unit and soil series
descriptions, in the field as they may help with interpretation of soil profile and matching
the discrete ecological site.

o In the evaluation area, compare the physiographic characteristics to the soil description in
the ecological site description (i.e., are the ranges in elevation, slope, aspect, etc., within
those described for the ecological site?). Use figure B-F-7 to help determine the
topographic position of the site evaluation area. The site evaluation area’s characteristics
should fit with the ecological site descriptions physiographic characteristics.

(190-645-H, June 2022)
645-B-F.5


file:///E:/National%20Range%20and%20Pasture%20Handbook%20Chapter%203%20Resource%20Concerns/B/edit.jornada.%20nmsu.edu

Title 190 — National Range and Pasture Handbook

Figure B-F-7. Generic landscape units (mountain/hill, alluvial fan, terrace, floodplain/basin, flat/low
rolling plain, playa, dunes) to describe topographic position (Herrick et al. 2017).

summit

Ishould(-?r

Hill of loose granular

material (sand), either

barren and capable of
backslope movement from place
to place, or stabilized by
vegetation but retaining

. Shap;/‘i\(\

Mountain/Hill Alluvial fan Terrace Flood plain/Basin Flat/Low rolling plain  iPlayat Dunes
100m
> 100 m ——F— 100mto 10 km —- 10 m to ~300 km -I—— 10 m to ~3 km —# >1km $§£|1(~-m->300m-¢
m

| | | | | |

Elevated area, Low, outspread Step-like surface Nearly level plain Extensive region of

nearly level, mass of loose bordering a valley or that borders a comparatively

usually with a materials and/or shoreline that represents stream and is smooth, level and/or

sink or rock material the former position of a subject to

depression. deposited by flood plain, lake, or sea inundation under

Summit area water, common shore. g00 stage

where water with gentle conditions.

collects. slopes shaped

Surrounded by no like an open fan.

visible outlet.

Surrounding

slopes generally
with steep sides.

o Be aware of the key characteristics that differentiate the potential ecological sites in the
area. For example, the soil map unit may represent a soil complex that alternates between
a shallow claypan with a restrictive layer at a given depth and a deeper loamy soil;
another example is a soil map unit that contains loamy and sandy soils that result in
different ecological sites. Knowing these likely soil differences will make the ecological
site identification process easier and more efficient.

¢ Dig a sufficient number of soil pits in the evaluation area to confirm that it is within a
single ecological site. If more than one ecological site occurs within the site evaluation
area, each site must be assessed separately.

e To complete the ecological site determination, compare the observations from the
evaluation area to those from the soil information source. If the soil characteristics
observed in the evaluation area have major differences from those described in the soil
information source, determine whether another information source, such as a different
ecological site description or soil component description, better matches the evaluation
area characteristics. In some instances, none of the soil components listed for the map
unit will match the soils found at an evaluation area within that map unit. In this situation,
it can be helpful to review soil descriptions from adjacent map units, or even adjacent soil
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survey areas, to identify the correct soil and correlated ecological site description (Pellant
et al. 2020).
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Appendix B-G. — Describing and Hand-Texturing Soils

Soil texture is perhaps the most important soil properties used in conservation planning. Soil texture
is an integral property related to hydrology, erosion dynamics, soil aggregate stability, intrinsic
organic matter levels and dynamics, plant adaptability, and production. Soil texture influences plant
growth by its effect on aeration, water intake rate, available water capacity, cation-exchange capacity,
saturated hydraulic conductivity, erodibility, and workability (NRCS NSSH).

Describing and texturing soils can be determined after digging a soil pit or hole at the beginning of
the soil determination process. By definition, soil texture is the relative proportion, by weight, of
particle size classes (sand, silt, and clay) less than 2 mm in equivalent diameter (NRCS NSSH). Soil
texture is directly related to parent material and the weathering processes of that material. Changes in
texture as related to depth are an indication of how a soil was formed (NRCS NSSH).

Soil texture class can be determined fairly easily in the field by rubbing moist soil between the fingers
(figure B-G-1). Good accuracy can be obtained from field estimates of soil texture if estimates are
periodically validated against laboratory results or reference samples (NRCS NSSH). Generally, soil
texture can be estimated by feeling the overall grittiness, which represents the sand particles, and
estimating the overall contribution of fine particles based on plasticity and stickiness, which
represents the silt and clay particles. There is no field quick mechanical-analysis procedure that is as
accurate as the fingers of an experienced specialist, especially if standard reference samples are
available and local conditions are considered (SSFLMM v2).

The basic soil textural classes, in order of increasing proportion of fine particles, are sand, loamy
sand, sandy loam, loam, silt loam, silt, sandy clay loam, clay loam, silty clay loam, sandy clay, silty
clay, and clay (figure B-G-2). The sand, loamy sand, and sandy loam classes may be further divided
by specifying “coarse,” “fine,” or “very fine” (figure B-G-3). One must be familiar with local soil
chemical and physical characteristics as certain soil properties can cause incorrect estimates of soil
texture if not considered (NRCS 2020). Field criteria used to estimate texture class should be adjusted
based on local conditions (NRCS SSM). In certain situations, the quantity of estimated clay may be
too high based on some overriding soil physical or chemical property. Therefore, clay content must be
adjusted lower than field estimates to provide an accurate estimation of texture class.

For example:

In some environments, clay aggregates are so strongly cemented together that they feel like fine sand
or silt, with cementing agents varying by location. In humid climates, iron oxide may be the
cementing agent, in desert climates, silica may be the cementing agent, and in arid regions, calcium
carbonate can be the cementing agent. In this case, field estimation of soil texture takes prolonged
rubbing in order to breakdown larger aggregates to reveal that soil separates are dominated by clays
and not silt loams. (Pellant et al. 2020; SSFLMM v2).

Soils with large amounts of silt and sand sized platy minerals such as mica, vermiculite, and shale can
make the texture seem finer than the texture determined in the laboratory (SSFLMM v2). The
presence of sticky, plastic clays such as smectite can make the soil seem to have higher clay content
than it does (SSFLMM v2).

Excessive salts can cause either overestimation or underestimation of clay. Large amounts of calcium
carbonate, gypsum, or other salts tend to cause problems in determining soil textures. Some salts
reduce the amount of stickiness and thus lead to an underestimation of clay and some salts like clay
sized calcium carbonate often result in an overestimation of clay content. Sodium salts tend to make
soil particles disperse and thus can lead to a higher estimate of clay content (SSFLMM v2).
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Clay content in soils with high organic matter can result in an underestimation in clay content due to
the organic matter lowering the plasticity and diluting the volume of mineral matter.

Some soils derived from granite contain grains that resemble mica but are softer. Rubbing breaks
down these grains and reveals they are dominated by clay particles. These grains resist dispersion,
causing field and laboratory determinations to disagree, unless proper precautions are taken
(SSFLMM v2).

Many soil conditions and components previously mentioned can cause inconsistencies between field
texture estimates and standard laboratory data. Cementing agents, sodium content, organic matter
content, calcium carbonate content, large clay crystals and/or mineral grains are possible causes.

The following figures can help with hand-texturing soils and describing soil structure, rock fragment
content, and effervescence.
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Figure B-G-1. Guide to Texture by Feel (adapted and modified from Thien 1979).
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Figure B-G-2. Soil Texture Modifiers (FBDSS v 3.0).
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Figure B-G-3. Summary of common soil descriptors: A. Effervescence classes used to describe the
entire soil matrix using 1 M HCL (Soil Science Division Staff 2017); B. Soil structure classes by size

and shape; C. Examples of soil structure types; D. Soil structure grades and descriptions; and E.
Particle size classes (Pellant et al. 2020).
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Part 645 — National Range and Pasture Handbook

Subpart C — Resource Concerns and Trends on non-Federal Grazing Lands:
National Resource Inventory (NRI) Analyses and Implications
for Conservation Planning

645.0301 Introduction

Identifying resource concerns on rangelands and pasturelands is vital to developing strategically
focused NRCS rangeland conservation programs. From an agency perspective, the rangeland NRI can
identify resource concerns at national, regional, and State levels. In addition, conservation planners
can identify and prioritize resource concerns at the farm and ranch.

Resource concerns, disturbances, interpreting indicators of rangeland health, similarity index
trends, and apparent rangeland trend summaries in this subpart are derived from the rangeland on-
site NRI study (2004-2018). Due to the current limited number of NRI pastureland points, this
subpart outlines only the resource concerns, disturbances, and rangeland trend measures on non-
Federal rangeland. As additional pastureland points become available and the data are analyzed,
we will update this subpart.

645.0302 Rangeland Resource Concerns

A. Rangeland Resource Concerns (on-site NRI study).

In analyzing resource concerns with the on-site NRI study (2004-2018), 20 resource concerns are
assessed in the field. The instructions in the handbook specify that the 20 concerns be determined
for the conservation management unit (CMU) (USDA-NRCS 2020). The CMU is equivalent to
the field (fenced or delineated by other means) where the NRI point resides. If no field boundary
exists, a distance of 1,000 feet is used as a boundary. Public roads, railroads, or obvious
ownership boundaries are not crossed within the 1,000-ft distance. Assessments of resource
concerns are made for current use and conditions at the time of the sample: N=no resource
concern and Y= specific resource concern exists. The resource concerns and definitions are given
in table C-1.

B. In figure C-1, the rangeland resource concerns are ranked from highest to lowest based on
disturbance=yes. Each NRI point has an acre weighting factor. The NRI point represents an area in
acres, and the weighting factors are used to calculate total acres in the following figures. Nine
resource concerns were identified as occurring on more than 10% of the total rangeland acres. The
number one concern based on acres was noxious and invasive plants identified on 59% of the NRI
points, representing 236 million acres. The second, third, and forth concerns were production health,
and vigor. Forage quality palatability concerns were present on 40% or greater of the total rangeland
acres. Although these data represent the entire NRI data set representing national conditions, data can
be reported upon request for specific States, regions, major land resource areas, and ecoregions.

(190-645-H, June 2022)
645-C.1



Title 190 — National Range and Pasture Handbook

Table C-1. NRCS Resource Concerns Definitions (USDA-NRCS 2020).

Natural | Resource Resource Problem Definition

Resource | Concern

Soil Erosion Sheet and Rill Detachment and transport of soil particles caused by rainfall
splash and runoff degrade soil quality.

Wind Detachment and transport of soil particles caused by wind
degrade soil quality and damages plants.

Classic Gully Deep, permanent channels caused by the convergence of surface
runoff degrade soil quality. They enlarge progressively by head-
cutting and lateral widening.

Streambank Accelerated loss of streambank soils restricts land and water use
and management.

Shoreline Soil is eroded along shorelines by wind and wave action,
causing physical damage to vegetation, limiting land use, or
creating a safety hazard.

Mass Movement Soil slippage, landslides, or slope failure, normally on hillsides,
result in large volumes of soil movement.

Condition | Organic Matter Soil organic matter has or will diminish to a level that degrades

Depletion soil quality.

Compaction Compressed soil particles and aggregates caused by grazing
and/or mechanical compaction. Compaction effects adversely
affect hydrology and soil moisture relationships.

Damage from Soil Sediment deposition damages or restricts land use/management

Deposition or adversely affects ecological processes.

Quantity | Excessive Runoff, Water from runoff, flooding, or ponding having an adverse

Flooding, or Ponding | effect on land use and management.

Reduced Storage of Sediment deposits in waterbodies reduce the desired volume

Water Bodies by capacity.

Sediment

Accumulation

Water Quantity | Insufficient Flows in | Water flows are not consistently available in sufficient

Water Courses quantities to support ecological processes and land use and
management.

Quality Excessive Nutrients Pollution from natural or human induced nutrients, such as N, P,
and Organics in and organics (Including animal and other wastes), degrades

Surface Water surface water quality.

Excessive Suspended | Pollution from mineral or organic particles degrades surface

Sediment and water quality.

Turbidity in Surface

Water

Plants Condition | Plant Not Adapted or | Plants are not adapted or suited to site conditions.

Suited

Productivity, Health Plants do not produce the yields, quality, and soil cover to

and Vigor protect the resource.

Noxious and Invasive | The site has noxious or invasive plants present.

Plants

Forage Quality and Plants do not have adequate nutritive value or palatability for

Palatability the intended use.

Wildfire Hazard The kinds and amounts of fuel loadings (plant biomass, dry
litter) pose a wildfire risk to human safety, structures, and land
resources.

Animals | Domestic | Inadequate Stock The quantity, quality, and distribution of drinking water are
Animals | Water insufficient to meet the production goals for the kinds and

classes of livestock.
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Figure C-1. (a) Rangeland resource needs data from on-site study (2004-2018). Resource concerns
are ranked from highest to lowest (N=no concern, Y=concern), based on approximately 10% of total
non-Federal acres. (b) Resource concerns are ranked from highest to lowest based on percent of total
non-Federal acres affected by concern, < 10%.

()
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645.0303 Resource Concern: Noxious and Invasive Plants

A. Since noxious and invasive plants were estimated on almost 60% of non-Federal rangeland acres,
figure C-2 shows the ranking of introduced species, introduced grasses, and shrubs and trees on
United States non-Federal rangeland. Plants in figures C-2a and b are all introduced species. Figure
C-2c shows the dominant 22 species of shrub and tree species, which are native plants, with an
estimate of > 5% of non-Federal rangeland acres. Although these 22 species are classified as native
plants, many can be invasive and can increase to undesirable levels.

B. The geographic spread and the number of invasive plant species have increased significantly over
the past 200 years as a result of human activities (di-Castri 1989). On rangelands, exotic annual grass
invasion has been especially dramatic and has transformed many native plant community types
throughout the United States (Mack 1981). This transformation has been rapid and ubiquitous; and
when annual grass dominance occurs, ecosystem function can be compromised (Vitousek et al.,
1997). On United States rangelands, non-native plants can negatively impact biotic integrity;
ecosystem stability, composition and structure, natural fire cycles, diversity; soil biota, vegetation
production, forage quality, wildlife habitat, soil physical properties, carbon balance, nutrient and
energy cycles, and hydrology and erosion dynamics (Chapin et al., 2000; Evans et al., 2001; Pierson
et al., 2002; Ehrenfeld 2003; Ogle et al., 2003, 2004; Brooks et al., 2004; Belnap et al., 2005; Hooper
et al., 2005; Sommer et al., 2007, Boxell and Drohan 2008; and Herrick et al., 2010).

C. Generally, native grasses and forbs are preferred species for livestock and wildlife over exotic
introduced species (DiTomaso 2000; Keane and Crawley 2002; and Smith et al., 2012). Invasive
exotic weedy species impact livestock production, grazing practices, and lower yield and quality of
forage. They increase costs for livestock management and production; diminish animal weight gains;
reduce meat, milk, wool, and hide quality; and can poison livestock (DiTomaso 2000).
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(1) Cheatgrass (Bromus tectorum) was the most frequently occurring invasive species and
occurred on 29% of the NRI sample points (63.8 million acres). Kentucky bluegrass (Poa
pratensis) (45.6 million acres) ranked second, and smooth bromegrass (Bromus inermis)
ranked third (24.3 million acres). These are commonly introduced perennial cool season
invasive sod-forming species in the northern Great Plains (Murphy and Grant 2005;
Travnicek et al., 2005; Toledo et al., 2014; DeKeyser et al., 2015) (figure C-2b). Specific
invasive species lists are available upon request for states, major land resource areas,
ecoregions, and ecological sites where sufficient samples are available.

(2) Native invasive plant species can also be problematic on rangelands and can affect the
rangeland ecosystem similarly to invasive exotic plant species (DiTomaso 2000).
Mismanagement, particularly overgrazing and suppression of fire, can set the stage for native
species encroachment above and beyond levels that are indicated in the ecological site
description. In addition, many native species invade rangelands and are not endemic to the
ecological site. Some of the most common invasive native species are cactus (Opuntia spp.),
honey mesquite (Prosopis glandulosa), broom snakeweed (Gutierrezia sarothrae), and
juniper (Juniperus spp.) (figures C-2¢ and d). Specific invasive species lists are available
upon request for states, major land resource areas, ecoregions, and ecological sites.
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Figure C-2. (a) Ranking of introduced non-native species (> 3% constancy of acres) on non-Federal
rangeland (USDA-NRCS rangeland NRI 2009-2018). Right and left Y axes show millions of acres
and percent constancy of NRI points and acres sampled, respectively. (b) Ranking of introduced
grasses on United States non-Federal rangeland (>2.0% constancy of acres) (NRI data 2009-2018).
(¢) Ranking of dominant shrub and tree species (> 5% constancy of acres). (d) Ranking of dominant
forb/herb and subshrub species (>8% constancy of acres). G=graminoid, FH=forb herb, S=shrub,
T=tree, V=vine, A=annual, B=biennial, P=perennial, N=native, [=introduced, and NI=possible
native/introduced. Constancy is the percentage of NRI points (acres) on which the plant species

occurred. A plant species occurring on all plots would have a 100-percent constancy.

(a)
Crogs Native/Intro
Symbol Sci Name Common Name Habit Duration
Class Status
BRTE G,A,l Bromus tectorum cheatgrass G A I
POPR G,P,NI Poa pratensis Kentucky bluegrass G P NI
TRDU FH,A,I Tragopogon dubius yellow salsify FH A 1
ACMI2 FH,P,NI Achillea millefolium common yarrow FH P NI
TAOF FH,P,NI Taraxacum officinale common dandelion FH P NI
SAKA FH,A,I Salsola kali Russian thistle FH A 1
BRIN2 G,P,NI Bromus inermis smooth brome G P NI
AGCR G,PI Agropyron cristatum crested wheatgrass G P I
MEOF FH,A,I Melilotus officinalis sweetclover FH A I
BRARS G,A,I Bromus arvensis field brome G A I
LEDE FH,A,NI Lepidium densiflorum common pepperweed FH A NI
CHAL7 FH,A,NI Chenopodium album lambsquarters FH A NI
LASE FH,A,I Lactuca serriola prickly lettuce FH A I
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IO Native/Intro
Symbol Sci Name Common Name Habit Duration Status
Class
SIAL2 FH,A,I Sisymbrium altissimum tall tumblemustard FH A I
ERCI6 FH,A,I Erodium cicutarium redstem stork's bill FH A I
COAR4 VP I Convolvulus arvensis field bindweed \ P I
MESA FH,A,I Medicago sativa alfalfa FH A I
SALSO FH,A,I Salsola Russian thistle FH A I
SATRI12 FH,AI Salsola tragus prickly Russian thistle FH A I
BRHO2 G,A,L Bromus hordeaceus soft brome G A 1
BOIS G,P,I Bothriochloa ischaemum | yellow bluestem G P I
(b)
Growth Native
Symbol Scientific Name Common Name Habit | Duration Status
Class Class
BRTE G,A,I Bromus tectorum cheatgrass G A I
POPR G,P NI Poa pratensis Kentucky bluegrass G P NI
BRIN2 G,P,NI Bromus inermis smooth brome G P NI
AGCR G,P,1 Agropyron cristatum crested wheatgrass G P I
BRARS5 G,A,l Bromus arvensis field brome G A I
BRHO2 G,A,I Bromus hordeaceus soft brome G A 1
BOIS G,P,1 Bothriochloa ischaemum yellow bluestem G P 1
POBU G,P,I Poa bulbosa bulbous bluegrass G P I
CYDA G,P,I Cynodon dactylon Bermudagrass G P I
TACAS8 G,A,l Taeniatherum caput- medusahead G A |
medusae
BRRU2 G,A,I Bromus rubens red brome G A 1
BRDI3 G,A,I Bromus diandrus ripgut brome G A I
BOLA2 G,P NI | Bothriochloa laguroides silver beardgrass G P NI
POCO G,P.1 Poa compressa Canada bluegrass G P 1
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(©)
Growth Native
Symbol Scientific Name Common Name Habit | Duration Status
Class Class
OPUNT S,P.N Opuntia pricklypear S P N
OPPO S,P.N Opuntia polyacantha plains pricklypear S P N
PRGL2 T,PN Prosopis glandulosa honey mesquite T P N
ERNA10 S,P,N | Ericameria nauseosa rubber rabbitbrush S P N
ARTRWS8 S,PN | Artemisia tridentata ssp. Wyoming big S P N
wyomingensis sagebrush
CHVI8 S,P.N Chrysothamnus viscidiflorus | yellow rabbitbrush S P N
ATCA2 S,P.N Atriplex canescens fourwing saltbush S P N
LATR2 S,P.N Larrea tridentata creosote bush S P N
ZIOBT,PN Ziziphus obtusifolia lotebush T P N
SYOC S,P,N Symphoricarpos western snowberry S P N
occidentalis
ACGRT,P,N Acacia greggii catclaw acacia T P N
MATR3 S,P,N | Mahonia trifoliolata algerita S P N
RHTR S,P,N Rhus trilobata skunkbush sumac S P N
ARTR2 S,P.N Artemisia tridentata big sagebrush S P N
OPFR S,P.N Opuntia fragilis brittle pricklypear S P N
ARTRV S,P.N | Artemisia tridentata ssp. mountain big S P N
vaseyana sagebrush
CYLES S,P,N Cylindropuntia leptocaulis Christmas cactus S P N
JUMO T,P,N Juniperus monosperma oneseed juniper T P N
JUVIT,P.N Juniperus virginiana eastern redcedar T P N
SAVE4 S,P.N Sarcobatus vermiculatus greasewood S P N
JUAS T,P,.N Juniperus ashei Ashe's juniper T P N
DITE3 T,P,N Diospyros texana Texas persimmon T P N
OPMA2 S,P.N Opuntia macrorhiza twistspine S P N
pricklypear
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Growth Native
Symbol Scientific Name Common Name Habit | Duration Status
Class Class
SYOR S,P.N Symphoricarpos orbiculatus | coralberry S P N
JUPIT,P.N Juniperus pinchotii Pinchot's juniper T P N
MIAC3 T,P.N Mimosa aculeaticarpa catclaw mimosa T P N
(d)
Growth Native
Symbol Scientific Name Common Name Habit Duration Status
Class Class
GUSA2 SS,P.N | Gutierrezia sarothrae broom snakeweed SS P N
AMPS FH, AN | Ambrosia psilostachya Cuman ragweed FH A N
SPCO SS,B,N Sphaeralcea coccinea scarlet globemallow SS B N
ARFR4 SS,P.N | Artemisia frigida prairie sagewort SS P N
TRDU FH,A,I Tragopogon dubius yellow salsify FH A I
ACMI2 FH,P,NI | Achillea millefolium common yarrow FH P NI
PLPA2 FH,AN | Plantago patagonica woolly plantain FH A N
ARLU SS,P.N Artemisia ludoviciana white sagebrush SS P N
RACO3 FH,P,N | Ratibida columnifera upright prairie FH P N
coneflower
CIUN FH,B,N Cirsium undulatum wavyleaf thistle FH B N
SYER FH,P.N Symphyotrichum ericoides | white heath aster FH P N
LIPU FH,PN Liatris punctata dotted blazing star FH P N
YUGL SS,P.N Yucca glauca soapweed yucca SS P N
GRSQ FH,AN Grindelia squarrosa curlycup gumweed FH A N
TAOF FH,P,NI Taraxacum officinale common dandelion FH P NI
PHHO FH,P,N Phlox hoodii spiny phlox FH P N
PSTES FH,P.N Psoralidium tenuiflorum slimflower scurfpea FH P N
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SAKA FH A1 Salsola kali Russian thistle FH A 1
ERIOG FH,P.N | Eriogonum buckwheat FH P N
SOEL SS,P.N Solanum elaeagnifolium silverleaf nightshade SS P N
HEVI4 SS,P,N Heterotheca villosa hairy false goldenaster SS P N
COCAS FH,AN | Conyza canadensis Canadian horseweed FH A N
MEOQOF FH A 1 Melilotus officinalis sweetclover FH A 1

645.0304 Rangeland Disturbance

A. Rangeland Disturbance Indicators (on-site NRI study).

(1

2)
)

During the evolution and development of rangeland ecological systems, various stresses,
perturbations, and disturbances are natural (Archer and Stokes 2000). In human-influenced
rangeland ecosystems, new disturbances and stressors are commonly introduced over time.
Their frequency, intensity, duration, and spatial extent are often more frequent compared to
the natural disturbance regime. Natural and anthropogenic disturbances co-occur, and the
interaction and impacts on hydrologic function, soil and site stability, and biotic integrity in
rangeland ecosystems are complex. Ecological site descriptions and state-and-transition
models can provide some information relative to ecological state trends and changes and site
resistance and resilience to disturbances. Anthropogenic activities can alter ecosystem
attributes where state changes may be irreversible; however, positive and rapid feedbacks
may also occur (Archer and Stokes 2000; Weltz and Spaeth 2012; Williams et al. 2016).
Altered ecosystems occur when natural and anthropogenic disturbances are of “sufficient
magnitude to affect ecosystem processes, causing long-term loss or displacement of native
community types and loss of productivity” (Bunting et al., 2002). Understanding the effects
of stressors and disturbances on specific rangeland ecological types can help conservationists
and resource managers to:
(i) identify critical thresholds of ecological state changes.
(i1) mitigate anthropogenic disturbances before undesirable and irreversible state changes
occur.
(i1i1)) improve the successful application of management actions, conservation practices, and
rehabilitation or restoration activities.
The on-site rangeland NRI study examines the field macro plot and conservation
management unit level (CMU) for 35 disturbance indicators (table C-2).
The NRI instructions specify identification of disturbances that are easily and readily
observed for the sample. One important note regarding the NRI is that the degree of
displacement or dislocation of the natural state—either from human induced, natural events, or
other occurrences—are not identified. However, the implication is that the disturbance factor
has intensified beyond what is expected for the natural or reference state. Degree of
displacement of the current plant community with the reference plant community as
described in ecological site descriptions is measured by the similarity index (see subpart E).
Rangeland health indicators and assessments can provide information about the degree of
departure from a reference state of the existing plant community (see subpart E). Similarity
indices and apparent rangeland trend can also be used to detect plant composition changes in
the current plant community compared to the historic plant community or designated
reference state (see below for respective discussions and data analysis).

B. NRI Definitions: Disturbance.

(1)

NRI defines disturbance indicators as follow: displacement or dislocation of the natural state
of a sample site resulting from human-induced, natural events, or other occurrences.
Thirty-five visually observable features are rated for the degree of disturbance evident within
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the 0.40-acre (150-foot diameter circular) sample area and the expanded conservation
management unit plot (CMU) (USDA-NRCS 2020). The CMU is considered equivalent to
the field where the NRI point resides (fenced or delineated by other means). If no field
boundary exists, use a distance of 1,000 feet as a boundary. Do not cross public roads,
railroads, or obvious ownership boundaries within the 1,000-ft distance.

(2) Identified disturbances on approximately 20% or greater of the NRI points sampled (figures
C-3a and b) included livestock grazing, livestock grazing heavy use, wildlife grazing, water,
livestock tanks, small rodents, non-rodent animals, and insects. Although these data are from
the entire NRI data set representing National conditions, data can be reported upon request
for specific States, major land resource areas, and ecoregions.

Table C-2. List of rangeland disturbance indicators used in on-site rangeland NRI (USDA-NRCS

2020).
Disturbance Indicators

1. Cultivation (plowing, disking, cultivator, etc.) 19. Roads/lanes (paved)
2. Mowing (clipping) 20. Drainage or field ditch
3. Hay removal 21. Underground Utilities
4. Heavy machinery (soil disturbance from) 22. Overhead transmission
5. Seedbed preparation (tillage implements, drill) 23. Construction activities fence, pipeline, terraces etc.)
6. Livestock tanks, spring development 24. Water, flooding/ponding
7. Livestock heavy use area 25. Soil Deposition-water
8. Livestock grazing 26. Soil Deposition-wind
9. Insects 27. Water erosion
10. Rodents 28. Wind erosion
11. Non-rodent animals 29. Transported fill material
12. Wildlife grazing impacts 30. Wildfire
13. Mining/Energy/equip. and operations 31. Prescribed Fire
14. Recreation (trails, foot traffic) 32. Fire Fighting (machinery, clearing)
15. Recreation (vehicles, bikes) 33. Brush control (chemical)
16. Livestock walkway, trailing 34. Brush control (mechanical)
17. Roads/Lanes (dirt) 35. Brush mgt. biological treatment
18. Roads/lanes (gravel)
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Figure C-3. (a) Rangeland disturbance data from on-site study (2004—-2018). Resource concern,
Y=yes), constancy of occurrence and total non-Federal acres. (b) Continuation of disturbance
concerns. Disturbance is defined as displacement or dislocation of the natural state of a sample site
resulting from human induced, natural events, or other occurrences.

()

(b)
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645.0305 Rangeland Assessment Measures (NRI Data)

A. The science of assessing rangelands has evolved over time (Briske et al., 2005). Specific models
(qualitative) and indices (quantitative) are available to examine different environmental aspects of
plant communities. The USDA-NRCS uses several assessment methods which address different
aspects of rangeland conditions and health. These methods include similarity index, apparent
rangeland trend, and interpreting indicators of rangeland health for assessing rangeland. Similarity is
a quantitative measure based on comparisons of plant species composition (actual production,
reconstructed production, cover, density, see subpart E). Apparent trend can be determined
qualitatively as well as measured (see subpart E). Interpreting indicators of rangeland health can be
assessed qualitatively (exception of soil surface resistance to erosion (Herrick et al. 2001). Indicators
are visually assessed according to the reference sheet and departure determined from the matrix
defining none to slight to extreme to total departure. Qualitative assessment provides a rapid
observation of multiple factors related to each indicator within the evaluation area. Qualitative
assessments are often supported by quantitative assessment methods (see Pellant et al. 2020, Section
6).

B. Similarity Index

(1) The use of similarity indices in plant ecology has been used since the early 1900s (Grieg-
Smith 1964; Pielou 1969; Mueller and Ellenberg 1974; Egghe 2010; Chiclana et al., 2013).
Similarity indices are used to quantitatively measure the degree to which species composition
between quadrats, releves, stands of vegetation, communities, or sites are alike, or conversely
different (see subpart E). The similarity index is used by the NRCS to assess current plant
species composition with a reference community. The reference state is typically the historic
plant community (HPC) as described in the ecological site description. However, another
community state may be used or developed if the historic plant community is not documented
or does not realistically exist due to long-term land use changes. Similarity indices can also
be used to compare plant community composition between individual ecological sites to
establish species similarities or differences. One strong point regarding the use of similarity
index calculations from historic plant community composition is that the methodology is a
quantitative measure of composition and status of native plants. The importance of
quantifying native plants on rangelands is becoming increasingly important because of
changing rangeland conditions. Degraded rangeland conditions have been implicated and
correlated with declines of certain wildlife species, including a number of insects (many are
pollinating species) and bird species. In contrast, stable or restored rangelands display upward
plant community trends which support a variety of wildlife species (Monsen et al. 2004).

(2) Similarity indices are mathematical comparisons, based on the presence or absence of a
species in a stand or specific plant composition (foliar cover, production, density, frequency
of individual species). The USDA-NRCS typically uses similarity index to compare the
present state of the vegetation on an ecological site (composition by dry weight) with the
historic plant community or designated reference plant community for the site. Subpart E of
this handbook details various methods for calculating similarity index. One important note
needs to be emphasized with respect to similarity indices: they are a means to mathematically
compare current specific species presence or absence, or individual species composition, with
a reference plant community.

(i) Using similarity indices to establish overall rangeland condition is an inappropriate use.
For example, if the similarity index of the current stand composition based on
reconstructed production in relation to the ecological site composition by weight is 35%,
compared to the historic plant community (e.g., reference state 1A), the interpretation is
that the current stand composition of native plants is 35% similar to what would be
expected from the reference state. Note that this is a measure of native plant composition
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because rangeland ecological site descriptions list dry weight production values and/or
foliar cover for native plants. Invasive or other exotic plant species may be discussed in
the ESD, but allowable production values are zero in the similarity index calculation.

(i1) Using similarity indices to make inferences about soil health, soils and site stability,

hydrology, or other health assessments is inappropriate. Some of these environmental
factors may be correlated with increasing or decreasing similarity index measures, but
other assessment tools such as [IRH can evaluate overall environmental aspects of the
plant community in a more direct manner.

(3) In figure C-4, similarity was grouped into four categories: 0-25%, 25-50%, 50-75%, and

75—

100%. The group, SI 0-25%, accounted for 49% of the total acres of non-Federal

rangeland; SI 26-50%, 36%; S1 51-75%, 12%; and SI 76—100%, 2.3%. During the 1960s—
1980s, percent similarity was associated with assessing rangeland conditions, and the
respective SI classes were ranked poor, fair, good, and excellent condition (USDA-NRCS
1976).

(i) Similarity index is no longer used as a singular factor in evaluating rangeland condition

(i)

because rangeland ecologists recognize that many environmental factors are relevant to
the concept of rangeland health (Pellant et al., 2020). However, native plant composition
is a very important consideration because native biodiversity is an important ecological
concern (West 1993). Similarity indices are relevant because the measure does
specifically represent, in mathematical terms, the percent similarity or dissimilarity of
native plants of an existing stand of vegetation, compared with HPC or a defined
reference condition. Obtaining information about native plants on rangeland sites during
the planning and monitoring process with landowners is extremely important. The
similarity index focuses on composition changes in the context of the historic plant
community or designated reference state.

The use of similarity indices in conservation planning has decreased since the rangeland
health model (Interpreting Indicators of Rangeland Health Pellant et al., 2020) has been
introduced. However, it has become increasingly important to monitor native species on
rangeland because they are, on the whole, more desirable by livestock and wildlife
(DiTomaso 2000; Keane and Crawley 2002; and Smith et al., 2012). Conceptually,
Interpreting Indicators of Rangeland Health focuses on plant structural functional groups;
whereas, similarity index is specific to native plant species from the respective ecological
site description. Note that introduced grasses and legumes on pastureland are a separate
issue because they are the mainstay of forage in those land uses. Many native forbs
comprise the majority of beneficial nectar sources for native butterflies (namely the
monarch), and bees are native species (USDA-NRCS 2016; Agrawal 2017).
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Figure C-4. Summary of similarity index on non-Federal rangeland. USDA-NRCS National
Resource Inventory Data 2004—2018. Constancy is the percent of NRI points. Acres (M) are also
shown for the respective similarity index classes.

C. Rangeland Health

(1

2

In 1994, the National Research Council discussed the concept of rangeland health as an
alternative to range condition (NRC 1994). Since then, several versions of Interpreting
Indicators of Rangeland Health (IIRH) have been published (Pellant et al., 2020). Both the
determination of similarity, apparent trend, and IIRH are valuable in defining the status of
rangeland from two perspectives. Determining similarity indices and apparent trend in NRCS
are based on native plant composition listed in the ecological site description; whereas, IIRH
focuses on functional plant groups as a whole. However, specific native dominant species can
be stated in the IIRH plant functional group worksheet. These species then become the basis
for the assessment for this indicator. IIRH is a qualitative approach that can be augmented
with quantitative data and is designed to assess soil and site stability, hydrologic function,
and biotic integrity (See Subpart E of this handbook for more details). The challenge is to
translate rangeland health assessments into terms land managers and the public can
comprehend and use.

The IIRH assessment provides information about how ecological processes, such as the water
cycle, energy flow, and nutrient cycle, are functioning, relative to the ecological site.
“Rangeland health is the degree to which the integrity of the soil, vegetation, water, and air,
as well as the ecological processes of the rangeland ecosystem, are balanced and sustained.
Integrity is defined as the maintenance of the functional attributes characteristic of a local,
including normal variability” (Pyke et al., 2002).

(190-645-H, June 2022)
645-C.15



Title 190 — National Range and Pasture Handbook

The evaluation process in the field uses 17 indicators, as shown in table C-3, to assess

three ecosystem attributes at each NRI sample point (soil and site stability, hydrologic

function, and biotic integrity). Pellant et al., 2020 defines the three assessments as follow:

e “Soil/site stability: the capacity of an area to limit redistribution and loss of soil
resources (including nutrients and organic matter) by wind and water and to recover
this capacity when a reduction does occur.

e Hydrologic function: the capacity of an area to capture, store, and safely release
water from rainfall, run-on, and snowmelt (where relevant), to resist a reduction in
this capacity, and to recover this capacity when a reduction does occur.

o Biotic integrity: the capacity of the biotic community to support ecological processes
within the natural range of variability expected for the site, to resist a loss in the
capacity to support these processes, and to recover this capacity when losses do
occur. The biotic community includes plants (vascular and nonvascular), animals,
insects, and microorganisms occurring both above and below ground.”

Table C-3. Rangeland health indicators used to assess three ecosystem attributes: soil and site
stability (SSS), hydrologic function (HF), and biotic integrity (BI).

Rangeland Health Indicators Applicable

Ecosystem
Attributes

1. Rills SSS, HF

2. Water-flow patterns SSS, HF

3. Pedestals and/or terracettes SSS, HF

4. Bare ground SSS, HF

5. Gullies SSS, HF

6. Wind-scoured and/or deposition areas SSS

7. Litter movement (wind or water) SSS

8. Soil surface resistance to erosion SSS, HF, BI

9. Soil surface loss and degradation SSS, HF, BI

10. Effects of plant community composition and distribution on infiltration HF

11. Compaction layer SSS, HF, BI

12. Functional/structural groups BI

13. Dead or dying plants or plant parts BI

14. Litter cover and depth HF, BI

15. Annual production BI

16. Invasive plants BI

17. Vigor with an emphasis on reproductive capability of perennial plants BI

)

A reference sheet is developed for each Ecological Site by experts with knowledge of soil,
hydrology, and plant relationships to facilitate consistent application by integrating all
available sources of data and knowledge for each of the 17 Range Health indicators (Pyke et
al., 2002). The range of expected conditions is based on the natural variation within the
historic plant community. The 17 indicators are evaluated on degree of departure (none-to-
slight, slight-to-moderate, moderate, moderate-to-extreme, and extreme-to-total) from the
expected levels in the ecological site description (Pellant et al., 2020). The three rangeland
health attributes (soil and site stability, hydrologic function, and biotic integrity) are
summarized from the preponderance of evidence from the 17 indicators.
Interpreting indicators of rangeland health does not produce an overall condition or
numeric score for a site and should be used in association with other quantitative
monitoring approaches (Herrick et al 2005). The IIRH protocol is intended to
communicate ecological concepts to the public and landowners, help identify possible
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land monitoring areas for more comprehensive conservation programs and provide “early
warnings” of potential problems.

(4) Figure C-5 provides a summary of rangeland health determinations. Degrees of departure are
shown for biotic integrity, soil and site stability, and hydrologic function. None to slight
departure from reference for biotic integrity was determined on 55.2% of the NRI points,
comprising 194 million acres; none to slight on 74.8% of sampled NRI points (266.2 million
acres); and none to slight on 70.2% of NRI points (246.5 million acres). Correspondingly, the
moderate of worse ratings for biotic integrity was 16.6% of NRI points (77.4 million acres);
moderate or worse rating for soil and surface stability was 7.4% (38.4 acres); and moderate or
worse rating for hydrologic function was 9.5% (49 million acres).

D. Apparent Trend

(1) Apparent trend is an assessment of the perceived direction of successional status of a plant
community occurring over time in relation to an ecological site reference state (typically
historic plant community) or another identified plant community state. Apparent trend
encompasses seedling and young plant abundance; perceived changes in plant composition,
plant litter, plant vigor, and condition; and status of the soil surface (erosion) in determining
if the site is appearing to move toward or away from the desired plant community. Apparent
trend is typically a subjective assessment; however various aspects of trend can be
quantitatively measured, such as production or cover composition by species-similarity
index). These quantitative measures give an indication of trend, but the dynamics of the
drivers of successional status or change are not implied. This is the challenge of rangeland
specialists and ecologists, evaluating plant communities from a multivariate perspective.
What are the effects of current climate, soil health, disturbances (anthropogenic and natural),
plant composition) coupled with past and current management? Apparent trend is a point in
time determination of the direction of potential or projected change. The categories of
apparent trend in the National Range and Pasture Handbook and the rangeland NRI are:
“toward” — toward historic plant community (HPC), “notapp” — trend not apparent , “away” —
away from HPC, and “NA” — annual rangeland/no ESD. Changes in apparent trend indicators
can assist managers in determining the potential direction of change in the plant community.
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Figure C-5. Summary of rangeland health assessments on non-Federal rangeland. USDA-NRCS
National Resource Inventory Data, 2004—2018. Constancy is the percent of NRI points. Acres (M) are
also shown for the respective rangeland health assessments. BI=Biotic Integrity; SSS-Soil and Site
Stability; and HF=Hydrologic Function. N—S=none to slight departure from reference conditions; S—
Ms=slight to moderate departure; M=moderate departure; M—E=moderate to extreme departure; and
E-T=extreme to total departure.
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(2) Determining apparent trend is an important part of the rangeland resource inventory process
during conservation planning. It is significant when planning the use, management, and

treatment needed to maintain or improve the resource. Existing and projected trend should be
considered when making adjustments in grazing management. Apparent trend is only

applicable on rangelands that have ecological site descriptions identifying the reference
historic plant community state and phases.
In figure C-6, on non-Federal rangeland, 2.3% of the NRI points sampled were identified as

not applicable (either no ecological site of annual grassland), 43.9% of the points were
classified as away from historic plant community, 39.2% not apparent trend, and 14.5%
toward historic plant community.
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Figure C-6. Apparent trend (USDA-NRI 2004-2018). NA=not applicable; Away=moving away
from the historic plant community; Not apparent=no change detectable; Toward=moving towards the
historic plant community.
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Part 645 — National Range and Pasture Handbook
Subpart D — Conservation Planning on Grazing Lands
645.0401 General

A. NRCS utilizes multiple documents to guide conservation planning on agricultural lands. Each
document listed here provides specific NRCS guidance for different aspects of planning, policy,
methods, and procedures when working on grazing land.

B. General Manual Title 180, Part 409, “Conservation Planning Policy” establishes NRCS policy for
providing conservation planning assistance to clients.

C. The NRCS National Planning Procedures Handbook, Title 180, Part 600 (180-NPPH-600)
provides guidance on the planning process used by NRCS and many of its partners for developing,
implementing, and evaluating individual conservation plans and areawide conservation plans and
details the nine steps of conservation planning.

D. The NRCS National Range and Pasture Manual (NRPM) supplements NPPH Title 180, Part 600
to provide additional guidance on rangeland, grazed forestland, pastureland, hayland, and grazed
cropland conservation planning.

E. The National Range and Pasture Handbook (NRPH) provides NRCS information and processes
for assisting ag producers, organizations, other government agencies and groups in planning and
applying conservation planning, specifically on grazing lands. The NRPH provides information on
the use of ecological site descriptions (ESD), resource concerns, planning, inventorying, assessment
and monitoring methods, adaptive management, livestock nutrition, practices, and other topics to help
build conservation plans.

(1) In cases where the “grazed” land use modifier is used, the conservation plan will include
Prescribed Grazing (528) as a primary practice for those Planned Land Units (PLUs) or
Common Land Units (CLUs).

(2) The NRPH also provides the technical guidance for developing state specific resource
information for inclusion in the Field Office Technical Guide (FOTG) to support planning on
grazing lands.

F. General Manual Title 450, Part 401, “Technical Guides” establishes NRCS FOTG policy. The
FOTG contains the technical information needed to assist clients in the development and application
of conservation plans. It contains general resource information about the field office area, soil and
ecological site information, planning criteria, guidance documents depicting the resource
management planning thought process, practice standards and implementation requirements for all
practices applicable to the local field office area, and examples of the conservation effects decision
making process.

645.0402 Purpose

A. The objectives of conservation planning on grazing lands are to assist clients in:

(1) Understanding the basic ecological principles associated with managing their land, including
soil, water, air, plant, animal, and energy resources.

(2) Developing an awareness of their socio-economic role in the complex ecosystem and how
their management decisions influence the ecological changes that occur.
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(3) Comprehending the importance of protecting the environment and maintaining options for
future use of the resources.

(4) Developing a plan that meets the needs of the soil, water, air, plant, animal, and energy
resources and addresses their management goals and objectives.

B. Conservation plans for grazing lands include decisions for managing key resources and ensuring
that they are functioning at a sustainable level. Soil, water, air, plant, animal, and energy resources are
intricately related and linked to each other and respond as a system. On grazing lands, the plant
community directly affects soil, water, air, animal, and energy resources. While animals are one of
the primary ecosystem resources, they can also be utilized as management tools for vegetation
manipulation. Plant community management impacts soil health, water quality and quantity, and air
quality. Grazing is a low energy input form of agriculture. Therefore, proper use of grazing and
browsing animals in managing vegetation is a basic requirement for achieving the desired results of
an ecologically sustainable grazing lands conservation plan.

C. Well-managed grazing lands, along with the carbon sink they provide, the clean water and air they
support, the recreation opportunities they offer, and the plants, livestock, and wildlife they sustain,
make a major contribution to the natural beauty of the landscape and to the maintenance of an
ecological and economical sound environment. NRCS assists clients to manage their grazing lands to
meet their objectives and, at the same time, meet the needs of the soil, water, air, plant, and animal
resources. This plan, when coupled with any necessary facilitating and accelerating practices, should
meet the planning criteria for resources established in the local FOTG and the objectives of the client.
When properly implemented, conservation plans for ranches, dairies, and other livestock farms
benefit the client, the local community, and the Nation.

645.0403 Developing Conservation Plans

NRCS conservation planning policy is detailed in 180-GM-409. Conservation Planning procedures
are detailed in Title 180, National Planning Procedures Handbook, Part 600.

645.0404 Areawide Conservation Planning

A. Conservation plans are typically developed for an individual client. This client has the authority to
make decisions on their property that address their resource problems and achieve their desired
objectives. However, clients cannot always solve resource problems or meet the objectives of
management on their own. There are times when the resource concerns are larger than their individual
operating unit and potentially require working with their neighbors. Working together to develop a
conservation plan that will solve their resource problems as a larger group, as well as taking
advantage of possible socioeconomic opportunities can be included in a Coordinated Resource
Management Plan or in a Watershed Management Plan or an Areawide Conservation Plan.

B. Listed below are some ways neighbors can work together to solve resource management problems
and meet their socioeconomic and ecological objectives:

(1) Developing a common wildlife management and recreational hunting enterprise.

(2) Cooperating to solve water quality problems in a stream or lake.

(3) Cooperatively managing a riparian area that transverses their lands.

(4) Collaborate to manage a stream as a fishery and recreational fishing enterprise.

(5) Developing a hiking, trail riding, canoeing, bird-watching, or similar enterprise that requires
cooperation of all the landowners.

(6) Improving soil health and carbon storage on those suitable soil types that may cross property
boundaries.
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(7) Developing a livestock grazing management plan across different ownerships to ensure
sustainable plant health and productivity.
(8) Forming a prescribed burn association.

D. In many instances, landowners not only need to work together, but they also need to consider
working with outside stakeholders that may include public land managers, resource management
agencies, cities, soil and water conservation districts, counties, parishes, and various organizations.
These groups may have a genuine interest in the conservation plan activities that may be occurring on
the local area private lands due to the potential for offsite impacts. In these instances, an areawide
plan can be considered for development in order to coordinate the activities of all concerned.

E. The National Planning Procedures Handbook (Title 180, Part 600) has a subpart on areawide
planning (Subpart F).

645.0405 Conservation Planning Process — Preplanning

A. Typically, when a client contacts NRCS requesting assistance, they have identified an issue they
perceive to be a problem and want to solve it. There may be times when the problem they have
identified is only a symptom caused by another as-yet unidentified problem or may be a result of a
cause they did not understand to be connected.

An example of this might be a client who has recognized streambank erosion occurring,
impacting springs and seeps, and decreasing overall forage production. These are definite issues;
however, it may be that both are symptoms of repeated grazing and poor grazing distribution.
Through continued grazing pressure, the plants in the pasture, particularly along the stream or
near a seep/spring, have begun showing signs of reduced vigor and increased mortality. Over
time, plants with reduced forage values have invaded into the open spaces left vacant by plants
that have died. This created more open ground and a change in composition that has decreased
water infiltration, increased runoff, increased erosion, increased sediment yield to the stream,
impacted water quality, decreased water quantity in a seep/spring, reduced forage production and
quality, reduced food and cover for wildlife, and continued reduction in forage for livestock
production. Therefore, the problem was not what the client originally thought, and instead, the
lack of Managed Grazing (528) resulted in the problems the client observed.

B. To determine if the problems identified by the client are the problem or a symptom of a larger or
different problem, talking to the client and asking questions are key. Preplanning should always
involve talking to the client, both about the planning process as well as the concerns they are seeing
on their operations with their natural resources. Describing the planning process, ensuring goals and
objectives remain forefront, understanding steps required in completing the process, identifying
expected benefits, and explaining the roles and responsibilities of the client and NRCS are crucial in a
successful plan.

C. Part of the preplanning process is preparation for a visit to the site. Gathering background
information on the area should be a key part of the process. Information that may be required and
should be considered include:

(1) Maps (aerial, topographic) for taking notes in the field, including location of infrastructure
(fences and water sources, etc.)
(i) Property boundaries of the ranch
(i1)) Land ownership (public land grazing allotments)
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(iii) Prepare for inventory work by stratifying the ranch by Planning Land Units (PLU)',
ecological sites, and differing plant communities (using aerial photography and/or remote
sensing products.) This will be verified, corrected and refined during the field visit(s).

(2) Soils information (maps, map unit descriptions, and interpretations).

(3) ESDs, pasture and hay land interpretations.

(4) Existing vegetation maps (for example, Rangeland Analysis Platform) to field verify, guide
inventory efforts, and assist with extrapolation of evaluation tools.

(5) Wildlife habitat evaluation guides.

(6) Grazing lands resource evaluation tools (Similarity Index, Apparent Trend, Rangeland Health
Reference Sheets and matrices, Pasture Condition Score, Determining Indicators of
Pastureland Health, and forage and livestock inventory).

(7) Equipment, such as forage clipping equipment, sharpshooter spade, knife, GPS, camera; other
equipment needed for collecting data, like measuring tapes, pasture sticks, soil stability kit,
soil web app, or other pertinent apps.

(8) Other informational material used to demonstrate techniques and principles to land managers.

D. Another essential part of the pre-planning process should include anticipating the knowledge you
will need during conversations with the client and while on site visits. This can make time in the field
and time spent with the client more efficient and successful. Some ways to prepare might include:

(1) Be knowledgeable about the basic ecological principles of pastureland, hayland, rangeland,
grazable forestland, and naturalized pasture in your work area and be prepared to discuss
them in a manner that land managers can understand.

(2) Be able to interpret maps, determine range similarity index, apparent trend, pasture condition
score, indicators of rangeland health, indicators of pasture health, wildlife habitat evaluations,
forage and animal inventories.

(3) Understand principal livestock husbandry practices applicable to the area.

(4) Understand the agency planning criteria for soil, water, air, plants, animals, and energy.

(5) Be knowledgeable of evaluation and monitoring protocols to determine effectiveness of
conservation practices implemented.

(6) Understand and be proficient in the nine steps of conservation planning.

(7) Identify the principal client or clients that will participate in the planning process and their
respective roles. Update client information. Determine who has decision making authority for
the planning area.

E. Lastly, it is important during the preplanning process to make firm dates with the clients and
discuss the purpose of the appointment. Ensure that they understand the time requirements needed to
complete the visit and always arrive at the agreed upon time, prepared with everything necessary for
the day’s work.

645.0406 The Nine Steps of Conservation Planning on Grazing Lands (range,
pasture, and all hayed or grazed land uses.)

A. Phase I: Collection and Analysis. Includes the first four steps of the conservation planning
process, which are: identify problem(s), determine objectives, inventory resources, and analyze
resource data. These four steps are interactive, usually occurring at the same time and not necessarily
in the order shown in NPPH. Table D-1 shows the NRCS nine-step conservation planning process.

' PLU is the term used in CD and the NPPH. This is agency jargon and would not typically be used when
communicating with landowners. A variety of terms such as field, pasture, or paddock are typically used in common
parlance.
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B. Phase II: Decision Support. Includes the formulation and evaluation of alternatives and making
decisions on which to make the resulting plan. Phase II of the planning process begins with
development of alternative strategies to address the identified problems.

C. Phase III: Application and Evaluation. Includes Implementation and Evaluation of the plan.

Table D-1.

NRCS Conservation Planning Process Steps

Analytical Phases Conservation Planning Steps

Phase I: Collection and Analysis

(1) Identify problems and opportunities

(2) Determine objectives

(3) Inventory resources

(4) Analyze resource data

(5) Formulate alternatives

Phase II: Decision Support (6) Evaluate alternatives

(7) Make decisions

Phase III: Application and Evaluation

(8) Implement the plan

(9) Evaluate the plan

(1) Identify Problems and Opportunities
(i) Clients generally request NRCS to assist them with particular problems they have

(i)

identified. If they do not understand the basic ecological principles, they may have
recognized a symptom as a problem and not recognized the cause of the symptom. In
reality, the cause is the real problem needing treatment. There is a logical sequence of
phases that should be followed to ensure that the appropriate problems will be addressed
and not just symptoms of a problem as discussed earlier in this subpart. These steps may
occur concurrently, or in any order, and may need to be repeated during the planning
process.
One cardinal rule in working with landowners: Never ask a question to which they might
give the wrong answer. If they give the wrong answer, we are faced with telling them
they are wrong—and this isn’t good communication (USDA-NRCS, 1969). Talking with
the client and asking important questions related to their operation and concerns will
provide a good understanding of baseline grazing management and the goals and
objectives they have for their property. Some good questions to ask might include:
e What does the client want from the property (forage production, wildlife habitat,
recreation, open space, water quality, etc.)? Specifically:
— Animal performance (gain, milk, breeding success, etc.)
Herd size (desire to change or maintain?)
Longer grazing season (reduce feed, supplements, etc.)
Marketing preferences (grass fed, organic, etc.)
— Environmental benefits (wildlife, pollinators, water quality, etc.)
o  What type of livestock enterprise(s) do they have (Cow/calf, stockers, purebred,
leased or “custom” grazing, specialty livestock, etc.)?
e What values do they see as important in managing their land?
e What do they want to see continue, and what areas do they see are needing
improvement?
e  What problems are they having with their operation?
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What problems are they having with their natural resources?

Are there areas of the property they cannot use? If so, why?

What are the current management practices (prescribed fire, rotational grazing, etc.)?
How many herds are there?

What is the current (benchmark) stocking rate and grazing cycle for each pasture?
Specifically:

—  When is it grazed (dates in and out)

— Herd size

— Typical residual (stubble height or percent utilization)

How does the client determine when to move the animals?

What are the needs of the individual herds (special separation needs, nutritional
needs, fencing needs, pasture or range condition needs, etc.)?

What is the history of the area?

Are they familiar with techniques and methods in evaluating and monitoring
management practices? (body condition scoring, utilization measurements, etc.)

(i) While conducting the inventory, make sure to include the client. Let them participate in
the inventory process and explain why each step is necessary. Use the opportunity to
discuss other key information about the ecological principles of the area and their
landscape, as well as grazing land principles. Some of the essential things that may be
important for the client to know and understand include the following, which broadly fit
into categories such as soil stability, water infiltration, and plant health and vigor:

Ability to identify plants on their land

Concepts of plant ecology and physiology (how plants grow)

What plant vigor means and why it matters

Effects of season (timing), duration (time), frequency and intensity of grazing use,
frequency of or lack of fire, and other management decisions on the existing or
planned reference plant communities or the pastureland plant communities

Plant competition and how it applies to their land (how plants compete with each
other)

Ecological site concepts for their land (explain the soil-plant relationship)
Interpreting the results of assessment tools used (i.e., Rangeland Health, Pasture
Condition Scoresheet, Similarity Index, etc.)

Differences between the use of assessments tools and monitoring tools in evaluating
landscapes and management practices

How adaptive management decision making is used in conjunction with monitoring
to effectively evaluate conservation practices and determine if a management action
or conservation practice needs to be adjusted to meet plan objectives

What forest ecological and management principles are and how they impact
understory reactions and how it relates to grazing management

The variety of land uses or plant communities that could exist on their land
(interpreting the state-and-transition model in the ESD)

Concept of multiple use opportunities on grazing lands

Concepts of soil erosion, condition, and contamination

Concept of waste management on grazing lands

Concept of targeted or managed grazing as a tool for protecting or improving water
quality and water yield

Principles of water use by plants and effect of grazing management with impacts

How grazing management can protect or improve air quality (odors or wind-blown
dust)
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o The food, water, and shelter requirements of domestic animals
o The food, water, and cover requirements of wildlife

(iv) Building an understanding of these basic principles with the clients is essential to a

quality conservation plan on grazing lands. Without some knowledge related to these
topics, it will be difficult for the client to continue the required inventories, analyze their
resources, recognize their problems and their causes, develop proper and obtainable
objectives, formulate and evaluate treatment alternatives, plan a course of action,
implement the plan, continue to evaluate and monitor their results and make adjustments
or changes in management as needed.

(2) Determine the Client’s Objectives
(1) Itisthe NRCS’s role to help landowners and managers begin to understand and recognize

(i)

(ii)

the underlying problems, not just symptoms of the problem. If the current grazing
management is the problem, the NRCS conservationist should not tell the producer that
the problem is inappropriate grazing management. Instead, the conservationist must lead
them through discussions to recognize that the type of grazing management may be
leading to the resource concerns they are experiencing. This can be accomplished by
helping them understand ecosystems and how systems function together. The process of
recognizing the problem continues throughout Phase I and into Phase II of planning as
monitoring data become available and are analyzed.
Prepare to listen. The most important element for working with landowners is to listen to
them and be able to determine their goals, motivations, abilities, potential, desire,
dedication, and their financial capability. They will usually not come right out and tell
you these things directly and you will probably not want to come right out and ask, but
your success in working with them will depend on your ability to discern these things
(Nelle and Mills, 2011).
Objectives should be established by the client after ensuring there is an adequate
understanding of their grazing lands ecosystem, after collecting inventory data, and after
determining the cause of the resource concern to be addressed. It is often best to suggest
that the objectives not be set until after this set of information has been evaluated and
accomplished. It can sometimes be difficult to change a person’s mind once they have
made a firm commitment to a certain objective. Spend the necessary time assisting them
through discussions and inventory of their grazing lands resources in order to identify the
problems before they express their objectives.

Objectives should be defined as specific steps to reach a particular goal, including

specifics on what is planned, where, and when.

(iii) Once the client understands the ecological principles of their grazing lands, they will

generally ask some follow up questions. For example:

“Is my land in good or poor condition?”

“Is the condition of my land changing? Is it getting better or worse?”

“How does my land compare to its potential?”’

“What kind of evaluation and monitoring tools are available to me to assess if my
objectives are being met?”

(iv) At this point the client is beginning to understand the dynamics of the grazing lands

ecology and how their land is a part of that ecosystem and how they can effectively and
efficiently evaluate their objectives through monitoring activities.
Evaluation of progress towards objectives is critical to the success of the
management plan. Integral to this is a monitoring plan that is clearly understood and
do-able by the client.
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(3) Inventory the Resources
(1) The process for resource inventory includes collecting data from the current condition of

(i)

the natural resources found in the planning area. Some key observations should be made
during the first field visit. Ideally, the landowner would come along during the first visit
to the field. A drive-through reconnaissance of as much of the ranch as possible should be
the first step taken. Walk the full extent of the property, if possible, and locate (GPS) all
existing structures related to the operation. Identify existing resource conditions and
concerns, which may include the following:

Waterbodies, riparian areas, seeps and springs, and other sensitive areas

Noxious, invasive, or poisonous species locations, density, and extent

Areas of cultural significance

Special wildlife habitat or areas of concern (i.e., wetland or riparian areas)

Obvious concerns such as gullies, large bare ground patches, etc.

Field-verify that the ecological site and soil boundaries match mapped descriptions and
evaluate the land to determine which states and plant community phases are present, as
described in the state-and-transition model (STM) of the ESD. Take note of the plant
community composition and compare to the communities described in the ESD. Are any
of the plant communities at risk of crossing an ecological threshold? Have they already
crossed a threshold? Note the vigor of the plants. Are they able to reproduce? Have the
plants been grazed, and to what extent? Does litter remain from the previous year, and is
the litter amount within the expected range described in the ESD? Is there evidence of
new growth? What seedlings are establishing? Are they species that are expected? Are
they species of specific concern? How does the plant community composition and vigor
appear to be impacting soil, air, animal, and water resources?

(iii)) When digging the hole to confirm the soils and ecological site (or potential), also pay

attention to the soil moisture, soil fauna, plant roots and other signs of soil health. Look
for signs of compaction. Does the soil structure match the soil description? Are they
granular soils when they should be blocky? What might this mean? Is there evidence of
adequate soil organic matter in the topsoil? What color is in the description, and what
color is it currently? Consider the type of plants present. Do their rooting structures look
as you might expect in the soil, or are they inconsistent with what is expected? Are they
supposed to be deep and extensive roots that go many inches into the soil profile but are
only an inch deep? Do they seem to be growing laterally along a boundary instead of
down into the soil? What might this mean about how water is flowing through the soils
and back into the plants?

(iv) Make note of animal trailing, pedestalling, water flow patterns on the soil surface,

)

concentration areas, and note the presence and extent of bare ground. Is it more than
expected, based on what’s been described in the ESD, FSG, or experience? Are there
signs of accelerated erosion? To what extent is erosion typical for this site? Locate (GPS)
or draw out the extent of such areas.

Note the infrastructure of the operation

e  Where are the fences, corrals, water, buildings, or barns?

e  Are they sited well?

e Are any changed needed concerning the structures?

e  What equipment does the operation have or lack?

(vi) Where on the property is the livestock water and other physical facilities such as fence,

handling facilities, roads, trails, and gates? Is it properly distributed across the property
for better utilization and adequate to support wildlife needs? Do they provide
supplements and where do they locate them? How does that appear to be impacting the
resources? What is the condition of any associated natural water bodies, such as riparian
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areas along stream banks and in spring and seep areas. Is water quantity, quality, and
availability adequate when livestock are present? Are water developments well
maintained and constructed in a manner that conserves water when livestock are not
present? Are float valves on troughs and tanks functional and wildlife escape ramps
present?
(vii) Consider wildlife in the area. Could existing fences be made more wildlife friendly?
Are there any traps for wildlife that should be considered for improvement? Are there
opportunities to remove or relocate fences to improve grazing management or wildlife
habitat? When are grazing wildlife present? Does the current grazing management
support critical wildlife need, such as fawning and nesting periods? Are riparian areas
along stream providing adequate cover and stable banks for fish habitat? Are seeps and
springs being conserved to support diverse wildlife species?
(viii) Plant community inventory
e Part of collecting resource data includes conducting an inventory of total production,
including forage. It should be stratified by Planning Land Unit (PLU), ecological site
or soil, and state or plant community when possible, and then evaluated and
aggregated for the entire operation during the data analysis process. Forage
inventories will provide information on the species, current condition, and
productivity, and can help develop key details on the goals for each management
unit. Information should include:
— Forage species
— Forage quantity
— Forage quality (i.e., growth stage when grazed)
— History of the site
— Utilization patterns (predicted, modeled, or observed)
—  Current stocking rates

e Determine current utilization levels and proceed to the more in-depth assessments if
conditions require them, including Determining Indicators of Pasture Health and the
Rangeland Hydrology Erosion Model (RHEM).

(ix) Animal Inventory

e Livestock
— An inventory of the domestic animals occupying or planned to occupy the
operating unit must also be developed. This inventory should be separated into
the necessary herds to allow the desired husbandry to be practiced. Information
to be inventoried should include:
— --Numbers, kinds, and classes of animals
— --Average weights in the herds
— --Type of enterprise (cow-calf, stocker, dairy, etc.)
— --Any special management needs or considerations
o Wildlife
— Wild ungulates should also be accounted for by management unit, with inventory
and forage requirements expressed in the same manner as livestock. If they are
migratory, such as elk, the time they are expected in the management unit must
be determined. Unique riparian habitats, including springs and seeps, deserve
special management considerations for wildlife.
(4) Analyze Resource Data

(1) After the inventory process is complete, an analysis of the data is necessary to assist the
client to identify and quantify problems. Again, it is imperative for clients to understand
the grazing lands ecosystem and ecological concepts before they can analyze the resource
data. Show them how you work through the calculations for forage supply and demand.
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Talk to them about why you include some information and not other information. These
discussions will assist in improving their understanding of the complex inter-relationships
of the soil, water, air, plant, and animal resources in their ecosystems. By doing this, it
creates more transparency, provides a better understanding of the information for them to
describe on their own, and builds trust between the client and NRCS conservationist.

(i) Typically, analyses include the results of assessment and monitoring tools, maps, tables
of plant production, forage availability, and plant vigor and utilization. Planning criteria
are used to determine which resource concerns are present. At this point in the planning
process, there must be agreement on which of the identified resource concerns will be
addressed during the remainder of the planning process. Upon completion of this
planning step, the planning process moves into phase II. If other issues are identified or
the client decides to address additional resource concerns, the planner may need to return
to previous planning steps.

(5) Formulate Alternatives

(i) Managed Grazing (528) is a primary practice on grazing lands and should always be included in
each alternative developed. Monitoring plans should also be prepared to evaluate applied grazing
management, including a discussion of the predicted ecological or vegetation responses for each
alternative.

(i1) Develop alternatives that treat the resource concerns the client chooses to address. Supporting
practices, such as fences and water development, are planned when needed to enable the
application of the primary vegetative and management practices.

(iii) NRCS employees will assist the client by developing treatment alternatives that meet planning
criteria in the FOTG for resource problems chosen for treatment and that accomplish
objectives of the client. A sufficient number of alternatives should be presented to the
client to ensure that they are selecting alternatives that meet their needs. Revised
treatment alternative(s) may be adopted and implemented if evaluation and monitoring
show that the originally selected alternative(s) are not meeting management objectives.

(6) Evaluate Alternatives

Evaluate the alternatives to determine their effectiveness in addressing the client’s identified

resource concerns, opportunities, and objectives. Attention must be given to those ecological

values protected by law or Executive order.
(7) Make Decisions

(1) After all the alternatives have been evaluated, the client makes a decision on which
alternative(s) meets their objectives. The client considers the following when selecting
alternatives: Will they be effective to alleviate the resource problems identified in an
acceptable time frame? Are the alternatives economically feasible? Can the client carry
them out (do they have the willingness, values, skills, and commitment)?

The success of a conservation plan is totally dependent upon the client’s capabilities
to make sound ecologically and economically feasible decisions on a daily basis.
NRCS must provide and ensure the technical assistance needed so that clients obtain
this type of information and understanding as it relates to the management and
profitability of their operations.

(i1) The client will make the decision on which alternative is selected. Other alternatives that are
considered, but not selected, maybe adopted through adaptive management decision support, if
monitoring shows the selected alternative is not meeting plan objectives.

(iii) Practices should follow a logical sequence and be recorded in the conservation plan’s schedule
of operations. The following logic provides ideas for scheduling application.

o Iflivestock are on the operating unit, then Managed Grazing (528) should be scheduled
and applied as soon as practical. If fencing and water development must be installed
before applying the Managed Grazing (528) plan, then they would normally be installed
first. Water developments generally are installed before fences because of risk and
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because the specific locations of planned ponds, wells, and pipelines mayneed to be
moved to a new location, which may affect the location of the planned fence. Once the
water developments are applied, then the fencing can be designed without worry that
the pond can be built or the planned well will yield a sufficient water supply.
After the fences and water distribution are installed, the Managed Grazing (528) plan
can be initiated. Supporting practices such as brush management, herbaceous weed control,
range planting, prescribed burning, grazing land mechanical treatment and critical area
treatment, can now be performed because fencing and water development will allow the
needed grazing management to successfully complete those practice requirements, such
as deferment or rest periods. Each operating unit will have its unique set of circumstances
that dictate the schedule of application. A major point to remember is that Managed
Grazing (528) is the primary practice on grazed lands.
Identify and consider activities affecting the Managed Grazing (528) schedule:
— Husbandry practices
— Nutrient and social requirements of animals
— Forage quality requirements
— Practice application requirements
— Hunting season needs
— Recreation Activities
— Endangered plant and animal species
— Watershed water quality and quantity needs
— Riparian needs
— Predator problems
— Insect problems
— Parasite problems
— Poisonous plants
— Animal shelter needs
— Wildlife habitat needs
— Aecsthetic and social considerations
—  Cultural resources
— Critical areas needing special treatment
— Soil Health concerns
— Ranch logistics and limits on labor and equipment

Specific requirements of varying livestock enterprises

(iv) Scheduling Grazing

After the forage and animal inventory is done and other factors have been considered,
calculate the estimated forage available in each management unit. Calculate the daily
forage needs of each herd, in preparation for scheduling Managed Grazing (528).
Have this available to assist the client as the client schedules livestock movement
through the management units in a way that will:

— Balance forage requirements with forage supply

— Meet the growth needs of the plants

— Meet the nutritional needs of the animals

— Meet the husbandry needs of the livestock

— Meet the needs of the wildlife of concern

— Meet the needs of all other activities in the management unit and operating unit
— Meet the client’s objectives

(190-645-H, June 2022)
645-D.11



Title 190 — National Range and Pasture Handbook

e Include any supplemental or substitutional feed requirements needed to meet the
desired nutritional demand for the kind and class of livestock and browsing and
grazing of wildlife. See Subpart H for guidance on animal nutrition.

e Many methods could be used to determine the appropriate stocking rate within a
grazing unit. Often the past stocking history (producer records) and the trend of the
plant community are the best indicators of a proper stocking rate.

— Three techniques for forage inventory and stocking rates are described in
Examples D-1, D-2, and D-3. Using different techniques and comparing the
results will help refine the numbers used for planning.

— NRCS does not establish grazing capacities. Neither does it require an agreed
upon stocking rate in conservation plans. NRCS assists land users in making their
own decisions concerning the number and kinds of animals to ensure economic
and ecological sustainability. A beginning stocking rate is normally suggested,
based on inventories.

Example D-1. Estimating stocking rate using producer records

Forage supply can be back-calculated from the producer’s records. The equation is:

Number of AUs*AUE* Days Grazed = AUDs
Example:
100 cow *1.1 AUE*45 days grazed = 4,950 AUDs

The utilization rate that resulted from the recorded use should be taken into account by
dividing the AUDs by the observed utilization rate then multiplying by the target utilization
rate so the equation becomes:

Number of AUs* AUE*Days Grazed*Target Utilization rate/Observed Utilization
rate = AUDs

Example:

100 cows* 1.1 AUE*45 days grazed/ 0.65 observed utilization*0.5 target utilization
= 3,808 AUDs

This technique provides an accurate estimate of a proper stocking rate, but it is based on
the actual production from the recorded year. Further adjustments would need to be made
to use it as an estimate of a “representative” year.
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Example D-2. Estimating stocking rate using field inventory

The results of vegetation measurement techniques used to inventory plant community
production (described in 645.40 Subpart E Inventory, Assessment, and Monitoring of Grazing
Lands) can be used to set appropriate stocking rates. To calculate stocking rates based on
production data gathered in the field, several steps need to take place:

The production value(s) need to be extrapolated across the PLUs varying ESDs, soils, and/or
plant communities, then aggregated (using a weighted average) into a total value for the PLU
(usually in lbs./acre).

Reconstruction of the production values back to a ‘representative’ year for multi-year
planning (or no reconstruction for planning in the current season).

Standard, estimated or modeled values for harvest efficiency and distribution
(accounting for topography, distance to water, etc.) should be used to adjust the total
forage values.

Convert lbs/ac production values into AU values using a constant for intake (NRCS standard is
2.6% oven dry or 3% air dry forage of body weight per day).

Example D-3. Estimating stocking rate using remote sensing products

Continuous coverage of annual production values of herbaceous vegetation is freely available
through online tools such as the Rangeland Analysis Platform (RAP) and FuelCast. Past,
present, and projected values for production are available. To calculate stocking rates based on
remotely sensed production data, several steps need to take place:

Values from remote sensing products should be field verified.

For multi-year planning, the appropriate value can be chosen by analyzing several years
of past production values. If planning for the current season, the present or predicted
values should be used.

Standard, estimated or modeled values for harvest efficiency and distribution
(accounting for topography, distance to water, etc.) should be used to adjust the total
forage values.

Convert Ibs./ac production values into AU values using a constant for intake (NRCS standard is
2.6% oven dry or 3% air dry forage of body weight per day).

(viii) The planner can then work with the client on the timeframe for implementing the
practices and begin developing the Conservation Plan.
(ix) The client’s copy should contain:
Client Objectives
e QGrazing Lands Conservation Plan Maps:
— Operating boundary (may be different than ownership boundaries)
— Planned field boundaries, field number, land use, acres
— Visual display of assessment results
— Location of current and planned practices
— Ecological Sites and/or soils
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— Key Area locations, photo point monitoring sites
— Pertinent infrastructure (roads, sensitive areas, pipelines and troughs, etc.)
Forage Inventory

Livestock Inventory

Feed and Forage Balance Worksheet

All inventory data sheets

Grazing Schedule

Monitoring Plan

Contingency Plan

Practice schedule

Practice Implementation Requirements

(x) The NRCS copy should contain all the above and:

Directions to the location of the land unit
Technical Assistance Notes
Applied Practices

(xi) Contingency Plan

The plan will include a contingency plan that details potential problems (i.e.,
wetness, drought, wildfire) and a guide for adjusting the grazing prescription to
ensure resource protection and economic feasibility and sustainability. The plan
should include what evaluation protocols would be used in order for the client to
recognize potential problems in the early phases (drought) and a plan of action that
will be taken to offset and minimize the deterioration of the resources, livestock, and
wildlife, and the economics of the operation.

(xii) Monitoring plan

A monitoring plan will be developed to help assess how the new management is or is
not achieving the planned results. Adjustments may need to be made in management
to achieve goals. The monitoring plan will be carried out using the established key
area in each management unit. Adaptive management decision making should be
used if monitoring shows adjustments in management practices and other treatment
alternatives are needed to meet plan objectives.

(8) Implement the Plan

(i) NRCS employees assist clients in inventorying their grazing land ecosystems and the
facilitating practices currently in place, along with current grazing management schemes,
current husbandry practices, livestock performance, wildlife habitat and numbers, etc.
This information helps complete needed evaluations of current ecological and
performance status. During this process, the conservationist should develop an
understanding of the client’s available resources to implement the conservation plan.

(i1) The land manager is now ready to implement the plan. NRCS personnel shall provide
technical assistance to the client in the application of all practices as needed and
requested.

(ii1) Primary Practices for grazed or hayed lands are Forage Harvest Management (511) and
Managed Grazing (528). These are the most difficult and complex practices to plan and
apply. These practices, respectively, are the proper application of hayland harvest and the
proper manipulation of livestock number, kind, and class through pastures or rangeland in
a time or manner that causes the plant community composition to move toward or
maintain the desired community, while meeting the needs of the livestock and wildlife of
concern. Managed Grazing (528) application is an iterative and ongoing process. For
many clients, it is a change in lifestyle as it becomes a decision process that may affect
their daily routine. For this to be successful, land managers often require close and
continuous technical assistance from NRCS personnel as they learn to adapt and adjust
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management strategies and practices based on monitoring results. NRCS personnel must
provide onsite assistance and follow-up in a timely manner to continually teach clients to
observe, evaluate, and monitor their grazing lands, livestock, and wildlife to make
adaptive grazing management decisions that will be flexible enough to ensure success.

(iv) Supporting Practices

e Supporting practices such as fences, ponds, wells, water storage facilities, pipelines,
and troughs all need to be installed according to a technical design to ensure success.
NRCS personnel shall provide on-the-ground technical assistance needed for design
and installation to ensure technical adequacy and that NRCS standards and
specifications are met.

e Practices, such as brush management, weed control, nutrient management, forest
improvement, range planting pasture planting, prescribed burning, water spreading,
critical area treatment, diversions, streambank and shoreline protection, and
structures for water control could be primary or supporting practices depending on
how they are addressing the resource concerns. All need to be installed according to
a technical design to ensure success. NRCS shall provide the technical assistance
needed for design and installation.

(9) Evaluate the plan (Follow up)
(1) After clients initiate application of their plan, NRCS should provide follow-up assistance.

(i)

As previously stated, grazing management is an ongoing process. The client may need
assistance from NRCS personnel to evaluate results of the applied Managed Grazing
(528). It is a continuous learning process for the client and the NRCS personnel who are
gaining experience. Grazing management can often be fine-tuned through monitoring and
adaptive management actions and practices to accomplish their goals. Many times, clients
increase their knowledge in grazing management and may elect to change to more
intensive grazing management schemes as a result of monitoring their livestock
performance and land resources. This often requires a plan revision to increase fences,
water developments, or both, as well as a revision in the grazing schedule.

The client’s objectives often change, or new technology arrives that the client should
consider. New resource problems are often recognized as the technical and management
knowledge of the client increases.

(iii)) NRCS continuously gathers data from local grazing management application

experiences. This information builds databases of responses to treatment. These response
evaluations are necessary to assist future clients in the planning process and assist with
adaptive management decisions.

(viii) The initial planning process is just the beginning of the learning and understanding of

grazing management for many clients. Experience has shown that most clients will not
and cannot successfully apply their plan without follow-up implementation assistance
from trained NRCS personnel. For these reasons, periodic contact needs to be made with
the client to ensure the continued success of the conservation plan and to collect response
data for future assistance to clients.

(ix) Activities to Accomplish Follow-up

e Make a firm date with the client for follow up evaluation assistance. Explain the
purpose of the contact so that they may prepare. Review on-the-ground results of the
applied grazing management. Use the opportunity to teach and assist clients to
recognize trends in plant community response. Assist them to adjust and adapt
grazing management practices needed for the plant community to respond as desired,
provide quantity and quality forage needed by livestock and wildlife of concern, and
meet the needs of the soil, water, air, plant, and animal resources.
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e Review the schedule of operations for the implementation of practices. Follow up and
monitor those that have been applied to evaluate their continued success. Assist in
improving the schedule of application. Assist in recognizing any maintenance need
on applied practices. Encourage management flexibility and adopting other practices
or treatment alternatives if original planned practices are not being met.

e  Gather response data that will improve client’s ability to predict future responses to
treatment.

e Assist clients to identify new or developing resource concerns that may need
attention.

e Provide clients new technical information applicable to their resource problems and
invite client to any training that may occur.

e Host or coordinate training if several clients within a geographic area have similar
resource concerns or are developing management strategies to address a unique or
special resource concern.

e Assist the clients with their monitoring and evaluation efforts and any necessary
revisions of alternative actions that maybe necessary to revise their management
actions as needed.

645.0407 References
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Part 645 — National Range and Pasture Handbook
Subpart E - Inventory, Assessment, and Monitoring for Grazing Lands
645.0501 General Information

A. Purpose

The purpose of this subpart is to provide guidance on how to conduct inventories and
assessments and how to set up monitoring plots on grazing lands. It provides a summary of
remote sensing tools commonly used by NRCS and information on data capture and storage
devices that are available. Information is included on how inventories, assessments, and
monitoring data are used in conservation planning, developing ecological site descriptions,
and used in National Resources Inventory (NRI). Instructions for using common tools for
inventorying, assessing, evaluating, and rating areas of interest or planning areas are
described in full; and the subpart provides information on vegetation sampling techniques,
links, and references for ease in locating tools and helpful documents, if those procedures are
not covered fully in this subpart.

B. Introduction

(1) Inventory, assessment, and monitoring resources are important activities conducted by
range and pasture specialists in the conservation planning process. Collecting appropriate
natural resource, economic, and social information about the planning area can be used to:
(i) Identify existing or potential resource concerns or opportunities.

(i1) Further define existing and potential resource concerns and opportunities.

(iii) Clarify those resource concerns.

(iv) Formulate and evaluate alternatives.

(v) Gather pertinent information concerning the affected resources, the human
considerations, and operation and management (NRCS, National Planning Procedures
Handbook, 2020).

(vi) Evaluate the effectiveness of implemented conservation practices to address resource
concerns.

(2) The resource inventory is the identification of Soil, Water, Air, Plant, Animal, Energy and
Human resources (SWAPAE+H) and Special Environmental Concerns (SECs) that are
present and are the basis of all planning efforts. This information furthers the
understanding of the presence of the natural resources in the planning area (NRCS, 2020).

(3) For NRCS staff, Step 1 (Identify Problems and Opportunities) and Step 2 (Determine
Objectives) of the nine steps of Conservation Planning are the best guides to deciding
what to inventory and the degree of detail that is needed in the process.

(4) There is no single method for collecting information on grazing lands. No single
measurement or technique provides enough information to guide management in all
situations (Smith et al. 2012). Inventory, assessment, and monitoring are different
processes — although related — that usually require different protocols and sampling
methods. It is important to distinguish between the respective purposes of inventory,
assessment, and monitoring activities, with inventory and assessment activities typically
preceding monitoring and contributing to where, what, and how things will be monitored
later in the planning and evaluation process (Bern et al. 2006).

C. Uses of NRCS Grazing Land Inventory, assessment, and monitoring data

(1) Inventory, assessment, and monitoring data can be used not only for conservation
planning but also to study conservation treatment effects, to establish the baseline data for
monitoring, determine resource concerns, and other uses including:

(1) Coordinating grazing history, stocking rate, and animal performance records in
determining guides to initial stocking rates.
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(ii) Development of ecological site descriptions and preparing soil survey manuscripts.

(ii1) Studies of conservation practice treatment effects.

(iv) Analyzing wildlife habitat values.

(v) Planning watershed and river basin projects.

(vi) Assisting and training landowners and operators in monitoring vegetation trends and
the impact of applied conservation practices and programs.

(vii) Exchanging information with research institutions and agencies.

(viii) Preparing guides and specifications for recreation developments, beautification,
natural landscaping, roadside planting, and other developments or practices.

(ix) Directing Plant Material Center program activities.

(x) Developing modeling tools.

(xi) Helping to direct policy.

(2) Data collected during inventories, assessment, and monitoring results can be used for
Ecological site description (ESD) development, with data collected for ESDs more
extensive than data for conservation planning inventories. Ecological site development
requires collections of biomass data, a review of local history related to reference plant
communities, and correlation to a specific soil component. The National Ecological Site
Handbook describes the tiers of data required for provisional and approved ecological site
products:
https://www.nrcs.usda.gov/wps/portal/nres/detail/soils/ref/?cid=nrcseprd 1291232

(3) The Conservation Effects Assessment Project (CEAP) quantifies the environmental
effects of conservation practices and programs. The process includes research, modelling,
assessment, monitoring, and data collection.
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/ceap/

(4) The NRI Grazingland On-site Study collects and produces scientifically credible
information by assessing the status, condition, and trends of land, soil, water, and related
resources on the Nation's non-federal lands, in support of efforts to protect, restore, and
enhance the lands and waters of the United States.
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/nri/

(5) Inventory data are used to determine and document the environmental effects of
conservation decisions through the NRCS Environmental Effects policy and National
Environmental Protection Act (NEPA) requirements. NEPA was written to ensure that
Federal decision-makers take into account the environmental effects of their proposed
actions and consider ways to avoid, minimize, or mitigate adverse effects before
implementing the action. This is also the purpose of the NRCS environmental evaluation
process.
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/ecosciences/ec/?cid=
nrcsdevl1_000340.

(6) Hydrologic model development is an important activity in NRCS that requires data
collection from a unique set of variables, including plant cover and slope. The Rangeland
Hydrology and Erosion Model (RHEM) is a soil erosion model to predict soil loss
specific to rangelands. Manuals, handbooks, and facts sheets are available for the RHEM
tool and can be found on the NRCS Rangelands web site at:
https://www.nrcs.usda.gov/wps/portal/nres/detailfull/national/landuse/rangepasture/range/
?cid=STELPRDB1043345. More information on Ecohydrology on rangelands can be
found in Subpart G of this handbook.

645.0502 Remote Sensing for Inventory, Assessment, and Monitoring of
Grazing Lands

A. Remote sensing is a methodology for data collection, analysis, and the parameterization of
environmental models from satellite data. Remote sensing requires an interdisciplinary approach
to be able to interpret the data received and make it operational. Remote sensing technology is
rapidly changing with frequent new developments. The USDA-NRCS Geospatial Sciences
website is a source for current information at https://geospatial-sciences-nrcs.hub.arcgis.com/.
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B. Remote sensing integration is the simultaneous use of field and remote-sensing data for
inventory, assessment, and monitoring. Remote sensing technology can increase efficiency,
reduce the amount of field data that needs to be collected, and allow better extrapolation of field
data to the landscape, improving the ability to inventory and monitor large and diverse
landscapes. Field data are used to validate remotely sensed data products and to provide
information on indicators that cannot be remotely sensed. Remote sensing integration supported
by the Bureau of Land Management’s Assessment, Inventory and Monitoring (AIM) Strategy are
also used by NRCS and includes the following from validation or characterization of remotely
sensed products:

(1)

2)
3)

4)

Field data to validate remote-sensing based products like vegetation classification and
landscape level maps of attributes such as bare ground, biomass production, and invasive
species prevalence.

Improving field-based estimates with remote sensing data. The precision of field-based
estimates can be improved by adding remote sensing data as co-variants.

Aiding in the selection of field sampling locations. Use remote sensing products such as
vegetation indices and classifications to capture landscape patterns of interest for
management (Toevs 2011).

Supplement field-based sampling with image-based sampling. Unmanned Aircraft
Systems (UAS) or drones can provide a collection of high-resolution images to
supplement field plot-level data. Access issues, quantity of samples, and sampling
intensity can be addressed using UASs. See GM-170-402 - Part 402 — Aviation
Management — Unmanned Aircraft Systems for NRCS policy, procedures, and guidelines
on the use of UAS.

C. Remote Sensing Tools and Products

(1)

2)

Remote sensing technology is a rapidly developing and changing field. Other remote
sensing tools and products used for NRCS conservation planning will be reviewed as they
are developed. An annotated catalog of geospatial workflow enhancements and
geodatabase models developed is referenced here for use in NRCS Field, Area, State, and
Regional offices used for conservation planning.

Remote sensing products that are currently available provide estimates of:

(i) Plant cover (by life form)

(i) Bare ground

(iii)) Biomass

(iv) Annual production

(v) Canopy height

(vi) Elevation

D. The following remote sensing products are currently available for use in grazing land
inventory, monitoring, and assessment. Each of these tools requires field validation:

(1)

2)

Rangeland Brush Evaluation Tool (RaBET) estimates canopy cover of woody plant
species but is limited to use in specific Major Land Resource Areas (MLRASs). This
operational product allows land managers and NRCS to assess spatial and temporal
changes in woody vegetation over large heterogeneous landscapes and provides them
with a tool to assess where the greatest need for treatment exists (Collins et al. 2018).
More information can be found at: https://rangelandsgateway.org/dlio/15355.

Rangeland Analysis Platform (RAP). The Rangeland Analysis Platform (RAP;
https://rangelands.app) is a free online application providing vegetation maps (30m
resolution) across rangelands of the western U.S. from 1986 to present. Products leverage
satellite data, NRI, and other plot data to produce maps of annual percent cover of
perennial forbs and grasses, annual forbs and grasses, shrubs, trees, and bare ground
(Allred et al. 2021), as well as herbaceous production (Ibs/ac) every 16 days and annually
(Jones et al. 2021). RAP provides an easy-to-use interface for NRCS conservationists to
visualize rangeland heterogeneity and analyze trends of vegetation cover and production
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3)

4)

)

(6)
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from pasture to watershed scales. RAP can be used throughout the NRCS Conservation

Planning Process to help planners inventory rangeland resources, identify and prioritize

areas for management, and evaluate outcomes of practices. Examples of applications

include area-wide planning to reduce woody encroachment and invasive species,

prescribed grazing and drought contingency planning, and monitoring vegetation

responses to conservation practices. RAP Help Resources can be found at:

https://support.rangelands.app.

Normalized Difference Vegetation Index (NDVI) is a measure of the state of plant

health based on how the plant reflects light at certain frequencies (some waves are

absorbed, and others are reflected). Chlorophyll is a health indicator, strongly absorbs

visible light, and the cellular structure of the leaves strongly reflect near-infrared light.

When the plant becomes dehydrated, sick, afflicted with disease, etc., the spongy layer

deteriorates, and the plant absorbs more of the near-infrared light, rather than reflecting it.

Thus, observing how NIR changes compared to red light provides an accurate indication

of the presence of chlorophyll, which correlates with plant health (Earth Observing

System). For more information: https://eos.com/make-an-analysis/ndvi/.

GrassCast is an optional tool that forescasts an area’s peak standing grassland biomass

for the whole growing season. Managers can use GrassCast to form a more educated

guess about the upcoming growing season. It can help inform the design of proactive

drought management plans, trigger dates, stocking dates, and grazing rotations.
GrassCast works by using well-known relationships between historical weather and
grassland production. It combines current weather data and seasonal climate outlooks
(from NOAA Climate Prediction Center) with a well-trusted grassland model
(DayCent) to predict total biomass (Ibs/acres) for individual counties, compared to
their 38-year average. For more information: https://grasscast.unl.edu/.

FuelCast is a fuel and rangeland production forecasting system. It leverages Google

Earth Engine and Tensorflow to process near real-time weather and remote sensing data.

It provides weekly forecast estimates of magnitude and timing of annual production and

fuel across coterminous US rangelands with free, near real-time information to rangeland

managers, fire specialists, and producers. For more information:

https://www.fuelcast.net/dl.

Land PKS-Land Potential Knowledge System (LandPKS). See figures E-1 and E-2.

The USDA-ARS Jornada provides a number of tools for soil and ecological site

identification, data collection, and for accessing data, information, and knowledge. As of

September 2021, the LandPKS mobile application provided the following functions for

pastures and rangelands:

(1) Soil texture determination (video key)

(i1) Soil color determination (using a grey card or yellow Post-It Note© for reference)

(iii) Soil and ecological site for a location and adjacent map units using GPS, map, or
hand-entered location (requires internet access, then stored on phone for location)

(iv) Soil and ecological site identification based on location + user inputs (e.g., soil
texture by depth, soil color by depth, rock fragment volume by depth)

(v) Habitat information for ~ 100 species

(vi) Data collection (with on-phone and private or public cloud storage and data portal
access)

(vii) NRI-compatible (but less detailed) vegetation cover, height, gap

(viii) Utilization

(ix) Soil health (NRCS Cropland In-Field Assessment with all methods)

(x) In-app user support (tap on question mark)

(190-645-H, June 2022)
645-E.4


https://support.rangelands.app/
https://eos.com/make-an-analysis/ndvi/
https://grasscast.unl.edu/
https://www.fuelcast.net/dl

Title 190 — National Range and Pasture Handbook

Figure E-1. Land PKS-Land Potential Knowledge System (LandPKS).

Figure E-2. Emilio Carrillo, NRCS Rangeland Management Specialist using Land PKS.

(7

(xi) The current version requires a gmail login; future versions likely will not.

(xii) The Jornada, in cooperation with the BLM, NRCS, and other partners, will continue
to make these and additional functions available in the future, and any data collected
will continue to be available. Like all technology, these tools are constantly being
updated and improved, and the specific form may change. More information:
https://landpotential.org/. https://jornada.nmsu.edu/

Light Detection and Ranging (LiDAR) is a remote sensing method that measures
distance to a target by illuminating the target with pulsed laser light and measuring the
reflected pulses with a sensor. Differences in laser return times and wavelengths are used
to make a digital 3-D point cloud of the target. As with all remote sensing products, each
individual LiDAR data collection is a “snap-shot in time” and is created with a variety of
sensors that are constantly changing in capabilities and performance over time.

Differences in the type of elevation product and the quality of the digital data for different

applications are a result of the sensor and processing techniques. Guidance on quality

standards and how data quality is assessed and are available from the Federal Geographic

Data Committee (FGDC) National Standards for Spatial Data Accuracy, NSSDA Part 3,

and the USGS 3DEP Standards and Specifications. NRCS also provides guidance for

Using LiDAR for Planning and Designing Engineering Practice:

https://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=36637.wba.

(1) The classified LiDAR point cloud can be used to create high resolution elevation
raster datasets of the Digital (bare earth) Terrain Model (DTM) and the Digital
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Surface Model (DSM). A properly classified LIDAR point cloud can be used to
model vegetation structure and produce maps of canopy height for each raster cell
location. Generally, the elevation data derivatives are most effective in determining
woody plant canopy heights that are greater than four feet. However, this would need
to be validated for each data collection by examination of the product’s metadata or
ground truth verification.

(i) LiDAR is also used to obtain information on the height distribution of plant
communities and for interaction of Digital Surface Model (DSM) plant heights with
satellite or aerial photography imagery for plant communities. The user of LIDAR
elevation derivatives for vegetation analysis will need to be aware of the “snap-shot
in time” factor because many of the LiDAR data sources for NRCS are several years
old. Current developments in UAV technology are making it possible to have a digital
surface model available for current vegetation characterization.

(iii)) LiDAR elevation derivatives are also used to develop stream flow networks, model
hydrology, and detect concentrated flow areas and gully erosion, even under
significant forest canopy conditions. This is a very complex topic and not easily
generalized. NRCS has provided support for the production of several recorded video
sessions describing how LiDAR elevation derivatives can be processed and applied
for hydrology and terrain analysis.

(iv) Not all NRCS field offices have access to LIDAR imagery. Contact the NRCS State
GIS Specialist for information on LiDAR image coverage for the area of interest.

645.0503 Data Capture and Storage

A. Electronic devices for capturing inventory, assessment, and monitoring information are
available in NRCS field offices. The use of these devices assists in quick data capture and reduces
transcription errors from paper copy to data analysis programs and reports.

B. Data storage of inventory, assessment, and monitoring information for conservation planning
is typically kept in the individual client’s hard copy casefiles or electronically within the
Documents Management System (DMS).

C. The Conservation Assessment Ranking Tool (CART) is a database system that captures
resource concerns and existing conditions based on resource inventory questions, along with
existing practices, planned condition, and planned practices. The CART data are geo-spatially
referenced to planning land units (PLUs) within a client’s conservation desktop (CD) practice
schedule in the client’s case file. CART data are stored in the National Planning and Agreements
Database (NPAD), allowing the data to be queried for analytical purposes.

D. Other options exist with partnering organizations to store inventory data in databases such as
with the Jornada’s Database for Inventory, Monitoring and Assessment (DIMA;
https://jornada.nmsu.edu/monit-assess/dima). DIMA is an Access© database which enables field
data collection. It also provides calculations and reports upon completion of data collection
(handy for Interpreting Indicators of Rangeland Health and comparing data to previous years
while in the field). Core methods monitoring data (e.g., data collected according to Herrick et al.
2018 and IIRH v5) can also be stored and accessed through ARS’s Landscape Data Commons,
which houses interagency inventory monitoring and assessment data, including BLM, AIM, and
NRI data.

E. Environmental Systems Research Institute (ESRI) products are an example of other software
systems available to NRCS for developing data collection apps like ArcGIS Survey 123. This can
document the georeferenced point of assessment, soils, ESDs, photos, and indicator and attribute
ratings for the Interpreting Indicators of Range Health (IIRH) protocol in the field via an iPhone.
These data are stored in geoportals and displayed using geoportal or ArcMap. Other options
include developing a dashboard to display current data. The data collected in the field are stored
and applied to support conservation planning process, program delivery, and ESD development.
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F. Few software systems are available to NRCS that provide the full range of standardized NRCS
rangeland, pastureland, and grazed forestland inventory, assessment, and monitoring methods.
The Vegetation GIS Data System (VGS) is one program available to NRCS that offers a robust
system for efficiently capturing and storing inventory, assessment, and monitoring data
electronically. See figure E-3. Calculations and reports are created from the data and are available
immediately for review and discussion while in the field with land managers. Access to
photographs from previous data collections can be compared while in the field, and the GPS unit
support spatially links data to the collection site. The VGS program, support information, and
training resources are available at: https://vgs.arizona.edu/.

G. Point data collected for ecological site description development are presently stored within the
National Soil Information System (NASIS). This database includes plot data collected on
Production and Composition Records forms such as Estimating and harvesting (double sampling)
Production Form, Grazable Forest Land Evaluation-Forest Land Status and Condition Record
Data Sheet (ECS-4 Appendix E-A, Exhibit E-A-1 and Exhibit E-A-2) and the Soil-Woodland
Correlation Field Data Sheets (ECS-5, Appendix E-A, Exhibit E-A-3). Refer to the National
Ecological Site Handbook for instruction on accessing, entering, or editing data collected for
ecological site development.

Figure E-3. NRCS Rangeland Management Specialist, Josh Tashiro is performing the Line Point
Intercept monitoring protocol; and NRCS Range Specialist Rian Nials records on a tablet with
VGS software the foliar cover of the plant species and ground cover touched by the pin on the
Stark Ranch, Texas.

645.0504 Inventory and Assessment

A. Natural resource inventorying is the process of acquiring information and objective data about
the planning area, including the presence, condition, distribution, and abundance of vegetation,
soil, water, biotic communities, natural and human-induced changes in resources, severity of
resource concerns, and to help identify opportunities for improvement and determine which
strategies may be most appropriate in given conditions. Inventories and assessments can be used
to establish the baseline data for monitoring, in addition to the primary objective of generating the
contextual soil, climate, topographic, and other information that is necessary to interpret
assessment and monitoring data. They should be spatially explicit and geospatially locatable to
enable data storage and retrieval.

(190-645-H, June 2022)
645-E.7


https://vgs.arizona.edu/

Title 190 — National Range and Pasture Handbook

B. Step 3 is the inventory phase of NRCS’s nine steps of conservation planning. Collecting the
appropriate natural resource, economic, and social information about the planning area is used to:

(1) Identify existing or potential resource concerns or opportunities.

(2) Further define known existing and potential resource concerns and opportunities.

(3) Clarify resource concerns.

(4) Formulate and evaluate alternatives.

(5) Gather pertinent information concerning the affected resources, the human
considerations, and operation and management.

(6) Evaluate the effectiveness of implemented conservation practices in addressing resource
concerns.

C. Some primary purposes and commonly conducted inventories are to document the occurrence,
location, and current condition of physical habitats and features — or determine site conditions,
forage production, species diversity, identify rare or threatened plant communities, endangered
species, or locate and characterize fragile, rare, or sensitive areas.

D. Assessments are part of the inventory process that provide a rating of deviation from what is
happening onsite to some value that is considered normal or within the natural range of variation
for the site. Assessments are the estimation or judgement of the status of ecosystem structure,
function, or processes, and can be conducted by gathering, synthesizing, and interpreting
information from inventories or by completing specific protocols, such as Interpreting Indicators
of Rangeland Health (IIRH). They can be a combination of quantitative and qualitative data.
When associated with inventory information and quantitative monitoring, assessments can
provide early warnings of potential resource problems and opportunities and can be used to help
select monitoring sites and protocols in the development of monitoring programs.

E. In this subpart, several important inventory, assessment, and monitoring tools on range and
pasturelands are described with directions for use and examples provided. Additional tools,
especially those used in the NRCS National Resource Concern List and Planning Criteria, have
referrals to the protocol documents with URL links provided. Predictive tools are covered in
Subpart F: Managing Grazing lands.

(1) For use on Rangelands:

(1) Interpreting Indicators of Rangeland Health (IIRH), Version 5 will be used for
assessing the condition of ecological functions on rangelands and is a specific
assessment tool recognized in NRCS planning criteria to identify resource concern
criteria thresholds. IIRH is essential for conservation planning on rangelands
(Technical Reference 1734-6 V5, Interpreting Indicators of Rangeland Health; Pellant
et al. 2020).
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/landuse/rangepasture/ra
nge/?cid=stelprdb1068410.

(i) Similarity Index is used to compare current vegetation in terms of kinds,
proportions, and amounts on an ecological site to the documented composition of any
plant community.

(iii)) Rangeland Trend Worksheet is a rating of the direction of change that may be
occurring on a site. The plant community and the associated components of the
ecosystem may either be moving toward or away from the reference state or another
desired plant community or state.

(iv) Other methods for collecting data on rangelands are the National Resources
Inventory (NRI) method.
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/nri/processes/
?cid=nrcs143 014072 and the Bureau of Land Management Assessment, Inventory,
and Monitoring (AIM) Strategy at:
https://landscape.blm.gov/geoportal/catalog/ AIM/AIM.page#:~:text=The%20Assess
ment%2C%20Inventory%2C%?20and%20Monitoring,on%20the%20nation's%20publi
c%?20lands.
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For use on Pasturelands:

(1) Guide to Pasture Condition Scoring (PCS) is used for assessing the ecological
condition on pastureland through the visual evaluation of 10 indicators, which rate
pasture vegetation and soils. This is a specific assessment tool recognized in NRCS
planning criteria to identify resource concern criteria thresholds on pasture. (Ogles et
al. 2020).
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/pastu
re/?cid=stelprdb1045215

(ii) Describing Indicators of Pasture Health (DIPH) is designed to provide
information about how well ecological processes — such as the water cycle, energy
flow, and nutrient cycling — are functioning on pastureland. This also is a specific
assessment tool recognized in NRCS planning criteria to identify resource concern
criteria thresholds on pastureland (Spaeth 2021). The entire DIPH protocol is found
later in this subpart.

(iii) Other methods for collecting data on pasturelands are the National Resources
Inventory (NRI) method.
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/nri/processes/
?cid=nrcs143 014072 and the Bureau of Land Management Assessment, Inventory,
and Monitoring (AIM) Strategy at:
https://landscape.blm.gov/geoportal/catalog/ AIM/AIM.page#:~:text=The%20Assess
ment%2C%20Inventory%2C%?20and%20Monitoring,on%20the%20nation's%20publi
c%?20lands.

For use on all grazing lands:

Sampling Vegetation Attributes, Interagency Technical Reference, is an interagency

inventory/monitoring guide that provides the basis for consistent, uniform, and standard

vegetation attribute sampling that is economical, repeatable, statistically reliable, and

provides many of the primary sampling methods used across the West (Culloudon 1999).

https://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/stelprdb1044175.pdf.

For use on riparian areas:

(i) Stream Visual Assessment Protocol, V2 (SVAP2) is a stream assessment tool for
qualitatively evaluating the condition of aquatic ecosystems associated with wadeable
streams and is used to determine the presence of a resource concern, or to document
the current condition of a suspected resource concern in NRCS planning (Boyer
2009).
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/ndesme/?cid=nrcs143 009
158.

(ii) Proper Functioning Condition (PFC) Assessment for Riparian Areas. The PFC
protocol addresses the physical functioning of perennial or intermittent lotic (flowing
water) riparian systems, such as rivers or streams (Dickard 2015).
https://www.blm.gov/documents/national-office/blm-library/technical-
reference/riparian-area-management.

(iii)) Riparian Area Management Proper Functioning Condition Assessment for
Lentic Areas. This technical reference provides instruction for the application of the
lentic PFC protocol and addresses the physical functioning perennial or intermittent
lentic riparian-wetland systems, such as swamps, ponds, or marshes (Gonzalez, M. A.
and S.J. Smith 2020). https://www.blm.gov/sites/blm.gov/files/docs/2020-
12/TR%201737-16%20Layout%20121020.pdf.
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645.0505 Production as Part of Inventorying and Assessment

A. Production data collected by NRCS are most commonly based on weight measurements.
Weight is the most useful expression of the productivity of a plant community or an individual
species. The terminology associated with vegetation biomass is normally related to production. It
has a direct relationship to forage units for grazing animals that other measurements do not have.
It indicates the amount of energy flow through the ecological system and represents the total
quantity of organic material produced within a given period by vegetation (Society for Range
Management 1998; Technical Note 190-PM-76 “Rangeland Vegetation Measurements™).
Addressing and managing plant productivity and health is one of the main resource concerns for
NRCS in conservation planning on grazing lands.

B. Production is determined by estimating the annual aboveground growth of vegetation and is
valuable for comparing different ecological sites or states within a state-and-transition model in an
ESD. Production data by species help characterize the site and provide information on potential
resource concerns with structure and composition of the plant community, supply information on
useable forage for livestock, and can help evaluate habitat for wildlife needs. Production and
composition in an area are influenced by soils, topography, climate, weather, ecological site,
fertilization, cultivation history, grazing history, irrigation, and other natural and human-caused
activities.

C. Production data should be obtained at a time of year when measurements are valid for
comparison with similar data from other years, other sites, and various conditions being
evaluated. Timing in collecting production data is an important factor influencing results, as some
growth is used by insects and rodents, some is lost to weathering, affected by recent weather
conditions, or the data are taken early in the growing season before full production is reached.
Therefore, these determinations are typically reconstructed to correct for these factors.

D. When considering vegetation data, it is important to understand what vegetation attribute is
being referenced. There are five basic attributes of vegetation that are measured (TN 190-PM-76):

(1) Production
(2) Frequency
(3) Density
(4) Cover

(5) Structure

E. Each vegetation attribute includes different types, sampling techniques, and data interpretation
possibilities. A clear understanding of the variety of types (definitions) is needed to interpret and
compare data. Some definitions of production are included below. Frequency, density, cover, and
structure are described in more detail under their respective headings later in this subpart. Figure
E-4 shows one method for measuring production.

Figure E-4. Production techniques involve clipping, weighing and plot frames at some point to
directly measure, correct estimates, or extrapolate data (TN 190-PM-76). Photo credit: Nebraska
Extension Service.
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(1) Gross primary production is the total amount of organic material produced, both
above-ground and below-ground (Coulloudon et al. 1999).

(2) Biomass is the total amount of living plants and animals above and below-ground in
an area at a given time (Society for Range Management 1998).

(3) Standing crop is the amount of plant biomass present above-ground at any given point
in time. It is often modified to include above-ground and below-ground portions and
may further be modified by the descriptors "dead" or "live" to more accurately define
the specific type of biomass (Society for Range Management 1998).

(4) Peak standing crop is the greatest amount of plant biomass above-ground present
during a given year (Coulloudon et al. 1999).

(5) Total Annual Production is all above-ground plant biomass produced during a single
growing year, including woody material and regardless of palatability or accessibility
to grazing animals. Total annual production is expressed in pounds per acre (Ib/ac)
(Herrick et al. 2009).

(6) Total forage production is vegetation production that is palatable and utilized by
herbivores (Coulloudon 1999).

(7) Useable forage production is that amount of total forage production expected to be
used by a type of livestock or wildlife. Different types of herbivores have differences
in what useable forage is to them. Example would be the difference in cattle versus
deer diets.

(8) Allocated forage is the difference of the desired amount of residual material
subtracted from the total forage (Coulloudon 1999).

(9) Browse is the portion of woody plant biomass accessible to herbivores (Coulloudon
1999).

(10) Aboveground Net Primary Production is an indicator of an ecosystem’s ability to
capture solar energy and covert it to organic carbon or biomass. It can be affected by
environmental variability and is typically measured by clipping peak live plant
material.

(11) Net primary production (NPP) is the net increase in plant biomass within a specified
area and time interval. It is the amount of carbon uptake during photosynthesis after
subtracting plant respiration. This measure is an important indicator for studying the
health of plant communities. NPP may change in response to seasonal and drought-
related drying conditions and topography.

F. Definition of production for various kinds of plants:

(1) Herbaceous plants—These plants include grasses (except bamboos), grass-like plants,
and forbs. Annual production includes all above-ground growth of leaves, stems,
inflorescences, and fruits produced in a single year (Habich 2001).

(2) Woody plants
e Deciduous trees, shrubs, half shrubs, and woody vines—Annual production

includes leaves, current twigs, inflorescences, vine elongation, and fruits
produced in a single year (Habich 2001).

e Evergreen trees, shrubs, half-shrubs, and woody vines—Annual production
includes current year leaves (or needles), current twigs, inflorescences, vine
elongation, and fruits produced in a single year (Habich 2001).

e Yucca, agave, nolina, sotol, and saw palmetto—Annual production consists of
new leaves, the amount of enlargement of old leaves, and fruiting stem and fruit
produced in a single year. If current growth is not readily distinguishable,
consider current production as 15 percent of the total green-leaf weight plus the
weight of current fruiting stems and fruit (Habich 2001).

(3) Cacti, Pricklypear, and other pad-forming cacti—Annual production consists of pads,
fruit, and spines produced in a single year plus enlargement of old pads in that year. If
current growth is not readily distinguishable, consider current production as 10
percent of the total weight of pads plus current fruit production (Habich 2001).
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(4) Barrel-type cactus—Consider annual production as five percent of the total weight of
the plant, other than fruit, plus the weight of fruit produced in a single year (Habich
2001).

(5) Cholla-type cactus—If current growth is not readily distinguishable, consider annual
production as 15 percent of the total weight of photosynthetically active tissue plus
the weight of fruit produced in a single year (Habich 2001).

G. Methods for determining production and composition for specific situations. Collecting
production and composition data for ecological site determinations

(1)

2)

Production is one of the characteristics used to describe an ecological site where plant
community productivity and species composition of the plant community are evaluated.
The ESD is the main source of information on rangeland and is used for assessing the
productivity and health, and structure and composition of the plant community during
conservation planning.

The species composition and production amounts in ecological sites are based on the
plant communities that are typical and known to occur. Therefore, interpretations of a
plant community are not limited solely to species that have value for domestic livestock.
For more information on ESDs see Subpart B. For more guidance on sampling for ESD
site development refer to the National Ecological Site Handbook (NESH).

H. Methods for determining plant production and species composition in the field

(1)

2

)

4)

Production and composition of a plant community can be determined by one of the
following ways. All three methods require some adjustment depending on factors like
timing, growth stage, drying and utilization, etc. The method selected depends on the
intended use of the data and circumstances around collecting the data.

(i) estimating a plot

(i) a combination of estimating and harvesting (double sampling) a plot

(iii) harvesting a plot

Some plants are on state lists of threatened, endangered, or otherwise protected species.
Some plants also have harvesting restrictions due to cultural significance in an area.
Regulations concerning these species may conflict with harvesting procedures described.
For example, barrel-type cactus in some states is a protected species, and harvesting is not
allowed. The weight of such plants is to be estimated unless special permission for
harvesting is obtained. Conservationists determining production should be aware of such
plant lists and regulations.

Production and composition data of a plot can be collected by one of the three methods
listed above. However, setting up the transect to collect the plot data is consistent across
the three collection methods. Complete instructions for running a production-composition
transects are found under the Double sampling plot method below.

When estimating or harvesting plants for NRCS, include all parts of all plants within the
quadrat. Include all parts of herbaceous plants and shrubs outside the vertical projection
of the quadrat, as long as the base is within the quadrat. See figure E-8. Other agencies,
such as BLM, may have different protocols for determining plot-based above-ground
vegetation production. Both agency approaches are comparable when adequate plots are
sampled.

I. Estimating

(1)

Weight units—The relationship of weight to volume is not constant. Therefore,

production and composition determinations are based on weight estimates, not on

comparison of relative volumes. The weight unit method is an efficient means of

estimating production and lends itself readily to self-training. This method is based on the

following:

(1) A weight unit is established for each plant species occurring on the area being
examined.
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(i) The size and weight of a unit varies according to the kind of plant (figure E-9). For
example, a unit of 5 to 10 grams is suitable for small grass or forb species. Weight
units for large plants may be several pounds or kilograms (Habich 2001).

(2) Other considerations—length, width, thickness, and number of stems and leaves, ratio of
leaves to stem growth, form, and relative compactness of species (Habich 2001).

(3) The following procedure (exhibit E-1) can be used to establish a weight unit for a species.
A video demonstration of the procedure is available on the Agriculture Research Service-
Jornada Experimental Range website at:
https://www.youtube.com/watch?v=hIgY AEWHUHI or under Plant Production at:
https://jornada.nmsu.edu/monit-assess/training/videos.

Exhibit E-1. How to establish a weight unit for a species (Habich 2001):

Step 1. Decide on a weight unit (in pounds or grams) that is appropriate for the species.

Step 2. Visually select part of a plant, an entire plant, or a group of plants that will most likely equal
this weight.

Step 3. Harvest and weigh the plant material to determine actual weight.
Step 4. Repeat this process until the desired weight unit can be estimated with reasonable accuracy.

Step 5. Maintain proficiency in estimating by periodically harvesting and weighing to check estimates
of production.

The procedure for estimating production and composition of a single plot is:

Step 1. Estimate production by counting the weight units of each species in the plot.
Step 2. Convert weight units for each species to grams or pounds.

Step 3. Harvest and weigh each species to check whether estimates of production are higher or lower
than actual weight for the species from the plot.

Step 4. Compute species composition for the plot based on actual weights to check species
composition estimates.

Step 5. Repeat the process until proficiency in estimating is attained.
Step 6. Periodically repeat the process to maintain proficiency in estimating.

Step 7. Keep the harvested materials, when necessary, for air-drying and weighing to convert from
field (green) weight to air-dry weight.

J. Steps for Conducting an inventory using the Estimating and harvesting method (double
sampling). For more information see Coulloudon et al. 1999.

(1) The double-sampling method is used to make most production and composition
determinations. Whenever feasible, obtain production data from vegetation that has not
been grazed since the beginning of the current growing season. Make determinations near
or shortly after the end of the growing season of the major species and give consideration
to species that mature early in the growing season.

(2) Equipment—The following equipment is needed:

(i) Production form (see figures E-10 and E-11)

(il) Sampling frames or hoops

(iii) One stake: 3/4- or 1-inch angle iron not less than 16 inches long
(iv) Herbage Yield Tables for Trees by Height, DBH, or Canopy
(v) Clippers

(vi) Paper bags

(vii) Kilogram and gram spring-loaded scales with clip

(viii) Tree diameter measuring tape

(ix) Steel post and driver

(x) Oven for drying vegetation

(xi) Air-dry weight conversion tables

(xii) Rubber bands

(xiii) Pin flags
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(xiv) Compass

Step 1—The most important factor in obtaining usable data is selecting representative

areas (critical or key areas) in which to conduct the study. Transects and sampling points

need to be randomly located within the critical or key areas. Determine if the planning
area needs to be stratified or separated out by certain differences such as diverse
vegetation types or condition, different ecological sites, or is influenced by management
changes. Additional stratification criteria are selected where production and composition
information are needed to address a specific resource concern, such as pollinator habitat
or riparian area condition. In conservation planning, a strict statistical randomization
design is not needed. Determine the sample area based on “subjectivity without

preconceived bias.” More information on stratifying can be found in Volume II

Monitoring Manual-Design, Supplementary methods and Interpretation, Herrick et al.

(2009).

Step 2—Verify the soil and ecological site by digging a hole and documenting soil

features on the data collection form (see Subpart B for more instructions). Where more

than one ecological site exists in the planning area, determine the acreage of the major
ecological sites that occupy the largest areas. Collect production data on each major
ecological site and plant community phase in the planning area.

Step 3—Select a randomized transect layout. Numerous layout designs can be used in

different protocols. Several are mentioned here with references. Other systematic

sampling procedures can be used to fit the need during the inventory process.

(i) An example of a linear layout is referenced in Sampling Vegetative Handbook
(Coulloudon et al. 1999) attributes with an example provided here in figure E-5. If a
linear transect is chosen, determine the transect bearing and select a prominent distant
landmark such as a peak, rocky point, etc., that can be used as the transect bearing
point.

(i) The 2021 National Resources Inventory Grazingland Instructions uses the following
production protocol: Herbaceous production quadrats are centered on transect marks
at 12.5, 37.5,62.5, 112.5, and 137.5 feet on the NE/SW and NW/SE transects for the
ESD option. See figure E-6. For the NRI data collection option, herbaceous
production quadrats are centered on marks at 12.5 and 137.5 feet on the NW/SE
transect and 37.5, 62.5 and 112.5 feet on the NE/SW transect. Quadrat size can be
1.92, 4.8, or 9.6 square feet. More information is at:
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/nri/.

(ii1) The Interpreting Indicators of Rangeland Health Version 5 protocol gives an
example of a five-plot minimum random layout where one plot is near the center of
the evaluation/study area and then four plots are established in each quarter of the
evaluation area. To randomly establish the plots in this way, select a random direction
(azimuth) between 0 and 360 degrees and a random number less than 10. In the
middle of the evaluation area, face the random direction and then take steps equal to
the random number less than 10. This will be the starting point for the first production
plot (figure E-7). Place the frame on the ground with the edge against your toe. Next,
select four random bearings within each quarter of the evaluation area (0—90, 91-180,
181-270, and 271-360 degrees) and four random numbers less than 10 to pace along
each bearing starting from plot 1. Make sure the random pace numbers remain within
the evaluation area.
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Figure E-5. Randomized Linear Plot Design.

Figure E-6. Transects and associated production quadrats for the NRI data collection option
(USDA, National resources inventory grazing land on-site data collection, Handbook of
instructions, 2021).
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Example of five annual production plot locations that were selected randomly in an

evaluation/study area (Pellant et al. 2005, 2020).

(6) Step 4—Number of Quadrats. The number of quadrats selected depends on the purpose
for which the estimates are to be used, uniformity of vegetation, and other factors.
Different recommendations are associated with a minimum number of plots needed for
different protocols, but usually a minimum of 5 to 10 plots is selected for data to be used
in determining production. If vegetation is very irregular, and 10 plots will not provide an
adequate sampling, additional plots should be selected. See the estimating required
sample size table at the end of this section for the number of samples required at a percent
probability level.

(1) The size and shape of quadrats must be adapted to the vegetation community to be

(i)

sampled. Plots can be circular, square, or rectangular. The area of a plot can be
expressed in square feet, acres, or square meters. If vegetation is short enough to
allow plot markers to be easily placed, use 1.92-, 2.40-, 4.80-, and 9.60-square foot
plots to determine production in Ibs/acre. The 9.6-square foot plot is generally used in
areas where vegetation density and production are light, generally less than 3,000
Ibs/acre. The smaller plots, especially the 1.92-square foot plot, are satisfactory in
areas of homogeneous, dense vegetation generally greater than 3,000 Ibs/acre like that
occurring in meadows, some pastures, and throughout the plains and prairie regions.
Plots larger than 9.6 square feet should be used where vegetation is very sparse and
heterogeneous.

If the vegetation is very sparse or consists of trees or large shrubs, larger plots must
be used. If the tree or shrub cover is uniform, a 66- by 66-foot plot or 0.1 acre is
suitable. If vegetation is unevenly spaced, a more accurate sample can be obtained by
using a 0.1-acre plot, that is 4.356 feet wide and 1,000 feet long. For statistical
analyses, 10 plots of 0.01 acre are superior to a single 0.1-acre plot. If vegetation is
mixed, two sizes of plots generally are needed. A series of 10 square or rectangular
plots of 0.01 acre and a smaller plot, such as the 9.6-square foot plot nested in a
designated corner of each larger plot, is suitable. The 0.01-acre plot is used for trees
or large shrubs, and the smaller plot for lower growing plants. Weights of the
vegetation from both plots are then converted to pounds per acre. If the plots are
nested, production from both plots must be recorded in the same units of measure.

(7) Step 5S—Mark the location of each study site with a reference point. It is common to take
a GPS reading to be able to go back to the site or upload the information into an
electronic folder or download onto a map.

(8) Step 6—Weight Units. Double sampling requires the establishment of a weight unit for
each species occurring in the study area to be sampled. All weight units are based on
current year’s growth.

Procedures for Establishing Weight Units: Decide on a weight unit that is appropriate
for each species (figure E-9). A weight unit could be an entire plant, a group of
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plants, or an easily identifiable portion of a plant, and can be measured in either

pounds or grams.

e Visually select a representative weight unit.

e Harvest and weigh the plant material to determine the actual weight of the weight
unit.

e Maintain proficiency in estimating by periodically harvesting and weighing to
check estimates of production.

Figure E-8. Example of NRCS approach for estimating annual production in a plot. This
approach includes portions of plants rooted inside the plot that extend outside the plot (circled).
This approach does not include portions of plants rooted outside the plot that overhang inside the
plot (red Xs) (Pellant et al. 2005, 2020).

e Estimating Production of a Single Quadrat:

— Estimate production by counting the weight units of each species in the quadrat.

— Convert weight units for each species to grams or pounds.

— Harvest and weigh each species to check estimate of production.

— Repeat the process until proficiency is attained.

— Periodically repeat the process to maintain proficiency in estimating.

— Keep the harvested material, when necessary, for air-drying and weighing to
convert from green weights to air-dry weights.

e Alternate Method of Establishing Weight Units:

— Decide on a weight unit that is appropriate for each species (figure E-9). A
weight unit could be an entire plant, a group of plants, or an easily identifiable
portion of a plant, and can be measured in either pounds or grams.

— Visually select a representative weight unit.

— Instead of weighing the material, save it by securing it with rubber bands so
portions are not lost.

— Use this as a visual model for comparison at each quadrat in the transect. Record
on the proper forms only the number of weight units. Do not record the
estimated weights.
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— Weigh each weight unit at the conclusion of the transect. Weighing the weight
unit before the conclusion of the transect might influence the weight estimates.
— Convert the weight units on the form to actual weight by multiplying the number
of units by the weight of the unit.
— Harvested weight unit material is not saved for determining air-dry weight
conversion. Air-dry conversions are determined from clipped quadrats.
(9) Step 7—Temporarily mark the quadrat by placing a pin flag next to the quadrat so that it
can be relocated later if this quadrat is selected for clipping. Be sure to flag every quadrat.
(10) Step 8—Estimate and record the weight of each species in the quadrat by means of the

weight-unit method (method selected in Step 6).

(11) Step 9—Continue the transect by establishing additional quadrats according to layout
design selected.

(12) Step 10—After weights have been estimated on all quadrats, select the quadrats to be
harvested.

(1) The quadrats selected should include all or most of the species in the estimated
quadrats. If an important species occurs on some of the estimated quadrats but not on
the harvested quadrats, it can be clipped individually on one or more other quadrats.

(i1)) The number of quadrats harvested depends on the number estimated. At least one
quadrat should be harvested for each seven estimated to adequately correct the
estimates (see table E-1).

Table E-1. Number of Quadrats Harvested per Number Estimated (Coulloudon, TR 1734-4,
1999).

Number of quadrats Minimum Number of
Estimated Quadrats to be Weighed

1-7 1

8-14 2

14-21 3

22-28 4
29-35 5
3642 6

(13) Step 11—Harvest, weigh, and record the weight of each species in the quadrats selected
for harvesting. Harvest all herbaceous plants originating in the quadrat at ground level.
On rangeland, harvest all of the current year’s leaf, twig, and fruit production of woody
plants located in the quadrats. On native pasture and grazable woodland, harvest the
current leaf, twig, and fruit production of woody plants within the plot up to a height of 4
1/2 feet above the ground (Coulloudon 1999).

(14) Step 12—Correct estimated weights by dividing the harvested weight of each species by
the estimated weight for the corresponding species on the harvested quadrats. This factor
is used to correct the estimates for that species in each quadrat. A factor of more than 1.0
indicates that the estimate is too low. A factor lower than 1.0 indicates that the estimate is
too high.

(15) Step 13—Reconstruct values for percent of growth made during the year, and percent of
growth grazed or otherwise lost. Use growth curves from the ecological site description to
reconstruct weights to 100 percent of annual growth values. See the Similarity Index form
for instructions on reconstructing the production of a site.

(16) Step 14—After quadrats are estimated and harvested and correction factors for estimates
are computed, air-dry percentages are determined by air-drying the harvested materials or
by selecting the appropriate factor from an airdry percentage table (Appendix E-D).
Values for each species are then converted to air-dry pounds per acre or kilograms per
hectare for all quadrats.

(17) Step 15—Average weight and percentage composition can then be computed for the
sample area by multiplying the weight by the number of acres within each area to get the
total pounds available. Add the total areas together within an operating unit, for example
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by pasture to calculate total production for that planning area. Use table E-2 to convert

grams to pounds per acre.

Table E-2. Conversion to pounds per acre (# of plots x size = total area).

10x0.96 =9.6ft? multiply grams times 10.0

= pounds per acre

10x1.92 =192t multiply grams times 5.0

pounds per acre

10x2.40 =240t multiply grams times 4.0

pounds per acre

10x4.80 =48.0ft? multiply grams times 2.0

pounds per acre

10x9.60 =96.0 ft? multiply grams times 1.0

pounds per acre

10x96.0 =960.0f> multiply grams times 0.1

pounds per acre

(i) Data Analysis—This technique involves destructive sampling (clipped pots), so
permanent transects or quadrats are not recommended. Since the transects are not
permanently marked, use the appropriate nonpaired test. When comparing more than
two sampling periods, use ANOVA. See table E-3 to estimate the required number of

samples.

(i1) If plant communities consist of a mixture of warm and cool-season species, at least
two determinations may be needed during a single production year. The following

procedure should then be used:

e Select two periods that will yield the best estimate of the growth of most of the

important species.

o At the first determination, estimate and harvest only the species that are mature or

nearly mature.

e At the second determination, select a new set of plots for estimating and

harvesting all other species, but record the data on the same form used for the

first determination.

K. Use the following procedure to estimate the vegetative production and composition of a

conservation planning area:

(1) Determine if the planning area needs to be stratified or separated out by certain

differences such as diverse vegetation types or condition, different ecological sites, or is
influenced by management changes. Additional stratification criteria will be selected
where production and composition information are needed to address a specific resource
concern, such as pollinator habitat or riparian area condition.
(2) Where more than one ecological site exists in the planning area, determine the acreage of
the major ecological sites that occupy the largest areas. Select one of the inventory
methods to estimate the production of each major ecological site and plant community

phase in the planning area.

(3) Estimate or harvest production, in pounds per acre for each of the stratified areas within

the planning unit. See figures E-10 and E-11.

(4) Compute species composition, by weight, of each of the areas from the production data.
(5) Adjust the production and composition values to air dry weight.
(6) Reconstruct values for percent of growth made during the year and percent of growth
grazed or otherwise lost. Use growth curves from the ecological site description to
reconstruct weights to 100 percent of annual growth values (see the Similarity Index form
for instructions on reconstructing the production of a site).
(7) The Estimating required sample size chart in table E-3 provides a method for determining
the number of plots required for an adequate sample or use a minimum plot sample size
feature in vegetation collection systems like the Vegetation Geospatial Data System

(VGS) when available.

(190-645-H, June 2022)

645-E.19



Title 190 — National Range and Pasture Handbook

Figure E-9. Examples of Weight Units.
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Figure E-10. Estimating and harvesting (double sampling) Production Form.
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Figure E-11. Estimating and harvesting (double sampling) Production Form Example.
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Table E-3. Estimating required sample size chart. A preliminary sample of five quadrats (4.8 {t?)
yielded the following weights in grams:

Sample Weight Number of Samples (n) required to estimate the mean within 10% of the
Number: (grams) Sample Mean:
1 200
2 250 95%
3 275 robabilit 14.0
4 300 {)evel' ! .
5 250 )
6 225
; 90%
9 probability 9.0
0 level:
11
12
13 80%
14 probability 5.0
5 level:
16
17
18
19
20
250.0 [| = mean
6 Number of samples (n)
1250.00 Variance of sample x (s)2

L. Harvesting—This method is like the double-sampling method except that all plots are
harvested. The double-sampling procedures for estimating weight by species and the subsequent
correction of estimates do not apply. If the harvesting method is used, selection and harvest of
plots and conversion of harvested weight to air-dry pounds per acre are performed according to
the procedures described for double sampling.

M. Dry-weight rank

(1)

2

The dry-weight rank method determines species composition. It consists of observing
various quadrats and ranking the three species which contribute the most weight in the
quadrat. It is important to establish a photo plot and take both close-up and general view
photographs with this method.

Dry-weight rank results are expressed only as percentage values. The benefit of the
method is that a large number of samples can be obtained very quickly. It also deals with
estimates of production, which allows for better interpretation of the data to make
management decisions. The method is suitable on rangeland, pastureland, and understory
of forest lands with small shrubs. It does not work well on large shrubs and trees
themselves. The dry-weight rank method is described in detail in Sampling Vegetation
Attributes, Interagency Technical Reference 1734-4, 1999.
https://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/stelprdb1044175.pdf.

N. Rising Plate Meters

(1)

The rising plate meter is a commonly used tool for estimating forage mass in pastures
with one to two forage plant species. See figure E-12. This method relies on both plant
height and density. It is a device that consists of a weighted plate that slides over a shaft.
As the meter is placed over forage, the forage is compressed to the point where it supports
the plate. The plate meter measures the compressed height or density of the forage. This
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measurement is correlated with forage bulk density and then converted to dry matter yield
using a calibration equation. The rising plate meter method is more precise than the
pasture ruler but requires a greater investment in both time and money. Calibration of the
plate meter is required for the type of forage to be measured, especially in pastures with
multiple forage species whose yield estimations are influenced by differences in growth
habit and growth rate of the forages. The level of error in measuring forage mass with
rising plate meters can vary widely. Therefore, striving for a calibration error of 10
percent or less of clipped pasture yields is recommended to avoid major miscalculations
in forage budgeting.

Commercial manufacturers of rising plate meters often have instructions for collecting
and using calibration samples to predict pasture dry matter. University extension services
may also have developed conversion factors needed to convert plate meter heights to dry
matter in Ibs/acre for various species. Pastures are usually not uniform, so when
estimating pasture dry matter, the more rising plate meter readings that are taken, the
more accurate the estimate will be. It is recommended to take at least 30 measurements,
or a measurement every few steps while walking through a sample area.

Figure E-12. Rising Plant Meter. Photo credit: The Samuel Roberts Noble Foundation.

)

4)

Using and calibrating a rising plate meter is described in detail in Determining Pasture
Yield from Pennsylvania State University at: https://extension.psu.edu/determining-
pasture-yield.

Video demonstration by the Dairy Farmers of America is available titled Measuring
Pasture with a Rising Plate Meter at: https://www.youtube.com/watch?v=9zp8PRConnM.

O. Pasture Sticks

(1)

2)

)

Pasture rulers or pasture sticks are used to assist in estimating forage yield and provide a
beneficial tool for helping conservation planners and land managers calibrate their visual
estimates and knowledge of pasture production. See figures E-13 and E-14.

Pasture sticks vary from state to state and offer different features for estimating forage
production based on forage type, and dry matter yield for those forages. They are usually
developed in partnership with a university and based on correlation research work of
forage height to dry matter yield. It is important that the correct pasture stick is used for
the area to be sampled.

Grazing sticks look like simple measuring devises but are really a measurement system
(Smith et al. 2010). Most pasture sticks consist of a ruler to measure forage height, a
density meter to estimate stand density, a table to convert density to dry matter yield, and
guidance on start and stop grazing heights for various plant species. Forage height is
observed and recorded by walking through a pasture at a set step or pace interval, usually
25 to 30 depending on the size of the sampling area. Ensuring all spots are measured,
including the height of bare spots as well as areas of dense growth, and are recorded
avoids bias and miscalculated yields. Keeping your eye on the horizon until you land on a
point to sample also helps prevent bias on where to sample.
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(4) The number of observations or estimates needed is dependent upon the size of the

pasture, topography, and uniformity of the forage stand. Adequate sample numbers are

key to obtaining a reliable estimate of production for the area. If pastures have more than

one soil type that exhibits a different pasture state or different forage group, then each of
the soil types should be sampled. Height data is averaged and then divided by the number
of samples. Calibration of the stick through harvest methods will improve the accuracy of

the estimates. General instructions taken from the University of Kentucky’s Using a

Grazing Stick for Pasture Management (Smith 2010) are:

(i) Step 1—Select estimation areas consisting of one soil taxonomic unit. This should be
a benchmark soil or taxonomic unit that is an important component of an ecological
site. Use the stratification guidelines in subpart B for pastures that are not uniform in
soils, ecological site, topography, or forage yield.

(i) Step 2—TIdentify the plant species or mix of plant types for each estimation area.

(ii1) Step 3—Use the ruler to measure forage height. Height is not a measure, but rather
an average of the tallest plants. Spread your hand and lower it onto the canopy. The
average height is measured at the point where you feel very modest resistance from
the plant canopy. Record the height for each sample location in the pasture and then
calculate the average height for the pasture.

(iv) Step 4—Determine density of the forage stand at each location where a height
measurement was obtained by sliding the stick under the grass canopy with the
density meter visible. Count the markings visible and record the density reading.
Stand density is the amount of ground surface covered with standing forage. For the
Kentucky protocol, the goal is to place the pasture into one of three density categories
(<75 percent, 75-90 percent, or > 90 percent). Some sticks have a density-yield chart
on them to obtain the estimated dry matter per inch of height in pounds per acre.

(v) Step 5—Estimate forage dry matter yield per inch for the plant type in the sampling
area by calculating the average stand density for each location and compare to the
density yield table on the stick. For example, in measuring a tall fescue pasture, and
the estimate is that the available forage covers 85 percent of the ground area, this
pasture would be assigned to the middle density category of 75 to 90 percent cover.
According to table E-4, this density rating would be between 150 and 200 Ibs of DM
per acre-inch. Based on the assessment of the stand, assign a yield. The thicker the
stand, the closer the yield will be to the upper end of the range. Since 85 percent is in
the upper end of this density category, 200 1bs of DM per acre-inch would be a good
estimate. If the average stand height is eight inches and the goal is to maintain three
inches of stubble after grazing, available forage equals: 5 inches x 200 Ibs/acre-inch =
1,000 Ibs DM/acre.

(vi) Step 6—Calculate the forage yield of the planning area by adding the estimated
forage yields of each sampling area.

Table E-4. Estimated dry matter yield per acre inch based on density and forage type. (Smith

Density
Forage <75% | 75-90% | >90%
Dry Matter Yield (Ibs)
Tall fescue or orchardgrass 50-150 150-200 200-300
KY Bluegrass 50-100 100-175 175-250
Cool-season grass (clover) 50-125 125-200 200-275
Bermudagrass 100-200 200-300 300—400
Alfalfa 75-150 150-225 225-300
Red clover 75-125 125-175 175-250
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Figure E-13. Estimating Density with a Pasture Stick. Photo Credit: NRCS Churchville,
Maryland.

Figure E-14. Using a pasture stick. Photo credit: NRCS Churchville, Maryland.

(5) Detailed instruction for using and calibrating a pasture stick are described in the
University of Kentucky Cooperative Extension Service publication, Using a Pasture Stick
for Pasture management-AGR-191.
http://www2.ca.uky.edu/agcomm/pubs/agr/agr191/agr191.pdf.

(1) A video demonstration using a pasture stick developed for South Dakota is available
at: https://www.youtube.com/watch?v=c9CylrlqVvl.

(i1) Consult your local Land Grant University or Extension Agent for more localized
information if it has not been developed in your area.

(6) Units of production and conversion factors

All production data are to be expressed as air-dry weight in pounds per acre (Ib/ac).
The field weight must be converted to air-dry weight. This may require drying or the
use of locally developed conversion tables. Conversion tables for metric weights is
listed in table E-5.
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Table E-5. Conversion factors.

To convert | To | Multiply by
Metric units |
Kilogram per hectare Pounds per acre 0.891
Kilograms Pounds 2.2046
Hectares Acres 2.471

English units |
Pounds per acre Kilograms per hectare 1.12

Pounds Kilograms 0.4536

Acres Hectares 0.4047

(7) Converting green weight to air-dry weight
(1) If precise production figures are needed or if air-dry weight percentage figures have

(i)

not been previously determined and included in locally developed tables, retain and
dry enough samples or harvested material to determine air-dry weight percentages.
Tables of the percentage of total weight that is air-dry weight for various types of
plants at different stages of growth are provided in tables E-6 through E-10. These
percentages are based on currently available data and are intended for interim use.
Air-dry weight percentages listed in the tables can be used for other species having
growth characteristics like those of the species listed in the tables. States that have
prepared their own tables of air-dry percentages based on actual field experience
should substitute them for these tables. Local conservationists are encouraged to
develop these tables for local conditions and species. Some interpolation must be
done in the field to determine air-dry percentages for growth stages other than those
listed. Appendix E-D (NRCS Oregon Range Technical Note No. 27 — Dry Weight
Percentages of Selected Oregon Grasses, Grass-likes, Forbs, Vines, Shrubs, and
Trees) provides additional dry weight percentages of selected Oregon plant species.
The relationship of green weight to air-dry weight varies according to such factors as
exposure, amount of shading, time since last rain, and unseasonable dry periods.
Several samples of plant material should be harvested and air-dried each season to
verify the factors shown or to establish factors for local use. Fresh samples should be
brought from the field in paper sacks and kept long enough (usually 10 days) until all
water is lost, and the weight of the sample stabilizes for an accurate final weight.

Table E-6. Percentage of air-dry matter in harvested grass plant material at various stages of

growth.
Before
heading out, | Headed out, Seed ripe; Leaves dry; Apparent
Season Grasses initial boot stage to Leaf tips Stems partly dol:'Ir)nanc
growth to flowering drying Dry (%) y
boot stage (%) (%) (%) .
(%)
wheatgrasses

Perennial
Cool bromes 5 45 60 25 95
Season bluegrasses

Prairie

junegrass
Warm bluestems
Season Tall | Indiangrass 30 45 60 85 95
Grasses switchgrass
Warm Sideoats grama
Season tobosa 40 55 65 90 95
Midgrasses | galleta
Warm
season short Short three- 45 60 80 90 95
grasses awns
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Table E-7. Percentage of air-dry matter in harvested tree material at various stages of

growth.
New leaf
and twig Older and
Trees growth until full-size Green fruit Dry fruit
leaves are green leaves (%) (%)
full size (%)
(%)
Ponderosa pine,
slash pine-
longleaf pine
. Utah juniper
Evergreen coniferous R 45 55 85
ocky
mountain
juniper
Spruce
Live oak 40 55 40 80
Blackjack oak
Deciduous Post oak 40 50 35 85
hickory

Table E-8. Percentage of air-dry matter in harvested shrub material at various stages of

growth.
New leaf and
twig growth Olqer and Green fruit Dry fruit
Shrubs q full-size green N o
until leaves are leaves (%) (%) (%)
full size (%)
big sagebrush
bitterbrush
Evergreen ephedra 55 65 35 85
algerita
gallberry
snowberry
rabbitbrush
Deciduous snakeweed 35 0 30 85
Gambel oak
mesquite
yucca
Yucca and yucca- sotol 55 65 35 85
like plants
saw-palmetto

Table E-9. Percentage of air-dry matter in harvested form material at various stages of

growth.
Initial Flowering e s Leaves
Forbs growth to to seed leaf tips > | dry; stems Dry
flowering maturity dry (%) drying (%)
(%) (%) (%)
violet
waterleaf
Succulent buttercup 15 5 60 90 100
bluebells
Onion, lilies
lupine
lespedeza
Leafy compassplant 20 40 60 90 100
balsamroot
tickclover
phlox
Fibrous leave or mat 30 50 75 90 100
mat eriogonum
pussytoes
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Table E-10. Percentage of air-dry matter in harvested cacti material at various stages of

growth.
Succulents New growth pads Older pads (%) Old growth in dry years (%)
and fruits (%)
Pricklypear and barrel 10 10 15+
cactus
Cholla cactus 20 25 30+

(8) Determining production of tree or large shrub vegetation

(i) Determining production of trees and large shrubs by harvesting portions of stands is
time consuming and impractical for regular field conservation planning procedures.
Research scientists have devised, with some success, methods for calculating the
relationship between current year’s production as it relates to measurements of crown
width or height and basal area. Because of these limitations, it is recommended that
range and pasture management specialists are to use the following procedures in
preparing guides for determining tree and large shrub production values on rangeland
and naturalized pastureland:

Select a few sample trees for each species. Samples should reflect variations in
tree size, form, and spacing.

Determine production through a combination of estimating and harvesting. For
estimates, establish appropriate weight units. These units can be an entire small
tree or a branch or cluster of branches from large trees (see figure E-9).
Determinations from sample trees should include all components of current
year’s production including current twig growth (< % inch). Exclude bark and
wood. Current leaf and twig production can be easily identified for some species.
Field determinations of production can be based on current leaf production only if
data are available to indicate the percentage that various components contribute to
total production. For species requiring two years for fruit maturity, half the
weight of mature fruit represents the current production of fruit.

Expand woody plot estimates to 0.1 acre or larger. Record production for each
tree or large shrub. If the 0.1- or 0.01-acre or the 400-square meter plots are used
in stands of trees, the likelihood of the plot boundary hitting the bole of a tree is
high. Include trees with 50 percent or more of their bole rooted in the plot. List
component species, tree size, aspect, growth forms, number of trees, and density
of the canopy.

Repeat this process for stands of various kinds of trees or large shrubs. Based on
data thus collected, prepare guides that list the approximate annual production of
stands of various kinds of trees or large shrubs (see figures E-15, E-16, and E-17).

(i1) Instructions for use of figures E-15 and E-16 Foliage denseness classes:

Determine yields of juniper and pinyon pine by:

— On 0.1- or 0.01-acre plots selected by random, tally crown diameter per tree

and foliage denseness (sparse, medium, and dense) on each tree. From the
figures, find yield per tree for each tree by crown diameter and foliage denseness
from the proper table (range site) and record this opposite each tree. Add this
column of weights. Multiply by 10 on 0.1-acre plots and by 100 on 0.01-acre
plots. This number is pounds per acre annual yield.

— On 0.1- or 0.01-acre plots selected by random, tally crown diameter and foliage

denseness for each tree. Average the crown diameter for the dense foliage trees;
likewise, for the medium and sparse separately. Find the weight per tree in the
proper tables opposite for average crown diameter and multiply this figure by
the number of trees in the foliage class. Do this for each foliage class. Add the
three figures. Multiply by 10 on the 0.1-acre plots and by 100 on the 0.01-acre
plots to get yield per acre.
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Figure E-15. Foliage denseness classes graphic.
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Figure E-16. Foliage denseness classes for juniper trees.
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Figure E-17. Foliage denseness classes, continued.

645.0506 Density and Frequency

A. Several variables important to grazing land health and trend cannot be quantified using
production data alone; therefore, other techniques must be used to quantify vegetation
characteristics of an area. For instance, density and frequency measurements can be helpful in
attributing the vegetative community within an area of interest. Density is often used to determine
the effects of management practices or vegetation treatments targeting a specific plant. A measure
of the target plant density is taken before and after treatment to determine the degree of control
achieved by the treatment. Frequency records the presence of species in quadrants or plots placed
repeatedly across a stand of vegetation. Frequency reflects the probability of finding a species at
any location in the vegetated area (USDA Landscape Toolbox 2021).

B. Density is the number of individual plants rooted per unit area. Density measurements are
useful where cover varies widely and can provide information important for conservation practice
planning. Choosing a plot size, the number, and placement within the plots is all that is required
for simple density techniques (TN 190-PM-76).
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C. Density measurements are used to determine the establishment success of seedings or for
monitoring specific plant species of concern such as threatened or endangered plants or noxious
weeds. The density of plants that contribute to heavy fuels such as trees and shrubs is important
information when planning for prescribed burns. The lack of continuity of fuels for carrying fire
can also be determined from plant density measurements. With rhizomatous plants, there can be
confusion about how an individual is counted, since a single organism can comprise large areas,
exhibiting multiple stems (TN 190-PM-76).

D. Methods for determining plant density

(1)

2)

3)

Density is the number of individual plants per unit of area. It should only be used to
compare plants of similar life forms, e.g., annuals to annuals, shrubs to shrubs. Two
methods used for determining density are described in Volume 2 of Monitoring Manual
for Grassland, Shrubland and Savannah Ecosystems (Herrick et al. 2009):

(i) quadrat frame

(ii) belt transects

Remote sensing imagery may be useful for determining density of trees. Use the belt
transect method to validate small tree or large shrub density measurements obtained from
remote sensing products.

Density measurements for grasses and forbs are desired in the example shown in figure E-
18. For density, plants are counted within quadrats of a known size. Here, there are seven
grasses in the six 1-m? quadrats, so grasses receive a score of 7/6 or 1.17 plants/m?.
Likewise, there are two forbs in the six quadrats, thus receiving a score of 2/6 or 0.33
plants/m?.

Figure E-18. Density example.

E. Frequency is the ratio between the number of sample units that contain a species and the total
number of sample units. The concept of frequency is only the presence or absence of species in a
specified size of plot. These measurements provide information about the spatial distribution of
different species and is used to help determine if a change in vegetation is occurring. The size of
the plot used has a great influence on the outcome (TN 190-PM-76).
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Choosing the appropriate size for the plot frame is a key variable in making frequency
data meaningful, sensitive to changes, and statistically valid. “Nested” plot techniques
allow for multiple plot sizes in a frame to choose an appropriate size for each species.
Frequency frames may be implemented as paced or measured transects (Coulloudon,
TR 1734-4, 1999). “Rooted” frequency (requiring a plant to be rooted in the frame to
be counted) is one variation in this technique that can affect results (TN 190-PM-76).

F. Methods for Determining Frequency

(1) Frequency methods describe the abundance and distribution of species and is useful as a
baseline in an inventory for detecting changes in a plant community over time. Frequency
is generally expressed as a percentage of the number of times a species is present in a
given number of sampling units.

(2) Frequency methods should not be the only data collected on a site. It should accompany
cover data to assist in later interpretation of changes that may be occurring on the site
through follow-up monitoring. The Rapid method and the Intensive method are both
described in the Monitoring Manual for Grassland, Shrubland and Savanna Ecosystems
Volume II Design, supplementary methods and Interpretation (Herrick et al. 2009)
https://jornada.nmsu.edu/files/Core_Methods.pdf.

(3) A frequency example is shown in figure E-19. A transect is laid out with six 1-m?
quadrats in subsequent years. In year one (left) four of the quadrats contain plants rooted
in the frame, therefore receiving a frequency of 4/6 or 66 percent. In year two (right)
more plants have established, and now five of the quadrats contain target species,
therefore receiving a frequency of 5/6 or 83 percent. With frequency, it does not matter
that there may be multiple target species within the quadrat. Only quadrats containing
target plants are counted (TN-190-PM-76).

Figure E-19. Frequency example.

645.0507 Cover

A. Definitions and differences in terms used for cover.

(1) Cover measurements can be used to quantify ground cover of litter, seedlings,
microphytes (algae, lichen, and moss), and the exposure and condition of the soil surface.
Cover is generally referred to as the percentage of ground surface covered by vegetation
(Coulloudon, TR 1734-4, 1999). Cover is also important from a hydrologic perspective
where the variables of interest might include basal cover of perennial and annual species,
litter, coarse fragments, rills, and foliar and canopy cover above the soil surface.
Collecting vegetation data can be labor intensive and time consuming, even when using
remote sensing technology, because field verification is required to validate remotely
sensed data. Therefore, monitoring environmental change using other non-destructive
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techniques such as cover, or a combination of techniques, such as cover and density, is

often used depending upon the resource information needed.

(2) Numerous concepts and definitions of cover exist. Cover is generally referred to as the
percentage of ground surface covered by vegetation. The resource objective being
measured will determine the definition and type of cover measured (Coulloudon, TR
1734-4, 1999) (see figure E-20).

(i) Vegetative cover, live or dead, is total cover of vegetation on a site.

(ii) Foliar cover is the area of the soil surface covered by the vertical projection of the
aerial portions of plants. Small openings in the canopy are excluded. Essentially, it is
any area of a plant that a raindrop would intercept before hitting the soil surface.

(ii1) Canopy cover is the area of the ground covered by the vertical projection of the
outermost perimeter of the natural spread of plant foliage, either living or dead, that is
still attached to the root. Small openings within the canopy are included. Remote
sensing products measure canopy cover.

(iv) Basal cover is the cross-sectional area of the stem or stems of a plant or of all plants
in a stand that occupy the ground surface.

(v) Ground cover is the cover of all plants, litter, rock, and gravel on a site. This includes
lichens, moss, and biocrusts.

(vi) Bare ground is all land surface not covered by vegetation rock or litter.

(3) This variety of concepts can cause confusion and potential incompatibility between data
sets. To be of value, the same type of cover measurement must be used and documented
for each evaluation of a given experiment or project.

Figure E-20. Illustration of three different cover concepts (Laurie Abbott, NMSU, TN 190-PM-
76).

B. Methods for determining cover

(1) Remote sensing methods—Several remote sensing methods for determining cover are
developing and changing rapidly. Section 645.0501 mentions four methods that can
provide estimates of cover at various scales. The level of detail needed and the purpose
for which the information is to be used will determine which method to select. The
following ground-based methods are used to validate cover data obtained from remote
sensing products.
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(i) Methods for determining canopy cover, foliar cover, basal cover, and bare ground.
(i1) Choosing a technique for cover measurements depends largely on the concept of the
cover that is of interest. Some techniques can record observations for multiple

concepts of cover simultaneously. Cover measurements are usually expressed as a

percentage.

e Techniques that utilize a 2-dimensional plot frame (i.e., Daubenmire)
(Coulloudon, TR 1734-4, 1999) are well suited to record canopy or basal cover
(TN 190-PM-76), as shown in figure E-21.

e Techniques that utilize a linear transect (i.e., line intercept) (Coulloudon, TR
1734-4, 1999) are well suited to record canopy cover (TN 190-PM-76).

e Techniques that utilize points (i.e., line point intercept, step-point) (Coulloudon,
TR 1734-4, 1999) are well suited to record foliar cover (TN 190-PM-76).

e Techniques that record cover gaps (i.e., canopy gap or basal gap intercept)
(Herrick, et al. 2005) observe an inverse of cover for the size and distribution of
areas without vegetation canopy cover (TN 190-PM-76).

e Various techniques have rule sets to deal with issues such as live vs. dead
vegetation, overlapping cover, and proximity to the ground surface. These must
be clearly defined when interpreting and reporting results (TN 190-PM-76).

C. Interpretation—A variety of interpretations can be made from cover data, including plant
community composition (where species specific data is recorded). Cover data are used to inform
several tools and models including wildlife habitat evaluation guides (WHEG), Interpreting
Indicators of Rangeland Health (IIRH), and the Rangeland Hydrology and Erosion Model
(RHEM). For monitoring purposes, trend is implied depending on if the particular species cover is
increasing or decreasing. Basal cover is considered preferable for this purpose because it is less
sensitive to annual weather or growing conditions. However, basal cover should only measure the
live portion of a plant such as a bunch grass, not the former crown that may have died (TN 190-
PM-76).

D. Additional information on Cover can be found in the NRI/AIM protocols.
645.0508 Composition

A. Composition is a calculated attribute rather than one that is directly collected in the field. It is
the proportion of various plant species in relation to the total of a given area. It may be expressed
in terms of relative cover, relative density, or relative weight.

B. Composition has been used to describe ecological sites and to assist in evaluating the
condition of range, pasture, and grazed forest land. Composition can provide information about
plant species of interest such as pollinator plants, threatened or endangered plants, or noxious and
invasive plants. Composition is calculated by dividing the individual value (weight, density,
percent cover) for a species or group of species by the total value of the entire population
(Coulloudon, TR 1734-4, 1999).

C. Comprehensive interpretation of plant production and composition determinations requires
that data be representative of all species having measurable production. Rangeland, pastureland,
and other grazing lands may be used or have potential for use by livestock and wildlife, including
insects such as pollinators, as recreation areas, as a source of certain wood products, for scenic
viewing, and for other soil and water conservation purposes. The value of plant species for
domestic livestock grazing is often not the same as that for wildlife, recreation, beautification, and
watershed protection. The principles and concepts of ecological sites are based on the total plant
community. Therefore, interpretations of a plant community are not limited solely to species that
have value for domestic livestock.

(190-645-H, June 2022)
645-E.36



Title 190 — National Range and Pasture Handbook

Figure E-21. Visual guide to different levels of cover using a 2-dimensional circular frame (TN
190-PM-76).

645.0509 Structure

A. Structure is the vertical and horizontal distribution of vegetation in space, the height and area
occupied by different plants or life forms (and spatial diversity) in a community (Herrick et al.
2005). The concepts of structure include height, area, shape, foliage density, and visual
obstruction. The most common use of structure is for wildlife habitat interpretations (TN 190-PM-
76).

B. Structure techniques, like the Robel Pole (figure E-22), typically measure vegetation in layers
on vertical planes.

C. Measurements generally look at the vertical distribution by either estimating cover of each
layer or by measuring the height of the vegetation (Coulloudon, TR 1734-4, 1999; Herrick et al.
2005; TN 190-PM-76).

D. Some techniques use photo guides to assign foliage density classes.

E. percent visual obstruction and foliage height diversity are examples of interpretations from
structure data. Specific interpretations of wildlife habitat quality for particular species can be
made from structure data (TN 190-PM-76).
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Figure E-22. Using a Robel Pole to measure structure. Photo credit: Lesser Prairie Chicken
Initiative.org.

645.0510 Utilization

A. Utilization data and residual measurements are important in evaluating the effects of grazing
and browsing (Coulloudon, TR 1734-3, 1999).

(1) Utilization measures the percentage of annual herbage production that has been removed.
It is generally the percentage of available forage that has been consumed or destroyed.

(2) The main purpose for determining utilization is to consider whether seasonal or within-
season adjustments are needed in grazing management or stocking rate. Utilization data,
in combination with the phenological growth stage of the plants being grazed, and
weather data are used to make day-to-day adaptive grazing management decisions.

(3) Residual measurement is the determination of herbage material or stubble height left.
Residual measurements and utilization data can be used to: (a) identify use patterns, (b)
help establish cause-and-effects interpretations of range trend data, and (c) aid in
adjusting stocking rates when combined with other monitoring data (Coulloudon, TR
1734-3, 1999).
https://www.blm.gov/sites/blm.gov/files/documents/files/Library BLMTechnicalReferen
cel1734-03.pdf.

B. NRCS does not specify universal utilization standards for grazing use. The concept of “take
half-leave half” has traditionally been a generalization used to make short term grazing
management decisions, but the amount of forage planned for grazing use is site-by-site dependent
upon the plant species being grazed, how much forage is present to begin with, resource
conditions, and objectives set toward meeting a specific plant health productivity goal or site goal.
Utilization data alone do not provide adequate information to determine whether management
actions are meeting management objectives. Targeting a planned utilization level or stubble height
is one way to achieve short-term land management, while cover, frequency or density
measurement can help evaluate long-term management objectives.

C. Determining the actual use of key species in key grazing areas is the first of many factors
considered in assessing baseline grazing management. If the key species and key grazing areas are
correctly selected, it is an indicator of the degree of grazing use for the total plant community.
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Utilization is expressed as a percentage of the proportion of current year’s forage production that
is consumed or destroyed by animals. All methods of determining utilization are estimates, with
most utilization studies using peak standing crop as an estimate of current-year production, which
is always less than total production.

D. Utilization Studies and Residual Measurements (Interagency Technical Reference, 1999)
contains detailed information on the short and long-term use of utilization data, frequency, and
timing of collecting data, various methods for making determinations of utilization for herbaceous
and woody plant species, and instruction for mapping utilization patterns for determining
livestock distribution. NRCS documentation of utilization and stubble height is recorded
electronically through VGS or on hardcopy forms in each state’s FOTG, usually on a Proper
Grazing Use Form, such as pictured in figures E-23 and E-24.

Montana NRCS has put together a short video on the importance of rangeland utilization
monitoring and the benefits to ranching operations. The video can be accessed at:
https://www.youtube.com/watch?v=t1 ktrC6S09c&list=UUIMKAToX5kCtp9KCnX2BF
g&index=0.

E. Methods for determining utilization of key plant species

(1) Utilization Cages—Weight comparisons of grazed versus ungrazed plants within a grazed
area using utilization cages offer an opportunity to visually observe and quantitatively
measure the seasonal level of grazing use. Ungrazed plants of key species occurring
within movable exclosures, located in key grazing areas, are clipped and weighed at the
end of the grazing season within the grazed area. The weight of these plants is then
compared with that of grazed plants of the key species clipped outside the exclosure.
Figure E-25 is an example of an exclosure.

(i) There are several cage types, including:

e Enclosure—one to more than 25 acres to test grazing systems.

e Exclosure—smaller plots to measure recovery rates or natural trends.

e Seasonally Protected—an exclosure within the enclosure plot where various
management systems are applied to represent multiple kinds of animals due to
their preference and seasonal use of different forage and browse plants.

(i1) Sizes: Because of construction and maintenance costs, exclosures are inherently
limited in size. Small exclosures are susceptible to site-specific peculiarities of litter
accumulation and fence effects. The interior of a small exclosure is more likely to be
influenced by its surroundings, so exclosures should be large enough that the area
inside the fence can potentially develop along an independent trajectory from the area
outside. This is important for the type of animals that might influence herbage
removal. Exclosures, at a minimum, should be large enough so that several normal
sized plants of the species of interest can be observed.

o The minimum size needed to effectively capture natural variation can vary
according to ecological circumstances and therefore present a challenge when
sites are very heterogeneous. Size of utilization exclosures is generally not as
complex on pasturelands.
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Figure E-23. Standard Proper Grazing Use Form.
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Proper Grazing Use Directions
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Figure E-24. Proper Grazing Use Form Example.

Farvaeyr joe
Cooperator e
Planned
Percent
Utilization or | Applied Utilization or Stubble Height
Species of Stubble
Grazing Grazing Season(s) of Location of Key Height of Key
Unit/Field Animal Use Grazing Area Key Species Species 20 17 20 20 20
1 Cattle Spring (coordinates) pubescent wheatgrass 6" 7"
2 Cattle Spring, Sum, Fall Near Transect 1 bluebunch wheatgrass 35% 30%
green needlegrass 35% 35%
3 Cattle Spring, Sum, Fall | 1/2 mi N of reservoir western wheatgrass 50% 40%
Initials of
Conservationist -
Assisting w/ -
Cooperator -- Name and Date Application
Sunnlg Bay 5/1/16e Datesof[
Application| -~
NRCS Conservationist Assisting with Planning -- Name and Date Checks
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Figure E-25. 8-foot x 8-foot Grazing Exclosure. Photo credit: Brenda Simpson, National Grazing
Land Team.

(iii) Uses:

e Exclosure terminology, placement, size, maintenance, monitoring data,
monitoring study design, and documentation are all parts of a plan to deploy an
exclosure. The objective is to provide a comparison of the amount of herbage left
compared with the amount of herbage produced during a time period. Regular,
repeated monitoring is needed to account for inter-annual variation attributable to
precipitation and growing conditions. Monitoring schedules should also be
consistent with respect to seasonal variation in livestock and wildlife use.

e [Exclosures are flexible range management tools that can trigger management
decisions and be used to inform:

— Relatively short-term evaluation of herbivore influence on range productivity
and composition.

— Relatively moderate-term monitoring of trends and changes in plant community
phases or state transitions.

— Relatively long-term identification of the normal range of variation
characteristic of natural plant communities.

e (Cage movement should be based on the objectives of what is being monitored.
Many times, annual movement is recommended to reduce the side effects of the
cage itself and to better reflect only the effects of removing grazing for that
current year.

e Limitations:

— Exclosures are tools to manage the use of vegetation by certain types of animals
— a dynamic ecological process. A tool intended to control a constantly changing
process will need constant attention and adjustment.

— A reliable monitoring program is characterized by a set of representative
monitoring sites, consistent data collection methodology, committed time,
funding, and frequent evaluation.

— Objectivity is required to recognize the difficulties of field sampling due to the
many variables encountered on rangeland. The more elements present, the
greater the chance for variation in the vegetation.

— Cages used to protect plants from grazing can affect growth, usually positively,
by altering microclimate, addition of nutrients by birds perching on the cage, or
other factors (Owensby 1969; Fults 2017).

— Cages can also reduce wind speed and insolation by 10—20 percent, create more
stable and generally higher relative humidity, and in most instances, reduce
temperature, particularly during periods of high insolation.
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— Even if a large number of paired exclosures are selected (grazing versus no
grazing), the error of estimation could be significantly high if the vegetation is
non-uniform.

— Plant responses to protection can be negative. Tueller and Tower (1979) and
Fults (2017) found that within two years of exclosure, bitterbrush significantly
reduced production of browse, leaves and fruit (from stagnation). Other studies
have noted a reduction in nutritional values such as decline in crude protein of
plants inside the cage (Fults 2017).

e Placements:

— Cages should be rigid and strongly set in locations of general grazing pressure. If
cages are going to be moved annually, they need to be built with mobility in
mind.

— They should be constructed or placed away from other structures, roads,
watering points, and travel paths. Many times, exclosures will be placed in key
grazing areas.

— Reasons to leave cages for more than one growing season include monitoring for
plant diversity and potential viable seed sources within the soil bank (Fults
2017).

e Use in Grazing Management Plans:

— Exclosure cages help determine utilization at the end of the grazing or growing
season. The analysis considers whether to increase or decrease stocking during
the next grazing season. Exclosures help measure the degree of use of the key
forage species during the next grazing season. Monitoring exclosures can help
meet the basic management objective to remove no more than 50 percent (by
weight) of the current year’s growth or some other desired percent (Fults 2017).

— An approach to fine tuning a grazing management plan is to use multiple
exclusion cages, placing one cage on a representative location at the beginning
of the growing or grazing season. Place the second on a similar location but add
a clipping treatment to remove standing vegetative growth. This results in a
uniform beginning height. Be sure not to clip so close to the ground that the
growing points are harmed. The first cage allows a comparison of overall
differences between utilized and dormant. The second cage allows comparison
of growth and vigor under use and non-use conditions (Fults 2017).

e Another method for gathering comparison grazed data is to do a step transect
measuring the height of key species plants that are grazed, then compare this to
the heights in the protected exclosure cages. Develop a height-weight relationship
by:

— Sample several ungrazed key species of normal size or similar number of culms.

— Clip the plant to within % inch of the ground. Wrap the clipped plant with thread
from base to top to retain all leaves and culms.

— Measure heights of clipped plants to the nearest inch and determine the average
height and average weight.

— Clip the top inch, weigh plant, record and repeat at one-inch intervals until the
last inch of the plant base is reached.

— Determine the average height-weight relationship.

— Measure the key species height inside of the exclosure and compare to key
species outside the exclosure. A step transect outside of the exclosure can
provide an average of the key species in the grazed area.

— Key species height (ht.) utilization = (species ht. inside exclosure) — (species ht.
outside the exclosure) / species ht. inside exclosure X 100%.

-- Example: 16 inches (inside) — 5 inches (outside)/16 inches X 100 = 68.75%
of height.

-- Convert height to weight and use the same formula for key species weight
utilization (Fults 2017).
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— An abbreviated procedure that gives a strong visual guide is to balance the
clipped and wrapped ungrazed plant on your finger to determine the stubble
heigh at 50 percent, then further estimation can be made from that point. See
figure E-26.

Figure E-26. Balancing 50 percent by weight using your finger. Photo credit: Shane Green,
NRCS National Grazingland Team.

(2) Use of grazed-class photo guides

(1) In some locations, series of photographs illustrating various degrees of grazing use,
expressed in percentage by weight, are available for some plant species. Guides based
on actual clipping and weighing of plants of the key species provide a relatively
simple and rapid means of determining approximate grazing use. These guides are
helpful in illustrating how plant weight is not evenly distributed throughout the height
of any given plant species.

(i1) Photo guides should be used only in the locality where they are prepared and only for
the plant species specifically appraised. The procedure is to visually compare a series
of plants of the key species with photographs illustrating various degrees of plant use,
and to tally the number of plants occurring in each grazed class. Extremes in growing
condition must be considered when using photo guides. See figure E-27 for example.

Figure E-27. Grazed Class Photo Guides (Kingery et al. 1992).

(3) Stubble heights — stop grazing heights — residual heights needed

(i) The concept of this method is to measure stubble height, or height (in centimeters or
inches) of herbage left ungrazed at any given time. This method would be used after
stubble height standards for specific plant communities have been developed
(Colloudon 1999). It can be used when minimum residual herbaceous heights help
address or prevent a resource concern. As an example, a stubble height of four inches
might be specified to provide streambank protection, to trap sediments in a certain
area, and rebuild degraded stream channels in riparian areas. Another example would
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be that minimum stubble heights are needed on bunch grasses to help ensure nesting
habitat requirements for ground-nesting birds are available.

(i) Stubble height is expressed in inches and can be correlated to production on pasture
sticks. Accuracy in stubble height measurement is affected by plant community
characteristics. Sites with inconsistent plant composition and varying palatability can
make stubble height measurements and interpretation of data difficult. For these
reasons, stubble height measurements should focus on key plant species, or species
groups. Stubble height should be recorded and averaged by key species, not averaged
across multiple species. Averaging or grouping the data should only be done among
species with relatively similar growth forms.

(ii1) Enough stubble height measurements should be collected to reflect grazing use
variability across the extent of the sampling area. Select species groups, where
appropriate, to reduce the total sampling requirements or increase precision within a
given sample number.

(iv) Follow the methods described in Utilization Studies and Residual Measurements,
Interagency Technical Reference, 1999, for procedural instructions on obtaining
utilization data. Further guidance may be found in state technical notes and Land
Grant University publications.

(4) Utilization Gauges

(1) Utilization gauges developed by the US Forest Service primarily in the Southwestern
Region (R-3) provide height-weight relationships to help land managers better
determine utilization. The gauge was developed from height-weight curves for forage
species within the southwest region. See figure E-28.

(i1) The gauge is easily portable and is easily read and understood by landowners. The
ungrazed height is set at the top of the dial, the grazed height is read across the dial,
and the percent utilization is read in the window by species (Aldon et al. 1984). Clip
and weigh procedures should periodically occur to validate the reliability of the gauge
for the region it is being used in.

Figure E-28. US Forest Service Utilization Gauge. Photo credit: Monte Topmiller, NRCS Range
Specialist.

(5) Ocular estimates of percentage grazed
Qualified conservationists who are trained and experienced in making actual weight
comparisons of grazed versus ungrazed plants can make ocular estimates of the
percentage removal of key species in a key grazing area. If this method is used, it is
important to demonstrate the actual weight procedure to the cooperator on one or
more gazing units.
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J. Determining utilization of browse plants

(1) The degree of utilization of current growth of browse plants is an important factor needed
for properly planning and managing land for use by wildlife or livestock. However,
utilization of browse has seasonal limitations during the early part of the growing season
or before current use has taken place on seasonal range. Several other indicators are also
of value in appraising the general trend in production of a stand of browse plants. These
indicators often reveal more about the stand than current utilization alone. These can be
observed and interpreted at any time of the year. These indicators include:

(1) Age classes of key plant species—Age class is probably the most important single
factor in judging trend in a stand of browse plants. If all plants are mature, the stand is
not maintaining itself and will thin out as older plants die. The presence of adequate
numbers of seedlings and young plants of the key species is indicative of a healthy,
self-perpetuating stand. Browse plants generally do not reproduce every year,
resulting in pulses of several age classes represented in a healthy stand. Animals
usually prefer seedlings and young plants. Consequently, a degree of use for mature
plants often results in overutilization of younger plants. Each age class needs separate
degrees of use to judge proper utilization.

(i1) Evidence of hedging of the key plant species—The degree of hedging reflects past
use and the productive ability of browse plants. Moderate hedging may be desirable
for some species because it stimulates growth and keeps plants from growing out of
reach of animals. Severe hedging results in the death of many branches and, if
continued for a long time, may cause death of entire plants. If only a single year’s
growth extends beyond old-hedged contours, recent use has been heavy. Parts of two
or more years’ growth beyond old-hedged contours suggest that browsing pressure
has recently been reduced and that trend is upward.

(iii) Use of plant growth more than one year old—When overall utilization is heavy,
browsing animals often consume parts of plants that are older than the current growth.
Continued use of older growth results in rapid decline and death of plants.

(iv) Evidence of browse lines—If a browse line is apparent, plant growth within reach of
animals has declined. Very distinct browse lines indicate that plants have already
grown beyond the reach of animals. Such plants may be vigorous and productive
because of unused growth above reach of animals, but they produce little or no
available forage.

(v) Presence of dead twigs and branches—Some mortality of plant parts is normal, but
excessive amounts of dead or weak limbs, branches, twigs, or even entire plants
indicate that past use was too heavy and that the stand is deteriorating.

(vi) Relative size of plant parts—Light pruning or browsing often stimulates growth of
leaves and sprouts to more than normal size. Continued heavy use, however, results in
small and weak leaves, twigs, and fruiting stems. Repeated heavy use of sprouts
gradually reduces their size. If properly used, species of root-sprouting ability
produce sprouts following fire or other disturbances. However, weakened plants do
not. Overutilization reduces or eliminates fruit and seed production.

(vii) Significant use of low-preference species—Plants of low preference are ordinarily
lightly used unless species of higher preference are not available or have been too
heavily used. If significant use is made of a species that animals ordinarily use
sparingly or not at all, the key species is being abused.

(viii) Amount of reproduction of low-preference species—Excessive reproduction of a
low preference species generally indicates that the key species has declined to the
extent that it is unable to compete with other plants.

(ix) Condition of animals—The physical condition and reproductive ability of wildlife or
livestock reflect the amount and quality of plants available for forage. This indicator
is not infallible because animals may remain in good condition for a while, even on
seriously abused ranges, if succulent growth is available. Also, supplemental feeding
of animals often masks the effect of inadequate natural forage supplies.
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(2) None of the indicators, by itself, is a completely reliable indicator of the overall
utilization of the plant community. All evidence must be carefully evaluated as a basis for
determining needed adjustments in management or stocking and for determining needed
harvest of browsing animals.

(3) The Browse Resource Evaluation worksheet (see figure E-29) can be used for judging
composition, trend, and utilization of the browse plant resource. Figures E-30 and E-31
illustrate how to use the worksheet. Figure E-30 records the determination of trend and
records utilization during the next three fall and winter seasons. Figure E-31 illustrates the
same location following a prescribed burn. The change in trend is recorded, and
utilization will be recorded at the appropriate time.

K. Utilization mapping to determine grazing animal distribution

(1) Utilization is seldom uniform on rangeland, pastureland, and grazed forest land.
Utilization patterns may result from factors such as topography, distance from water,
supplementation areas, locations of shade and shelter, as well as animal preferences for
plant species in specific locations. These factors cause grazing animals to either
concentrate or distribute themselves over an area in a pattern that can change seasonally
or remain the same from season to season.

(2) The installation of facilitating practices such as fences and providing shade and watering
sources, along with managed grazing and strategic locations of salt and supplemental feed
and livestock herding are the main NRCS conservation practices planned and installed to
manipulate livestock distribution. Develop a utilization pattern map for those planning
areas where livestock distribution may be a management concern before installation of
these facilitating practices. Use GIS tools to delineate ecological sites, areas of steep
topography and other barriers to the grazing animal and distance to water sources. See
Subpart F Management of Grazing Lands for more information.

L. Regrowth following utilization

Regrowth is plant growth that occurs following grazing. Residual measurements are
based on the amount of forage used at a point in time and is independent of annual
production. The term utilization refers to the amount of forage use annually (the entire
season). Residual measurements recorded for various periods of use during the year
cannot be added together to get utilization for the entire year.; i.e., 30 percent utilization
of 6 inches of plant growth available in the spring, and 30 percent utilization of 12 inches
of plant growth in the fall do not add up to 60 percent utilization for the year.

645.0511 Assessments

A. Field assessments on range and pastureland are integral steps in USDA-NRCS conservation
planning and in National Resource Inventory (NRI) Field Studies. The science and the tools for
assessing both range and pastureland continue to evolve and are necessary for NRCS planning
and National Resource Inventory activities to describe land condition, health, and the
functionality of ecological processes.

B. Conservation planning assistance to rangeland owners and managers should include the use of
assessment tools, as well as incorporating professional judgment that is based on experience and
knowledge of the rangeland ecosystems. For more information on NRCS conservation planning,
see Subpart D of this handbook and the National Planning Procedures Handbook.
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Figure E-29. Browse Resource Evaluation worksheet.
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Figure E-30. Completed Browse Resource Evaluation worksheet showing trend and utilization.
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Figure E-31. Completed Browse Resource Evaluation worksheet showing change in trend at
same site as used in Example 1.

C. Use on Rangelands

(1) Ecological sites on rangeland are evaluated with the client during the collection and
analysis phase of the planning process so that a greater level of understanding of the
rangeland resource can be achieved by both the NRCS employee and the client. The
inventory process and evaluations of ecological sites on a grazing unit provide the
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opportunity to work with the client to identify resource concerns and sources, as well as
opportunities to maintain or improve the land, and increase the knowledge level of the
client. Ecological Site Descriptions can be found in the Ecosystem Dynamics Interpretive
Tool (EDIT), and more information on ESDs can be found in Subpart B.

(2) A rangeland ecological site may be assessed in at least three distinct, but associated ways:
Trend, Similarity Index, and Interpreting Indicators of Rangeland Health. Although the
three methods are associated, they are not interchangeable. These assessments and ratings
cannot be extrapolated from one to the other. These three assessment tools evaluate the
rangeland site from different perspectives and are not necessarily correlated.

645.0512 Trend

A. Trend is a rating of the direction of change that may be occurring on a site. The plant
community and the associated components of the ecosystem may be either moving toward or
away from the reference plant community or some other desired plant community or vegetation
state, rangeland trend, or planned trend, respectively. At times, it can be difficult to determine the
direction of change. See Subpart B for more information on Ecological Sites and State-and-
transition models.

B. The kind of trend (rangeland trend or planned trend) being evaluated must be specified. Trend
is an important tool used in the NRCS planning process and is significant when planning the
use, management, and treatment needed to maintain or improve the resource. Trend is a tool used
in the national resources concern list and planning criteria. This rating indicates the direction of
change in the plant community on a site. It provides information necessary for the operational
level of management to ensure that the direction of change will enhance the site and meet the
objectives of the manager. The present plant community is a result of a sustained trend over a
period of time and should be considered when making grazing management decisions.

(1) Rangeland trend is defined as the direction of change in the present on-site plant
community relative to the reference state in an ESD state-and-transition model. It is only
applicable on rangelands that have ecological site descriptions identifying the reference
plant community. It can be determined as apparent trend or measured trend. Apparent
trend is a point in time determination of the direction of change. Measured trend requires
measurements of the trend indicators over a period of time. Rangeland trend can be
monitored on all rangeland ecological sites. It is described as:

(1) Toward — moving towards the reference or top state of the plant community
(i1) Not apparent — no change detectable
(i) Away from — moving away from the reference or top state of the plant community

(2) Planned trend is defined as the change in plant composition within an ecological site from
one plant community type to another relative to management objectives. The desired plant
community should be stable and provide protection to the soil, water, air, plant, and
animal resources (SWAPA). It is described as:

(i) Positive — moving towards the desired plant community or objective
(i1) Not apparent — change not detectable
(ii1) Negative — moving away from the desired plant community or objective

(3) Planned trend provides feedback to the manager and grazing land specialist about how
well the grazing management plan is working on a site-by-site basis. It can provide an
early opportunity to make adjustments in stocking rates, timing, duration, and frequency
of grazing. Planned trend can be monitored on all native and naturalized grazing land
plant communities. It may also be determined on any ecological site where a plant
community other than the reference plant community is the desired objective, but where
SWAPA resource concerns are also met.

C. Attributes for determining trend

(1) The relative importance of the factors used in trend analysis vary in accordance with
differences in vegetation, soils, and climate. Evaluating any one of these factors on an
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ecological site may indicate whether the plant community is improving or declining. A
more accurate evaluation of trend, however, can be ascertained if all or several of the
factors are considered in their proper relation to each other. Figure E-32 is a worksheet
for determining range and planned trend.

Invading undesirable plants—Native plant communities evolve within their environment

and slowly change over time as environmental factors change. Major short-term changes

in the plant composition, however, do not normally occur unless induced by significant
disturbances. These disturbances include but are not limited to heavy continuous grazing
by livestock, severe or prolonged drought, abnormally high precipitation, exotic species
invasion, or unnatural burning frequencies.

(1) If the plant community is changing as a result of heavy grazing, the perennial species
are most sensitive to damage by grazing decrease. This may lead to a relative increase
in species of lower forage value or successional stages, or both. When improved
management occurs in areas where the plant cover has been severely depleted,
increases in low-quality plants may indicate improvement since these plants may be
the first to respond and re-establish.

(i1)) When disturbances that caused a decline in the plant community are removed, the
present plant community may respond in one of several ways. It may appear to
remain in a steady or static state that is departed from the reference plant state, or it
may transition along pathways leading to one of several identifiable plant
communities including those in the reference state

(ii1) Original species that have declined in abundance because of past misuse will often
increase over time. For this to occur, seed or vegetative parts must still be available,
growing conditions must be similar (soil profile, hydrologic characteristics,
microclimate), and space for re-establishment must be available and not have been
displaced by other species such as exotic annual and perennial grasses, forbs, shrubs,
or trees.

(iv) Once established, certain woody and other long-lived perennial plants may persist
and may require high energy expenditures, such as prescribed burning, herbicide
application, mechanical treatment, or other applications of supporting practices to
restore a more desired state or reference plant community.

(v) Invasive plants on the site indicate a major change in the plant community. Some
invaders, particularly annuals, however, may flourish temporarily in favorable years,
even when the existing plant community may be moving towards management
objectives. A significant, though temporary, increase in annuals and short-lived
perennials may also occur during a series of wet years even though the general trend
is toward the desired objectives.

(vi) Changes in species composition from one plant community type to another generally
follow a pattern. Although all changes in amounts of species on a site are not always
predictable, general successional patterns for specific sites, plant species, climates
and rangeland use often can be predicted. These successional changes in plant
composition are usually not linear and vary because of localized climatic history and
past use patterns.

Seedlings and young desired plants—Changes in a plant community depend mainly on

successful reproduction of the individual species within the community. Evidence of this

reproduction can be by young seedlings, plants of various ages, and tillers, rhizomes, and
stolons. The extent to which any of these types of reproduction occurs varies according to
the growth habits of the individual species, site characteristics, current growing
conditions, and the plant’s use. In some plant communities, reproduction is often largely
vegetative, so the mere absence of seedlings does not always indicate a change in plant
community. A significant number of seedlings and young plants of species indigenous to
the site, however, usually indicates a positive trend. Variation in seedling recruitment
resulting from abnormal weather patterns should be recognized.

Plant residues and litter—The extent to which plant residue accumulates depends

primarily on the production level of the plant community, the amount of plant growth
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removed by grazing, haying, fire, insects, wind or water, and the decomposition rate of
the plant biomass on the site. In hot and humid climates, the rate of decomposition of
plant residue may be so great that little or no net accumulation occurs. Conversely, in cold
climates decomposition is generally slow. When using plant residue to judge trend in
plant communities, careful consideration should be given to the level of accumulation that
can be expected for the specific ecological site, plant species, and climate.
Excessive grazing, below-normal production, recent fires, and abnormal losses caused
by wind or water erosion may result in an accumulation of plant residue below what
is considered reasonable for the site. In the absence of these factors, progressive
accumulation of plant residue generally indicates positive changes in the plant
community. Residue may accumulate rapidly for some kinds of plants, especially
woody species or annuals. When the amount characteristic for the reference plant
community is exceeded, such accumulations of residue are not necessarily an
indication of an improving plant community.

Vigor of desired key plants is reflected primarily by the size of a plant and its parts in

relation to its age and the environment in which it is growing. Many plants that form

bunches or tufts when vigorous may assume a sod form if their vigor is reduced. Length

of rhizomes or stolons is also a good indication of the vigor of a parent plant, as these

parts are usually fewer and shorter if a plant is in a weakened status. Periodic drought is

common in many rangeland environments and will lower the apparent vigor and annual

productivity of ecological sites, while often retaining the current plant community.
Cryptogamic plants like mosses, lichens and ferns develop new growth during
favorable periods that add to the total structure and biomass of the plant community.
When considerable amounts of live cryptogamic material are destroyed, several years
may be required for these plants to fully replace lost tissue.

Soil factors—Unfavorable conditions of the soil surface may significantly affect trend.

Compaction, splash erosion, and crusting may occur if plants or plant residue are lacking

on the soil surface.

(i) Compaction and crusting impede water intake, inhibit seedling establishment and
vegetation propagation, and increases soil surface temperature. These conditions
often increase rates of water runoff and soil loss, reduce effective soil moisture, and
generally result in unfavorable plant, soil, and water relationships. Improvement in
the plant cover following good management is delayed if such soil conditions exist.
Bare ground, soil crusting, stone cover, compaction from trampling, plant
hummocking, or soil movement may indicate a negative trend in a plant community.

(i) These soil indicators, however, can sometimes be misleading as they can also occur
naturally under certain circumstances. For example, plant hummocking is natural on
silty soil sites that are subject to frost heave. Other sites do not support a complete
plant cover. Bare ground crusting, rock fragments on the soil surface, and localized
soil movement may be normal for the site. Even when induced by misuse, the soil
surface trend indicators are not nearly as sensitive as those changes in the plant cover.
For information on normal characteristics of a site, see the appropriate correlated
Ecological Site Description.
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Figure E-32. Trend Determinations.
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645.0513 Section Reserved for Similarity Index.
645.0514 Interpreting Indicators of Rangeland Health Assessments

A. The following section is a review of some of the main concepts of the Interpreting Indicator of
Rangeland Health Assessments Tool (IIRH)(Technical Reference 1734-6, Version 5) for
information. To use the IIRH assessment, you must refer to the IIRH Technical Reference itself
for complete instructions. TR 1734-6 can be found at:
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/landuse/rangepasture/range/?cid=ste
Iprdb1068410 or Interpreting Indicators of Rangeland Health v5 — Landscape Toolbox.

Note: Consistent assessments require precisely following the guidance in the Technical
Reference. Wherever it provides different or more complete information, the official guidance is
the Technical Reference.

B. The ability to assess rangelands consistently between scientists, landowners, and agency
personnel, and in terms that the public can understand, is important. Identifying functioning and
non-functioning ecological processes and resource concerns needs to be communicated in
common and recognizable terms (Pellant et al. 2005, 2020). Interpreting Indicators of Rangeland
Health (IIRH) is a qualitative assessment that provides a relatively rapid technique to rate three
attributes of ecological processes, including biotic integrity, soil/site stability, and hydrologic
functioning. Seventeen observable indicators are assessed separately and are used to develop the
score collectively for the three attribute level ratings (table E-19).

Table E-19. Attributes with Indicators

Soil/Site Stability Hydrologic Function Biotic Integrity
1. Rills 12. Functional/Structural Groups
2. Water Flow Patterns 13. Dead or Dying Plants or Plant
Parts
3. Pedestals and/or Terracettes 15. Annual Production
4. Bare Ground 16. Invasive Plants
5.Gullies
6. Wind-Scoured and/or 14. Litter Cover and Depth
Depositional Areas
10. Effects of Plant Community 17. Vigor with an Emphasis on
7. Litter Movement Composition and Distribution on Reproductive Capability of
Infiltration Perennial Plants

8. Soil Surface Resistance to Erosion

9. Soil Surface Loss and Degradation

11. Compaction Layer

C. Rangeland Health has been defined by an interagency committee as “The degree to which the
integrity of the soil, vegetation, water, and air, as well as the ecological processes of the rangeland
ecosystem are balanced and sustained. They defined integrity to mean maintenance of the
functional attributes characteristic of a locale, including normal variability.”

D. The IIRH procedure was developed to be used by individuals who are experienced and
knowledgeable with the protocol, either through formal training or working with those who have
training and experience. This procedure requires a solid understanding of ecological processes,
vegetation, and soils for each of the sites where it is applied. The protocol is designed to be used
within the context of landscape classification systems, such as ecological sites or an equivalent
unit, and be used with an appropriate reference sheet describing the natural range of variability for
the 17 indicators at a given site. [IRH relies on the use of a qualitative (non-measurement)
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procedure to assess the functional status of each indicator to provide a preliminary evaluation of
the three attributes of rangeland health (Pellant et al. 2005, 2020).

E. The purpose and intended application of the IIRH is to provide guidance in making range
health assessments. The IIRH tool is designed to:

(1) Be used within the context of a landscape classification system, such as ecological sites or
equivalent units.

(2) Be used with an appropriate reference sheet describing the natural disturbance regime
within the natural range of variability for the 17 indicators at a given site.

(3) Beused only by people who are knowledgeable and experienced with the protocol and
the ecological system being evaluated (including formal training or working closely with
others who have training and experience).

(4) Provide a preliminary evaluation of the three attributes of rangeland health (soil/site
stability, hydrologic function, and biotic integrity) at an evaluation area by rating all 17
indicators and considering them in the attribute rating step of the assessment.

(5) Be used to communicate fundamental ecological concepts to a wide variety of audiences.

(6) Improve communication by focusing discussion on critical ecosystem properties and
processes.

(7) Assist in identifying monitoring priorities and selecting monitoring sites.

(8) Assist land managers in identifying areas that are at risk of degradation and where
resource problems or management opportunities currently exist.

(9) Be used as a tool for prioritizing landscapes for potential types of restoration (Pyke 2011;
Pyke et al. 2018).

F. The IIRH tool is not to be used to:

(1) Identify the cause(s) of resource problems.

(2) Make grazing and other management decisions.

(3) Monitor land or determine trend.

(4) Independently generate national or regional assessments of rangeland health.

G. Training is available for NRCS staff through the AgLearn “Interpreting Indicators of
Rangeland Health” web-based course and through the AglLearn in-person “Interpreting Indicators
of Rangeland Health” course. Interested individuals outside the NRCS agency may have
opportunities for training through partnering agencies and organizations like the National Grazing
Land Coalition and instructional videos on the Jornada Website https://jornada.nmsu.edu/monit-
assess/manuals/assessment.

H. The Interpreting Indicators of Rangeland Health Technical Reference 1734-6 Version 5,
complete with all instructions, can be found at:

https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/landuse/rangepasture/range/?cid=ste
lprdb1068410.

I. NRCS Use:

(1) NRCS uses the IIRH Assessment in helping decide where resource concerns are found on
rangelands. Since the tool’s purpose is to help provide a qualitative analysis of ecological
processes, it is a suitable assessment tool to delineate thresholds where resource concerns
within the biotic integrity, the soils/site stability, and hydrologic function of a site exist.
NRCS considers a resource concern as a resource condition that does not meet minimum
acceptable levels as established by resource planning criteria in section III of the Field
Office Technical Guide and the National Resource Concern List and Planning Criteria
document (NRCS 2020).

(2) A resource concern implies degradation of the soil, water, air, plant, animal, or energy
resource base to the extent that sustainability or the intended use of the resource is
impaired. Planning criteria is a quantitative or qualitative statement of the minimum level
of treatment required to address a given resource concern and may be assessed using
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specific tools or through client and planner observation (NRCS 2020). For rangelands, the
IIRH assessment is used to set planning criteria thresholds for multiple resource concerns.

J. Attributes of Rangeland Health—The final product of this qualitative assessment is not a single
rating but an assessment of the three attributes. The three attributes are defined as:

(1) Soil/site stability—the capacity of an area to limit redistribution and loss of soil resources
(including nutrients and organic matter) by wind and water and recover this capacity
when a reduction does occur.

(2) Hydrologic function—the capacity of an area to capture, store, and safely release water
from rainfall, run-on, and snowmelt (where relevant), to resist a reduction in this capacity,
and to recover this capacity when a reduction does occur.

(3) Biotic integrity—the capacity of the biotic community to support ecological processes
within the natural range of variability expected for the site, to resist a loss in the capacity
to support these processes, and to recover this capacity when losses do occur. The biotic
community includes plants (vascular and nonvascular), animals, insects, and
microorganisms occurring both above and below the ground (IIRH 2020).

K. Each of these three attributes is summarized at the end of the evaluation form (figures E-43
and E-44) based on a preponderance of evidence approach, using the applicable indicators. An
example of the preponderance of evidence is in part where the majority of indicators for each
attribute fall. For example, if four of the soil/site stability indicators are in “moderate” and six are
in “slight to moderate,” the departure for the soil/site stability attribute would be rated as “slight
to moderate” assuming that the interpretation of knowledge of ecological site properties,
processes, and other information and local knowledge support the rating (Pellant et al. 2005,
2020).There are cases however when some indicators need to be weighted more heavily in the
decision of the attribute rating.

L. “Weighting” or placing more value on specific indicator(s) may be appropriate and allowable
in some cases. For example, if several of the four indicators that were rated “moderate” are
particularly important to this site, a “moderate” rating for the entire attribute can be supported
(Pellant et al. 2005, 2020). Critical indicators such as functional structural groups, invasive plants
and vigor with an emphasis on reproductive capability of perennial plants are indicators that could
be important to “weight”. For example, on a site that has several invasive plant species trending
towards dominating the area, the impact of these species on the native plant composition and
future integrity of the site would warrant weighting these indicators (USDA-NRCS NGLT 2022).
Conversely, when an indicator has a “none to slight” rating due to the indicator having a low
possibility of occurrence to the site, then that indicator may be given a lower weight for the final
attribute score. For example, rills developing in a playa may be nearly impossible to occur, as rills
rarely form in these bottomland positions, so a “none to slight” rating may be assigned, but a
lower weighting or consideration of the rill indicator may be appropriate in the final attribute
score (Pellant et al. 2005, 2020).\

M. It is important that the assessor complete the field notes section on the evaluation form
(figures E-43 and E-44) for all indicators and specifically document why the process is modified
to fit specific cases.

N. There are also cases when additional indicators to the standard 17 indicators are appropriate.
These 17 are not meant to be all inclusive for all rangelands. The indicators of the protocol should
always be evaluated, but in cases where additional indicators may add to or improve sensitivity in
detecting changes to the attributes, they are appropriate to use and should be ranked (Pellent et al.
2005, 2020).

O. Optional indicators must significantly improve the quality of the evaluation by providing
additional information about ecological function of the system and site being evaluated and must
be relative to at least one of the three attributes (Pellant et al. 2005, 2020). For example, a
biological soil crust indicator may be applied in ecological sites where these crusts play a
particularly important biological or physical role (see figure E-40) (e.g., nitrogen fixation or soil
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stabilization). A generic evaluation matrix example for this optional indicator is shown here in
table E-20. Other examples of additional indicators could be native plant diversity and pollinator
forb species (with more examples in the [IRH Technical Note). Also, weigh the benefits of
maintaining a consistent protocol against the expected improvement in the assessment when using
optional indicators. Coordinate the development of optional indicators with the NRCS State range
management specialist (Pellant et all, 2005, 2020).

Figure E-40. Biological soil crust-El Morro National Monument-photo credit Brenda Simpson,
National Grazingland Team.

Table E-20. Generic descriptors of the five departure categories for the optional indicator of
biological soil crusts.

Optional Extreme to Moderate to Slight to .
Inl(’licator Total Extreme RIoHERSIS Mo’(;ierate ANEICUDRI
Biological Soil | Occurring only | Largely absent | Occurring in Occurring Largely intact
Crusts in protected in plant protected areas | throughout the | and nearly
areas; very interspaces; and with a site but matches site
limited suite of | occurring minor continuity is potential.
life forms. mostly in component in | broken.
protected interspaces.
areas.

P. Evaluating rangeland health ecological attributes

(1) The attributes represent a suite of interrelated ecological properties such as species
composition and processes like the water cycle (the capture, storage and redistribution of
precipitation), energy flow (conversion of sunlight to plant and then animal matter), and
the nutrient cycle (the cycle of nutrients through the physical and biotic components of
the environment).

(2) Due to complexity of ecological processes and their interrelationships, direct measures
are usually not feasible. However, observable biological and physical components can be
used as indicators of the functional status of these processes. These three attributes are
rated with five possible categories which describe the degree of departure from conditions
described in the reference sheet. See table E-21.
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Table E-21. The three attributes of rangeland health and the rating categories for each

attribute.

Soil/Site Stability (SSS) Hydrologic Function (HF) Biotic Integrity (BI)
Attribute ratings are based upon departure from ecological site descriptions in these categories
Extreme to Moderate to Moderate Slight to moderate | None to slight
Total Extreme

(3) Evaluations of rangeland health ecological attributes must be able to distinguish between

4)

)

changes that are within the natural range of variability and those that are outside the
natural range of variability of the ecological site (ES). The natural range of variability is
defined as the deviation of characteristics of biotic communities and their environment
that can be expected given natural variability in climate and natural disturbance regimes.
The natural disturbance regime describes the kind, frequency, and intensity of natural
disturbance events that would have occurred on an ecological site prior to European
influence (ca.1600) (Winthers et al. 2005; Pellant et al. 2005, 2020).

Natural disturbances include, but are not limited to, native insect outbreak, wildfires,
native wildlife activities (herbivory, burrowing, etc.) and weather cycles including
extremes like drought, wet periods, varying temperatures, snow, and wind events.

The natural range of variability does not include influences of nonnative plant or animal
species and also does not encompass soil degradation, such as accelerated erosion,
organic matter loss, changes in nutrient availability, or soil structure degradation, beyond
what would be expected (Pellant et al. 2005, 2020).

(6) The ecological site description (ESD) provides the standard from which indicators will be

evaluated. All attributes, both measured and observed, must be compared to the attributes
as described in the ecological site description reference sheet. The relative importance of
the attributes is site dependent, and values and degree of variability for each attribute may
be different from site to site. To the extent possible, the natural range of variability and
types and sources of spatial and temporal variability should be described for each
indicator in the reference sheet (table E-22).

Q. Indicators

Ecological processes are difficult to observe or measure in the field because most
rangeland ecosystems are complex. Indicators are components of a system whose
characteristics (presence or absence, quantity, distribution) are used as an index of an
attribute (three rangeland health attributes: SSS, HF or BI) that is too difficult,
inconvenient, or expensive to measure. There is no one indicator of ecosystem health.
Instead, a suite of key indicators is used for the assessment (Karr 1992). Just as the Dow
Jones Index is used to gauge the strength of the stock market, different combinations of
the 17 indicators are used to gauge the attributes of soil/site stability, hydrologic function,
and biotic integrity (table E-22). For each indicator, the same five departure descriptors
are used to describe what is seen on the site, based upon departure from the ecological site
description: None to Slight, Slight to Moderate, Moderate, Moderate to Extreme, and
Extreme to Total (Pellant et al. 2005, 2020).

R. Evaluation Area

(1)

2

The rangeland health evaluation is site specific using the rangeland ecological site
description reference sheet as the standard for comparison. The evaluation area (area of
interest) should be large enough to include the natural variability associated with each
ecological site being assessed. Interest in an evaluation area may be based on concerns
about current conditions, lack of information on conditions, or public perceptions of
conditions (Pellant et al. 2005, 2020).

When selecting the IIRH evaluation areas, it is important to consider how the resulting
assessments may be combined to evaluate the condition of a larger landscape. Properly
developed sample designs that incorporate randomized site selection and meet specific
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assessment objectives can allow assessment results to be extrapolated across larger
landscape units (e.g., management unit, watershed, ecoregion). This can help identify
areas where management actions may potentially have the greatest impact (Pellant et al.
2005, 2020).

(3) Timing is also a factor in planning assessments. Although IIRH is a point-in-time, it
should be conducted when the indicators are accessible and readily observed. During, or
soon after the growing season, is generally the optimal time to conduct an assessment.
Knowledge of local phenology patterns can assist evaluators in conducting the assessment
when plant species are still recognizable (e.g., forbs) and their potential for reproduction
can be rated. See the flowchart in figure E-41 from the IIRH Technical note on steps to
completing a IIRH assessment (Pellant et al. 2005, 2020).

Figure E-41. Flowchart for completing an assessment of rangeland health using the IIRH
protocol.

(4) Upon arrival at the location, the evaluator(s) should use observations of landscape
position and soil profile characteristics to determine the ES. Assessments are conducted
on an ecological site basis, so it is preferable to select evaluation areas that do not
encompass more than one ecological site. If there are small components of other ES
within the evaluation area, do not include them in the assessment; or if more than one
major ES occurs in an evaluation area, complete a separate assessment for each site
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(Pellant et al. 2005, 2020). It is advisable to spend some time walking the site to become
familiar with the plant species, soil surface features, and the variability of the area.

It is important that the correct ESD is used for the site. Soil surveys provide the
foundation for describing and mapping ecological sites. The Web Soil Survey tool
provides soils and ESD identification with the use of the Area of Interest tool:
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx. After an Area of
Interest is identified, the tool can attribute the area with soil map delineations and
correlated ES. Note that there may be multiple correlated ecological sites to a soil map
unit because ESs are correlated at the soil map unit component scale. Although the tool
provides valuable information, all data should be verified on-site in the field. See Subpart
B for instructions on identifying an ecological site on an evaluation area and for
describing and hand-texturing soils on a site.

An I[IRH assessment cannot be completed without a reference sheet, and a reference sheet
cannot be generated without an ES or equivalent unit with which it is associated. See
Appendix 7 in the IIRH Technical Reference to help determine whether an IIRH
assessment can be completed. If not, complete a protocol called “Describing Indicators of
Rangeland Health” or DIRH to document information on the soil profile and the current
status of [IRH indicators (Herrick et al. 2019; IIRH 2020). Instructions for completing the
DIRH protocol are found in Appendix 7 of the IIRH Technical Reference.

The DIRH protocol is designed to be used in two ways. First, where the DIRH protocol is
completed on what are believed to be relatively undegraded lands based on other evidence
(e.g., knowledge of historic disturbance regimes), data from similar intact locations in the
same ecological site can be combined and used to help develop or revise the reference
sheet. Second, DIRH data can be collected on land with no known reference, regardless of
its level of degradation, and then used at a later date to support completion of an IIRH
assessment after a reference sheet has been developed. For more information on using the
DIRH protocol see the [IRH Technical Reference at:
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/landuse/rangepasture/range/
?cid=stelprdb1068410.

S. Ecological Site Description Reference Sheets

(1)

2

The reference sheet describes the range of expected spatial and temporal variability of
each indicator within the natural disturbance regime based on the ES (or equivalent unit)
and is required to conduct an I[IRH assessment. Reference sheets are part of most ESDs. If
a reference sheet is not available, one must be developed using the directions and the
checklist in Appendix la in the Interpreting Indicators of Rangeland Health Technical
Reference (TR) 1734-6 Version 5, also found in Subpart B.

Before developing or revising a reference sheet, refer to the EDIT (Ecosystem Dynamics
Interpretive Tool) website: https://edit.jornada.nmsu.edu/ and contact the NRCS State
rangeland management specialist to determine if there is a reference sheet developed.
Complete instructions on developing a reference sheet are in Appendix 1a of the [IRH TR
1734-6. Table E-22 and E-23 shows a correctly populated reference sheet.

(190-645-H, June 2022)
645-E.63


https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/landuse/rangepasture/range/?cid=stelprdb1068410
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/landuse/rangepasture/range/?cid=stelprdb1068410
https://edit.jornada.nmsu.edu/

Title 190 — National Range and Pasture Handbook

Table E-22. Example of a completed reference sheet for ecological site RO10XY019ID.

Ecological Site Name: Loamy 12"-16" p.z. Ecological site code: RO10XYO01ID
Author(s)/participant(s): J. Thompson

Contact for lead author: stateRMS@nrcs.gov (555) 555-1234

Composition based on (check one): [ Cover [ ] Annual Production

Metadata storage location:  Contact lead author or NRCS Idaho state conservationist’s office

Indicators. For each indicator, describe the potential for the site using the reference sheet checklist.
Where possible, (1) use quantitative measurements; (2) include expected range of values for above- and
below-average years and natural disturbance regimes for each community phase within the reference
state, when appropriate; and (3) cite data sources used. Continue descriptions on separate sheet.

1. Rills: Rills are not expected on this site, except 1-2 years after wildfire or multiyear droughts.
Following these events, shallow rills < I m in length may develop on slopes > 10 percent.

2. Water flow patterns: Water flow patterns rarely occur on this site on slopes < 5 percent. On slopes >
5 percent, narrow (< 12”), short (1-5’ long), and disconnected water flow patterns may occur
following high precipitation storms, affecting < 20 percent of the site. Water flow patterns
occurring on > 5 percent slopes may nearly double in length, width, and connectivity for 1-3 years
following wildfire or after multiyear droughts.

3. Pedestals and/or terracettes: Neither pedestals nor terracettes are expected to occur on slopes < 10
percent, except for 1-2 years following wildfires or multiyear droughts. Occasional pedestals may
occur around bunchgrasses in shrub interspaces on slopes > 10 percent in association with water
flow patterns.

4. Bare ground: Bare ground ranges from 15-20 percent. Bare ground patches should be small (< 12”
diameter) and not connected. Bare ground may increase to as much as 30 percent 1-3 years after
wildfire, and bare soil patches may be up to 24” in diameter. Animal activity (burrows and ant
mounds) may occasionally result in isolated bare patches up to 5’ in diameter.

5. Gullies: Gullies do not occur on this site.

6. Wind-scoured and/or depositional areas: Wind-scoured areas do not occur on this site. Occasionally,
thin, isolated soil deposits may be observed under shrubs, affecting < 5 percent of the site.

7. Litter movement: On slopes < 5 percent, fine litter is expected to move less than 6”, and coarse litter
does not move. On slopes > 5 percent, as much as half of the fine litter falling in the interspaces
may move up to 127, but coarse litter generally does not move. Litter accumulations, if any, are
small and usually occur at the bases of perennial bunchgrasses in the shrub interspaces on slopes >
5 percent. Litter dams are not expected.

8. Soil surface resistance to erosion: Stability class ratings from the soil stability test should be > 4.5
overall, with ratings of 4 or greater in the interspaces and 5 or greater under perennial plant canopy.
Finer textured soils within this ecological site are expected to have overall ratings of > 5. Soil
stability may temporarily decline up to 1 category following wildfire, due to decreases in biotic soil
crusts and organic matter.

9. Soil surface loss and degradation: The surface horizon (A) should be 6-10” (roots growing
throughout) with a moderate, very fine granular structure and a diversity of soil pores throughout.
The subsurface (B) horizon is friable; structure is medium subangular blocky. The surface (A)
horizon color is 7.5YR 3/2 (moist), and the subsurface (B) horizon color is 10YR 4/3 (moist).

10. Effects of plant community composition and distribution on infiltration: Deep-rooted perennial
bunchgrasses are dominant, nonsprouting shrubs are subdominant, and perennial forbs are a minor
component. Following wildfire (1-5 years), deep-rooted perennial grasses dominate, with a
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subdominant component of perennial forbs. For the first year following wildfire or a multiyear
drought, infiltration will be slightly reduced due to lack of ground cover. After 1 year following the
preceding disturbances, deep-rooted perennial bunchgrasses and shrubs are again distributed evenly
to provide sufficient ground cover to catch snow and increase infiltration. These processes are
particularly important on slopes > 10 percent, where runoff has the potential to increase in the
absence of well-distributed perennial grasses

11.

Compaction layer: No compaction layers occur naturally on this site. No natural soil features that
may be confused with a compaction layer occur on this site.

12.

Functional/structural groups: The site is dominated by perennial grasses and nonsprouting shrubs,
depending on the time since fire. Nonsprouting shrubs may become dominant 15-30 years post-
fire. Following wildfire, nonsprouting shrubs are greatly reduced, and perennial forbs become a
subdominant component. Expected diversity of perennial forbs is higher at the upper end of the
precipitation range for this site (> 5 species). The expected fire return interval across which the
three phases develop is 15-30 years.

13.

Dead or dying plants or plant parts: A few (< 10 percent) dead centers naturally occur in
bunchgrasses and will increase to 15 percent following a multiyear drought. Nonsprouting shrubs
may have up to 10 percent dead branches as plants age, usually occurring in community phase 1.1.
Sagebrush may have a large increase in dead branches with moderate mortality in patches up to 3
acres as a result of Aroga moth infestation.

14.

Litter cover and depth: Total litter cover is expected to be 20-30 percent and at a depth of 0.25-0.5
inches under shrubs and < 0.1 inches under grass canopy. Litter may be reduced to 10-20 percent
in cover and near zero depth for 1-2 years following wildfire or multiyear drought.

15.

Annual production: Annual production is 1,100 pounds per acre in a year with normal precipitation
and temperatures. Low and high production years should yield 850 and 1,400 pounds per acre,
respectively. Annual production may be reduced by 40—-60 percent the first year following a
wildfire or following a multiyear drought. Annual production may increase for 3—6 years following
wildfire due to perennial bunchgrass response.

16.

Invasive plants: Western juniper, cheatgrass, medusahead, spotted knapweed, and rush
skeletonweed. Western juniper may occur in trace amounts in community 1.3 but has the potential
to increase to a subdominant or dominant in the absence of wildfire and act as an invasive on this
site. Other than western juniper, the listed invasives are not expected to occur in the reference state.
The site has increased susceptibility to invasion by rush skeletonweed, spotted knapweed, and
exotic annual grasses following wildfire.

17.

Vigor with an emphasis on reproductive capability of perennial plants: Plants in all
functional/structural groups should be capable of reproducing annually under normal weather
conditions. Vigorous mature cool-season, deep-rooted perennial grasses typically have a basal
diameter of > 10 cm. Vigor and reproductive capability may be somewhat reduced during drought
or for 1 year following a wildfire. At least 50 percent of plants should still have reproductive
capability during droughts that last 1-2 years
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Table E-23. Example Indicator 12 Functional/Structural Groups for ecological site
RO10XYO019ID.

Relative Dominance of F/S Groups for Community Phases in the Reference State
Dominance Minimum expected number of species for dominant and subdominant groups is
Categoryl included in parentheses.
Dominance based onl: Annual Production X or Foliar Cover
Phase 1.1 Phase 1.2 Phase 1.3
(5-15 years post-fire) (1-5 years post-fire) (15-30+ years post-fire)
Dominant Cool-season, deep-rooted Cool-season, deep-rooted Nonsprouting shrubs (2)
perennial bunchgrasses (4) | perennial bunchgrasses (4)
Subdominant None Perennial forbs (3) Cool-season, deep-
rooted perennial
bunchgrasses (4)
Nonsprouting shrubs; Sprouting shrubs; cool- Perennial forbs; cool-
Minor sprouting shrubs; cool- season, shallow-rooted season, shallow-rooted
season, shallow-rooted perennial bunchgrasses perennial bunchgrasses;
perennial bunchgrasses biological soil crusts'
Trace Perennial forbs; biological | Nonsprouting shrubs; Sprouting shrubs;
soil crusts! biological soil crusts! evergreen trees?

! Biological soil crust dominance is determined based on cover, rather than production. If biological soil
crusts are an expected dominant or subdominant group, the number of expected life forms (e.g., lichen,
moss) is listed, rather than number of individual species.

2 May not occur on the site.

T. Obtain an Evaluation Matrix

(1)

2)

The matrix is required to conduct an IIRH assessment. The matrix provides general
descriptions of key characteristics and degrees of departure, forming a relative scale from
“none to slight” to “extreme to total” departure for each of the 17 indicators. The
descriptor for “none to slight” comes from the reference sheet and reflects the effects of
the natural disturbance regime and natural range of variability of each indicator in the
reference state (Pellant et al. 2005, 2020).

See the IIRH Technical Reference, Version 5, Appendix 2 for a generic evaluation matrix
and in table E-25 in this subpart. The generic evaluation matrix can be used to conduct an
IIRH assessment using the ecological site classification system (ecological site
descriptions and appropriate reference information are available). But it is strongly
recommended to obtain or develop an ecological site-specific evaluation matrix because it
can more accurately describe the possible range of variation for each indicator compared
to the generic evaluation matrix. Instructions for developing a specific site evaluation
matrix are included in Appendix 2 of the IIRH Technical Reference (Pellant et al. 2005,
2020).

U. Collect Supplemental Information

Supplemental information improves an evaluator’s ability to conduct an informed and
accurate assessment. Local knowledge is a valuable source of this supplemental information
which includes:

(1)
2)

recent weather (required), including precipitation for the past two years
land treatments and disturbance history (required)

(3) information about wildlife, livestock, recreation, or other uses (recommended)
(4) photographs of the evaluation area (strongly recommended)
(5) quantitative data to help train evaluators in rating some indicators and support

assessments (strongly recommended, see table E-24 in this subpart; table 5 in the IIRH
Technical Reference)
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Table E-24. Selected indicators of rangeland health and associated measurement methods that

are commonly used to collect related quantitative indicator values.

Rangeland Health
Indicator

Measurement Method!

Quantitative Indicator Value

Bare ground (indicator 4)

Line point intercept

Bare ground percent

Gap intercept

Size of intercanopy or basal gaps

Soil surface resistance to
erosion (indicator 8)

Soil stability test

Soil surface stability values

Effects of plant
community composition
and distribution on
infiltration (indicator 10)

Production by species’

Functional/structural group
composition by weight

Line point intercept

Functional/structural group
composition by cover

Functional/structural
groups (indicator 12)

Line point intercept

Functional/structural group
composition by cover

Production by species?

Functional/structural group
composition by weight

Dead or dying plants or
plant parts (indicator 13)

Line point intercept

Proportion of dead plants or plant
parts intercepted

Belt transect

Proportion or density of dead or
dying plants

Litter cover and depth
(indicator 14)

Line point intercept

Litter cover

Annual production
(indicator 15)

Total harvest?
Weight units?

Total annual production

Invasive plants (indicator
16)

Production by species?

Invasive plant composition by
weight

Line point intercept

Cover of invasive species

Belt transect

Density of invasive plants

! Core methods are bold.

2 Note that the protocol outlined in Appendix 8 provides a measurement of total annual production. Refer to
subpart E 645.0502.F for protocols to determine species composition by weight.

V. Rate the 17 Indicators

(1)

2

)

The recommended protocol to conduct an IIRH assessment is for the evaluator(s) to
complete a general reconnaissance of the evaluation area to determine how much
variability exists for each indicator on the site. This enables the evaluator(s) to become
familiar with the plant species, relative dominance of functional/structural groups, soil
surface features, rangeland health indicators, and variability associated with the
ecological site in the evaluation area. When completing the IIRH protocol as an
interdisciplinary team, indicators are rated using a consensus approach (Pellant et al.
2005, 2020).

The reference sheet describes the range of expected spatial and temporal variability for
each indicator within the natural disturbance regime for an ES. The rating of each
indicator in the evaluation area is based on that indicator’s degree of departure from the
“none to slight” category, which is taken from the appropriate reference sheet. When
indicator conditions match the description for the reference, the indicator is rated “none to
slight” (Pellant et al. 2005, 2020).

Refer to the evaluation matrix or ecological site-specific evaluation matrix (if available)
to determine which descriptor best describes the departure from the “none to slight”
descriptor and enter that rating on the evaluation form (figures E-43 and E-44). The
narrative descriptors for each indicator form a relative scale from “none to slight” to
“extreme to total” departure. The evaluation matrix often includes several short sentences
describing characteristics of the departure of an indicator. Not all indicator departure
descriptors will match indicator conditions observed in the evaluation area, particularly
when using the generic evaluation matrix. Evaluators should select the departure rating
for which the majority of the descriptors best describe the departure of the indicator (e.g.,
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use a “best fit” approach) while strongly considering those descriptors that fall in greater
departure rating categories (see IIRH Technical Reference Table 6). Each indicator rating
should be supported with comments in the spaces provided on the evaluation form
(figures E-43 and E-44) (Pellant et al. 2005, 2020).
Short descriptions of each of the 17 indicators taken from the Technical Reference
(Pellant et al. 2005, 2020) are included here for information, but it is critical to read and
refer to the [IRH Technical Reference to get all the instructions, photos, and examples on
running the protocol correctly.
The Technical Reference can be assessed here:
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/landuse/rangepasture/ra
nge/?cid=stelprdb1068410.
e Rills (Indicator 1)
Rills are small, intermittent watercourses with steep sides, usually only several
centimeters deep (SSSA 1997). They are generally linear erosion features that
mostly run parallel to the slope. For most soils and ecological sites, the potential
for rill formation increases as the degree of disturbance (loss of cover) and slope
increases. Rills usually end at a concentrated water flow pattern, a terracette, or
an area where the slope flattens, and deposition occurs. Rills may connect into a
drainage and erosion network on some sites, but for most sites, rills will not be
connected.
e  Water Flow Patterns (Indicator 2)
Water flow patterns are the paths that water takes as it moves across the soil
surface during periods when surface water from rain or snowmelt exceeds soil
infiltration capacity. This process is commonly referred to as sheetflow or
overland flow. Water flow patterns follow the natural microtopography of the
landscape. These patterns are generally evidenced by litter, soil or gravel
redistribution, or pedestalling of vegetation or stones that break or divert the
flow of water (Morgan 1986). Length, width, and number of water flow patterns
are influenced by the number and kinds of obstructions to water flow provided
by basal intercepts of living or dead plants, biological soil crusts, persistent
litter, or rocks. They may be continuous or appear and disappear as the slope,
perennial plant density, and microtopography change.
o Pedestals and/or Terracettes (Indicator 3)

— Pedestals indicate the movement of soil by water or wind from the base of plants
or from around rocks or persistent litter, giving them the appearance of being
elevated. Accelerated erosion is likely to be occurring on a site when the number
of pedestals is more than what is defined as expected for the site in the reference
state (within the natural disturbance regime). In some cases, plant roots may be
exposed due to this accelerated erosional process.

— Terracettes are “benches” of sediment deposition that form behind or between
obstacles, such as rocks, plant bases, or large litter, when soil and other materials
are redistributed by water movement. As the degree of soil movement by water
increases, terracettes may become more numerous, and the area of soil
deposition becomes larger. The relatively higher elevation of the soil on the
upslope side of a terracette is an indication of soil deposition by moving water or
of soil erosion below the terracette.

e Bare Ground (Indicator 4)
Bare ground is exposed mineral soil not covered by vegetation (live or dead and
basal and canopy cover), gravel/rock, visible biological soil crusts, or litter.
These ground surface cover materials intercept raindrops, reduce soil particle
detachment (raindrop splash erosion), and reduce soil movement by water and
wind (Weltz et al. 1998; Pellant et al. 2020).

e Gullies (Indicator 5)
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Gullies are well-defined channels cut into the soil by ephemeral water flow that
normally follow natural drainage channels. Gullies can develop from enlarged
rills; however, gully formation may be much more complex and usually involves
an interrelationship between the: (1) volume, speed, and type of runoff; (2)
susceptibility of the soil to erosion; and (3) changes in ground cover caused by
inappropriate land uses and treatments (Morgan et al. 1997; Pellant et al. 2020).
e  Wind Scoured and/or Depositional Areas (Indicator 6)
Wind-scoured areas, including blowouts, are formed as finer particles of the
topsoil are blown away, sometimes leaving residual gravel, rock, or exposed
roots on the soil surface (Anderson 1974). Blowouts are defined as “a hollow or
depression of the land surface, which is generally saucer or trough-shaped,
formed by wind erosion, especially in an area of shifting sand, loose soil, or
where vegetation is disturbed or destroyed” (SSSA 1997). Blowouts are
included within the following discussion of wind-scoured areas and within the
assessment of this indicator. Depositional areas are locations where windblown
soil accumulates; the deposited soil may originate from either on- or offsite. Soil
deposition due to water movement is not included when assessing this indicator.
e Litter Movement (Indicator 7)

— Litter is the uppermost layer of organic debris on the soil surface — essentially
the freshly fallen or slightly decomposed vegetal material (SRM 1999). In this
technical reference, litter includes dead plant material, including leaves, stems,
and branches, that are detached from the plant. Duff (dead plant material that is
decomposed so that leaves, stems, and branches are difficult to recognize) is not
included in the litter movement indicator.

— Litter movement refers to the change in location of litter due to water or wind.
The distance, amount, and size of litter being moved are signs of the extent to
which water or wind erosion may be occurring.

e Soil Surface Resistance to Erosion (Indicator 8)

— This indicator assesses the resistance of the soil surface to erosion by water.
Resistance depends on soil stability and on the spatial variability in soil stability
relative to vegetation and microtopographic features (Morgan 1986). Soil
surfaces may be stabilized by: (1) soil organic matter that has been fully
incorporated into aggregates at the soil surface; (2) adhesion of decomposing
organic matter to the soil surface; and (3) biological soil crusts (Wills et al.
2017).

— The presence of one or more of these factors is a positive indicator of soil
surface resistance to erosion (Blackburn et al. 1992; Pierson et al. 1994). Soil
texture (especially clay content and sand size) and clay mineralogy affect
potential stability: coarse sandy soils have inherently lower stability. This
indicator is more highly correlated with water erosion (Blackburn and Pierson
1994; Pierson et al. 1994) than with wind erosion. However, susceptibility to
wind erosion also declines with an increase in soil organic matter (Fryrear et al.
1994) and biological soil crust cover (Belnap and Gillette 1998).

e Soil Surface Loss and Degradation (Indicator 9)
Soil surface loss and degradation is the reduction in soil surface depth, organic
matter, porosity, and structure as a result of wind or water erosion, and it is
indicative of long-term change in rangeland health. The loss or degradation of
part or all of the soil surface layer or horizon is an indication of a loss in site
potential (Dormaar and Willms 1998; Davenport et al. 1998).

e Effects of Plant Community Composition and Distribution on Infiltration

(Indicator 10)

This indicator reflects effects of vegetation composition and spatial distribution
on the infiltration capacity of the soil within the evaluation area and the amount
of time water is retained on the soil surface. The term infiltration for this
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indicator encompasses both the entry of water into soil and the movement of
water into the soil profile.

e Compaction Layer (Indicator 11)
A compaction layer is a near-surface layer of dense soil caused by impact on or
disturbance of the soil surface. A compaction layer can be caused by application
of weight or pressure at or below the soil surface. Compaction layers restrict
water percolation (Willat and Pullar 1984; Thurow et al. 1988a), plant growth
(Wallace 1987), and nutrient cycling (Hassink et al. 1993), potentially reducing
infiltration and increasing runoff and changes in plant composition and
production.

¢ Functional/Structural Groups (Indicator 12)

— Functional/structural groups are plant species (including nonvascular plants such
as visible biological soil crusts) that are grouped together on the basis of similar
growth forms or ecophysiological roles (table E-23 and figure E-42).

— Function typically refers to the ecophysiological role that plants and biological
soil crusts play on a site. This may include the plant’s life cycle (e.g., annual,
monocarpic perennial, or perennial), phenology, photosynthetic pathway,
nitrogen fixer associations, sprouting ability, and water infiltration (including
biological soil crusts).

— Structure refers to plant growth forms (e.g., trees, vines, shrubs, grasses, forbs,
and nonvascular plants, such as visible biological soil crusts) within the
community. Structure may be subdivided to group species with similar growth
forms based on height, growth patterns (bunch, sod-forming, or spreading
through long rhizomes or stolons), root structure (fibrous or tap), rooting depth,
or sprouting ability.

— The functional/structural groups indicator assesses shifts in expected types and
proportions of functional/structural groups within the context of the plant
community phases that are described for an ecological site under the natural
disturbance regime (Pellant et al. 2005, 2020).

— For instruction on developing the Functional/Structural Groups table in the
Reference Sheet, see the Technical Reference Version 5 Appendix 1b.

e Dead or Dying Plants or Plant Parts (Indicator 13)
Dead or dying plants and dead or dying stems, branches, leaves, etc., are a
natural phenomenon in all perennial plant communities. Ecological reference
areas in the same ecological site can provide a point of comparison to determine
expected dead or dying plants or plant parts given recent weather at the time of
assessment.

e Litter Cover and Depth (Indicator 14)
Litter is the uppermost layer of organic debris on the soil surface—essentially
the freshly fallen or slightly decomposed vegetal material (SRM 1999). In this
technical reference, it includes dead plant material, including leaves, stems, and
branches, detached from the plant.

e Annual Production (Indicator 15)
Annual production represents the energy captured by plants through the process
of photosynthesis, given recent weather conditions. It is the net quantity of
aboveground vascular plant material produced within a growing season. It is not
a measurement or estimate of total standing biomass (which includes the
previous growing season production).
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Figure E-42. Root morphology of common plants in a sagebrush steppe ecosystem (adapted
from Sage Grouse Initiative 2016). See Natura (1995) for a similar diagram of root morphology of
common plants in a mixed prairie ecosystem (Pellant et al. 2005, 2020).

e Invasive Plants (Indicator 16)
Invasive plants (for purposes of the IIRH protocol) are plant species that are
typically not found on the ecological site or should only be in the trace or minor
categories under the natural disturbance regime and have the potential to become
a dominant or codominant species on the site if their establishment and growth
are not actively controlled by natural disturbances or management interventions.
A primary characteristic of invasive plant species is their ability to persist on an
ecological site and influence ecological processes (Chambers et al. 2014). See
the Technical reference for more information on ruderal, noxious, introduced
and native plant applicability.

e Vigor with an Emphasis on Reproductive Capability of Perennial Plants

(Indicator 17)

Plant vigor relates to the robustness of a plant in comparison to other individuals
of the same species. Vigor is reflected primarily by the size of the plant and its
parts in relation to the plant’s age and the local environment in which it is
growing (SRM 1999). A plant’s reproductive capability is dependent on having
adequate vigor and the ability to reproduce given the constraints of climate and
herbivory. Inflorescence (e.g., seed stalks) and flower production are basic
measures of reproductive potential for sexually reproducing plants and clonal
production (e.g., tillers, rhizomes, or stolons) for vegetatively reproducing
plants.
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Table E-25. IIRH Generic Evaluation Matrix.

Departure from

Reference Sheet Extreme to Total Moderate to Extreme Moderate Slight to Moderate None to Slight
Indicator
1. Rills Numerous and frequent Moderate in number at Moderate in number at | Scarce and scattered. Reference sheet

throughout. Nearly all
are wide, deep, and long.
Occur in exposed and
vegetated areas.

frequent intervals. Many

are wide, deep, and long.

Occur in exposed areas
and in some adjacent
vegetated areas.

infrequent intervals.
Moderate width, depth,
and length. Occur
mostly in exposed
areas.

Minimal width, depth,
and length. Occur in
exposed areas.

narrative inserted here.

2. Water Flow
Patterns

Extensive. Long and
wide. Erosional and/ or
depositional areas
widespread. Usually
connected.

Widespread. Longer and
wider than expected.
Erosional and/ or
depositional areas
common. Occasionally
connected.

Common. Lengths
and/or widths slightly
to moderately higher
than expected. Minor
erosional and/ or
depositional areas.
Infrequently connected.

Scarce. Length and
width nearly match
expected. Some minor
erosional and/ or
depositional areas.
Rarely connected.

Reference sheet

narrative inserted here.

3. Pedestals and/or

Pedestals extensive;

Pedestals widespread,;

Pedestals common;

Pedestals uncommon;

Reference sheet

Terracettes roots frequently exposed. | roots commonly roots occasionally roots rarely exposed. narrative inserted here.
Terracettes widespread. exposed. Terracettes exposed. Terracettes Terracettes scarce.
common. uncommon.
4. Bare Ground Substantially higher than | Much higher than Moderately higher than | Slightly higher than Reference sheet

expected. Bare ground
patches are large and
frequently connected.

expected. Bare ground
patches are large and
occasionally connected.

expected. Bare ground
patches are moderate in
size and sporadically
connected.

expected. Bare ground
patches are small and
rarely connected.

narrative inserted here.

5. Gullies

Sporadic or no
vegetation on banks and/
or bottom. Numerous
nickpoints. Significant
active bank and bottom
erosion, including
downcutting. Substantial
depth and/or width.
Active headcut(s) may
be present.

Intermittent vegetation

on banks and/ or bottom.

Nickpoints common.
Moderate active bank
and bottom erosion,
including downcutting.
Significant depth and/or
width. Active headcut(s)
may be present.

Occasional vegetation
on banks and/ or
bottom. Occasional
nickpoints and/or slight
downcutting. Moderate
depth and/or width.
Active headcuts absent.

Vegetation on most
banks and/or bottom.
Few nickpoints and/or
minimal downcutting.
Minimal gully depth
and/or width. Headcuts
absent.

Reference sheet

narrative inserted here.
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Departure from
Reference Sheet
Indicator

Extreme to Total

Moderate to Extreme

Moderate

Slight to Moderate

None to Slight

6. Wind-Scoured
and/or Depositional
Areas

Extensive. Wind scours
usually connected. Large
soil depositions around
obstructions.

Common. Wind scours
frequently connected.
Moderate soil
depositions around
obstructions.

Occasionally present.
Wind scours
infrequently connected.
Minor soil depositions
around obstructions.

Infrequent and few.
Wind scours rarely
connected. Trace
amounts of soil
deposition around
obstructions.

Reference sheet
narrative inserted here.

7. Litter Movement
(Wind or Water)

Extreme movement of
all size classes

Moderate to extreme
movement of small to

Moderate movement of
mostly small size

Slight movement of
small size classes.

Reference sheet
narrative inserted here.

(including large). moderate size classes. classes. Small Minimal or no

Significant Moderate accumulations | accumulations around accumulations around

accumulations around around obstructions or in | obstructions or in obstructions or in

obstructions or in depressions. depressions. depressions.

depressions.
8. Soil Surface Extremely reduced Significantly reduced in | Significantly reduced in | Some reduction in plant | Reference sheet
Resistance to Erosion | throughout. most interspaces or plant | at least half of plant interspaces or plant narrative inserted here.

canopies and moderately
reduced throughout.

interspaces or plant
canopies or moderately
reduced throughout.

canopies or slightly
reduced throughout.

9. Soil Surface Loss
and Degradation

Soil surface horizon very
thin to absent
throughout. Soil surface
structure similar to or
more degraded than
subsurface. No
distinguishable
difference between
surface and subsurface
organic matter content.

Severe soil loss or
degradation throughout.
Minor differences in soil
organic matter content
and structure between
surface and subsurface
layers.

Moderate soil loss or
degradation in plant
interspaces with some
Degradation beneath
plant canopies. Soil
organic matter content
is markedly reduced.

Slight soil loss or
degradation, especially
in plant interspaces.
Minor change in soil
organic matter content.

Reference sheet
narrative inserted here.

10. Effects of Plant
Community
Composition and
Distribution on
Infiltration

Changes in plant
community (functional/
structural groups)
composition and/or
distribution are expected
to result in a severe
reduction in infiltration.

Changes in plant
community (functional/
structural groups)
composition and/ or
distribution are expected
to result in greatly
decreased infiltration.

Changes in plant
community (functional/
structural groups)
composition and/ or
distribution are
expected to result in a
moderate reduction in
infiltration.

Changes in plant
community (functional/
structural groups)
composition and/ or
distribution are
expected to result in a
slight reduction in
infiltration.

Reference sheet
narrative inserted here.
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Departure from

Reference Sheet Extreme to Total Moderate to Extreme Moderate Slight to Moderate None to Slight
Indicator
11. Compaction Extensive and/ or Widespread and/ or Moderately widespread | Not widespread and/or | Reference sheet
Layer strongly developed moderately to strongly and/ or moderately weakly developed narrative inserted here.
(thickness and density); | developed (thickness and | developed (thickness (thickness and density);
may severely restrict density); may greatly and density); may may weakly restrict

root penetration.

restrict root penetration.

moderately restrict root
penetration.

root penetration.

12. Functional/ Structural (F/S) Groups

Indicator rating is based on the greatest departure of

the four subindicators.

12a. Relative
dominance

All expected dominant
F/S groups are now
minor, trace, or missing.

Dominant F/S group(s)
has become minor or
trace, or a minor or trace
group is now dominant.

Dominant F/S group(s)
has become
subdominant.

Subdominant F/S group
has become minor or
trace, or a minor or
trace F/S group has
become subdominant.

Resembles expected
relative dominance. !

12b. F/S groups not | F/S group(s) not F/S group(s) not F/S group(s) not F/S group(s) not None.
expected expected is now expected is now expected is now minor. | expected is now trace.
dominant. subdominant.
12¢. Number of Severely reduced Greatly reduced (missing | Moderately reduced Slightly reduced All expected F/S groups
expected F/S (missing > 76% of 51-75% of expected F/S | (missing 26-50% of (missing < 25% of are present.!
groups’ expected F/S groups). groups). expected F/S groups). expected F/S groups).
12d. Total Severely reduced Greatly reduced (missing | Moderately reduced Slightly reduced Missing less than 10%

combined number
of species expected

(missing > 76%).

51-75%).

(missing 26-50%).

(missing 10-25%).

of expected number of
species in dominant and

in dominant and subdominant F/S
subdominant F/S groups.!
groups

13. Dead or Dying
Plants or Plant Parts
(dominant,
subdominant, and
minor functional/
structural groups

Extensive mortality and/
or dying plants/ plant
parts in species within
expected functional/
structural group(s).

Widespread mortality
and/ or dying plants/
plant parts in species
within expected
functional/ structural

group(s).

Moderate mortality and/
or dying plants/ plant
parts in species within
expected functional/
structural group(s).

Occasional mortality
and/ or dying plants/
plant parts in species
within expected

functional/ structural

group(s).

Reference sheet
narrative inserted here.

14. Litter Cover and
Depth

Largely absent with
minimal depth or
extensive with much
greater depth relative to
site potential and recent
weather.

Greatly reduced or
greatly increased cover
and/or depth relative to
site potential and recent
weather.

Moderately more or
less cover and/ or depth
relative to site potential
and recent weather.

Slightly more or less
cover and/or depth
relative to site potential
and recent weather.

Reference sheet
narrative inserted here.

(190-645-H, June 2022)

645-E.74



Title 190 — National Range and Pasture Handbook

Departure from

Reference Sheet Extreme to Total Moderate to Extreme Moderate Slight to Moderate None to Slight
Indicator
15. Annual 20% or less of potential | 21-40% of potential 41-60% of potential 61-80% of potential Reference sheet
Production® production based on production based on production based on production based on narrative inserted here
recent weather. recent weather. recent weather. recent weather. (annual production >
80% of potential).

16. Invasive Plants Dominant throughout. Common throughout. Scattered throughout. Uncommon. Nonnative invasive
plants not present. If
native invasive species
are present,
composition matches
that expected for the
ecological site.

17. Vigor with an Vigor and capability to Vigor and capability to Vigor and capability to | Vigor and capability to | Reference sheet

Emphasis on
Reproductive
Capability of
Perennial Plants
(dominant,
subdominant, and
minor functional/
structural groups)

produce seed or
vegetative tillers in
species within the
expected functional/
structural group(s) are
extremely reduced, or
functional/ structural
group(s) is no longer
functionally present.

produce seed or
vegetative tillers in
species within the
expected functional/
structural group(s) are
greatly reduced.

produce seed or
vegetative tillers in
species within the
expected functional/
structural group(s) are
moderately reduced.

produce seed or
vegetative tillers in
species within the
expected functional/
structural group(s) are
slightly reduced.

narrative inserted here.

! For the appropriate reference community phase.
2 Must be functionally present.
3 When developing an ecological site-specific evaluation matrix, use these same percentage categories.
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Figure E-43. Blank Evaluation Form for Interpreting Indicators of Rangeland Health.
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Figure E-44. Example of Populated Evaluation Form.

W. Determine the Functional State of the Three Attributes

The IIRH protocol relies on the collective experience and knowledge of the evaluator(s) to
classify each indicator and then to interpret the collective rating of the indicators into one
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summary rating of departure for each attribute of rangeland health. The interpretation
process is the critical link between indicator observations and determining the status of
each rangeland health attribute. Therefore, evaluators should complete the attribute
ratings before leaving the evaluation area. Record justification for the attribute ratings at
the bottom of the evaluation form (figures E-43 and E-44). Use tables E-26, E-27, and E-
28 for information about the interrelationships between the indicators as they relate to
each attribute.

Table E-26. Interrelationships of the indicators associated with the soil/site stability attribute

rating.
Indicator Relationship to the Soil/Site Stability Attribute Rating
1. Rills Increased occurrence of rills is indicative of loss of soil stability and accelerated

erosion by water. Rills can transport significant amounts of soil, which may be lost
from or redistributed on the site.

2. Water Flow
Patterns

Increased occurrence of water flow patterns indicates accelerated water
erosion resulting in soil movement within (and possibly off) a site. Water flow
patterns are visual evidence of interrill erosion caused by overland flow, which
has been identified as the dominant sediment transport mechanism on
rangelands (Tiscarefio-Lopez et al. 1993).

3. Pedestals
and/or
Terracettes

Increased occurrence of pedestals indicates accelerated soil erosion by water or
wind. Increased occurrence of terracettes is evidence of reduced soil stability
resulting in acceleratederosion by water. Erosional pedestals within a site may be
associated with soil surface loss and degradation where soil has eroded around
numerous plant or rock pedestals.

4. Bare Ground

Increased bare ground leaves soil more vulnerable to water erosion resulting from
raindrop impact, splash erosion, and soil particle disaggregation and to wind erosion
resulting from saltation of soil particles. When soils lack protective cover of
vegetation, biological soil crusts, and rocks, water or wind may move across the soil
surface leading to accelerated soil erosion. Bare ground found in large patches may
contribute to a greater amount of soil erosion than the same amount of bare ground
found in many small patches.

5. Gullies

Gullies are concentrated areas of soil loss from accelerated water erosion. They are a
natural feature of very few landscapes and are usually indicative of significant
landscape instability. Considerable amounts of soil may be lost from sides and
headcuts of gullies. The amount of loss of soil and water through a gully can be
greater than from rill and inter-rill erosion, and the effects are more concentrated.
Gullies can also affect physical soil properties at a site (Poesen et al. 2003).

8. Soil Surface
Resistance to
Erosion

Increased incidence of wind-scoured areas indicates reduced soil and site
stability resultingin soil loss by wind erosion. Once wind erosion has begun,
soil material below the surface layer that may have been protected by litter or
soil crusts may be more susceptible to erosion.Increased incidence of
depositional areas is indicative of wind erosion that may be occurring within
the evaluation area or in adjacent areas. Soil is usually deposited as
disaggregated particles, which may be more susceptible to subsequent wind or
water erosion.

9. Soil Surface
Loss and
Degradation

Litter movement from the point of origin indicates that water or wind erosion
may be occurring. Litter concentration has been shown to be closely correlated
with inter-rill erosion (water flow patterns).
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Indicator

Relationship to the Soil/Site Stability Attribute Rating

10. Effects of
Plant
Community
Composition and
Distribution on
Infiltration

Soil stability is directly tied to the soil surface’s resistance to water erosion.
Higher soil aggregate stability means soil particles are more strongly “glued” to
each other and thereforeless likely to be detached by raindrop impact, overland
flow, or wind. Soil surface resistance to erosion may have a spatial relationship
with other indicators such as bare ground, which also influences soil/site
stability. Reduced soil surface resistance to erosion is associated with reduced
infiltration rate, increased runoff, and increased erosion.

11. Compaction
Layer

Soil surface loss and degradation indicates past erosion. Signs of soil
degradation, including structure changes and reduction of organic matter, may
also increase susceptibility to futureerosion. Soil surface loss and degradation is
an indicator of long-term change in rangeland health and often persists after
vegetation cover has recovered. The degree of soil surface lossand degradation
may help determine whether a site has the capability to recover ecosystem
function or whether a physical threshold has been crossed.

14. Litter Cover
and Depth

Soil stability may be impacted when the compaction layer reduces infiltration to the
point thatsurface runoff increases, which increases the potential for water erosion.

Table E-27. Interrelationships of the indicators associated with the hydrologic function
attribute rating.

Indicator

Relationship to the Hydrologic Function Attribute Rating

1. Rills

Rills concentrate and facilitate rapid water movement on slopes causing water to be
lost from or redistributed on the site. Increased occurrence of rills indicates reduced
hydrologic function resulting from decreased infiltration.

2. Water Flow
Patterns

Increase in number, length, depth, and width and connectivity of water flow patterns
indicates increased water movement (overland flow) on (and possibly off) a site.
Increases in size and connectivity of water flow patterns are likely associated with an
increased size and number of bare ground patches. Connected water flow patterns can
form a drainage network which may connect to rills or gullies. When the soil surface
is stable, but infiltration is reduced, overland flow may form water flow patterns with
minimal evidence of erosion; however, these features are indicative of reduced
hydrologic function.

3. Pedestals
and/or
Terracettes

Increased occurrence of pedestals and/or terracettes is indicative of reduced
hydrologic function. Pedestals caused by water erosion and terracettes are indicators
of reduced infiltration resulting in greater overland water flow, sediment transport,
and deposition. Pedestals may also be caused by wind erosion, but the resultant soil
loss may subsequently impact hydrologic function. Soil surface loss and degradation
is likely to be observed around erosional pedestals.

4. Bare Ground

When soils lack protective cover of vegetation, biological soil crusts, litter, and rocks,
water is more likely to move across the soil surface prior to infiltration, affecting
hydrologic function due to accelerated water loss from a site. Increases in bare
ground and bare ground patch size and connectivity can also increase a site’s
vulnerability to erosion and promote further declines in hydrologic function.

5. Gullies

Gullies are indicative of loss of hydrologic function because they can channel large
amounts of water offsite. The amount of loss of water through a gully is generally
greater than through water flow patterns or rills, and the effects are more
concentrated. Gullies can also affect water table levels at a site (Poesen et al. 2003).

8. Soil Surface
Resistance to
Erosion

Reduced soil surface resistance to erosion is associated with reduced infiltration rate,
increased runoff, and increased erosion. Reductions in soil stability values indicate
that soil particles are more likely to be dispersed in water. Dispersed particles may
form physical crusts, which limit infiltration and thus impact hydrologic function.
Soil surface resistance to erosion may have a spatial relationship with other indicators
such as bare ground, which also influences hydrologic function.
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Indicator

Relationship to the Hydrologic Function Attribute Rating

9. Soil Surface
Loss and
Degradation

Potential infiltration rates are controlled by soil texture, while the actual infiltration
rate is controlled by soil surface structure and porosity. Hydrologic function is
impacted when loss of soil organic matter or degradation of surface horizon structure
decrease infiltration rates and water holding capacity. Soil surface loss and
degradation is an indicator of long-term change in rangeland health and often persists
after vegetation cover has recovered. The degree of soil surface loss and degradation
may help determine whether a site has the capability to recover ecosystem function or
whether a physical threshold has been crossed.

10. Effects of
Plant
Community
Composition
and Distribution
on Infiltration

Plant community composition and distribution relative to infiltration reflects the
unique contributions of functional/structural groups and their associated species in
modifying infiltration. Plant rooting patterns, litter production and associated
decomposition processes, height, basal area, and spatial distribution can all affect
infiltration. Changes in vegetation composition and distribution can also affect
hydrologic function by modifying evapotranspiration, soil water storage, and snow
entrapment.

11. Compaction
Layer

Compaction layers may negatively impact hydrologic function by restricting water
infiltration through the soil profile. In some cases, the compaction layer reduces
infiltration to the point that surface runoff increases.

14. Litter Cover
and Depth

Litter influences hydrologic function by intercepting raindrops, obstructing overland
flow, promoting infiltration, reducing evapotranspiration, and reducing erosion
(Hester et al. 1997; Pierson et al. 2007; Thurow et al. 1988a, 1988b). Reductions in
litter cover may be associated with increases in bare ground. Thick, contiguous litter
mats may intercept moisture from small precipitation events, reducing infiltration.

Table E-28. Interrelationships of the indicators associated with the biotic integrity attribute

rating.

Indicator

Relationship to the Biotic Integrity Attribute Rating

8. Soil Surface
Resistance to
Erosion

Biotic factors, including biological soil crust and vegetation composition and cover,
litter composition and decomposition, and root growth, all influence soil aggregate
stability. Reduced soil surface stability usually reflects lower soil biotic integrity
because soil biological processes depend on organic matter inputs and biological
decomposition processes to form and maintain stable soil aggregates. These changes, in
turn, affect biotic integrity because a stable soil surface provides the environment
necessary for most germination and establishment of plant species.

9. Soil Surface
Loss and
Degradation

Soil surface loss and degradation reflect changes in biotic integrity because of the role
of soil biotic activity in creating and maintaining soil structure. These changes, in turn,
affect biotic integrity because the soil surface provides the environment for most
germination and establishment of plant species. It also provides the environment for soil
microorganisms that enhance soil fertility, water holding capacity, and stability. In most
sites, the soil at and near the surface has the highest organic matter and nutrient content.
Soil organic matter generally controls the maximum rate of water infiltration into the
soil and is essential for successful seedling establishment (Wood et al. 1997). Soil
surface loss and degradation is an indicator of long-term change in rangeland health and
often persists after vegetation cover has recovered. The degree of soil surface loss and
degradation may help determine whether a site has the capability to recover ecosystem
function or whether a physical threshold has been crossed. The loss or degradation of
part or all of the soil surface layer or horizon is an indication of a loss in site potential
(Dormaar and Willms 1998; Davenport et al. 1998).

11. Compaction
Layer

Compaction layers can restrict the distribution of plant roots, especially fibrous roots,
through the soil, limiting the ability of vegetation to extract nutrients and moisture from
the soil profile. Compaction layers can also reduce soil water holding capacity,
decreasing moisture availability for plant growth. Compaction can also reflect a
reduction in biotic integrity because it indicates that the factors that cause compaction
are not balanced by recovery processes, including plant root growth.
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Indicator

Relationship to the Biotic Integrity Attribute Rating

12. Functional/

A mixture of plant functional and structural groups appropriate to a site can promote

Structural community resistance to plant invasions and resilience to disturbances (Pokorny et al.

Groups 2005; Chambers et al. 2014). A change in the relative dominance or number of species
in functional/structural groups may have a negative effect on ecosystem processes and
overall biotic integrity. Both the presence of functional/structural groups and the
number of species (or life forms for biological soil crusts) within these groups have a
significant positive effect on ecosystem processes (Tilman et al. 1997).

13. Dead or Plant mortality and recruitment are two processes that drive changes in plant

Dying Plants or | populations and communities. This indicator addresses mortality, while indicator 17

Plant Parts indirectly addresses recruitment. If plant mortality exceeds recruitment, biotic integrity

of the stand may decline and undesirable plants (e.g., invasive plants) may increase.

14. Litter Cover
and Depth

Litter provides a source of soil organic material and raw materials for onsite nutrient
cycling (Whitford 1988, 1996), helps moderate the soil microclimate, provides food for
microorganisms, and plays a role in enhancing erosion resistance by dissipating the
energy of raindrops and obstructing overland flow (Hester et al. 1997; Thurow et al.
1988a, 1988Db). Increased litter accumulation may influence biotic integrity by reducing
sites for seed germination and may be an indicator of reduced decomposition rates.
Litter accumulation may be correlated with indicator 15 (annual production).

15. Annual
Production

This is the only indicator that is directly linked to the ecological process of energy flow.
Solar energy is converted into chemical energy by photosynthesis. The amount of solar
energy captured in primary production (e.g., energy flow) represents the total amount of
energy available for utilization by animals. Reduced annual production may be linked
with reduced plant vigor, reduced litter, or changes in functional/ structural groups.

16. Invasive
Plants

Invasive plants impact an ecosystem’s type and abundance of species, their
interrelationships, and the processes by which energy and nutrients move through an
ecosystem. These impacts can influence both biological organisms and physical
properties of a site (Olson 1999) and may range from slight to severe depending on the
species involved and their degree of dominance. Invasive species may adversely affect a
site by increased water usage (e.g., salt cedar/tamarisk in riparian areas) or modifying
disturbance regimes (e.g., shortened fire return intervals in annual grass-invaded sites).

17. Vigor with
an Emphasis on
Reproductive
Capability of
Perennial Plants

Plant vigor and reproductive capability are key components in ensuring that, when
favorable recent weather conditions are present, recruitment can occur to balance plant
mortality (indicator 13). Plant community composition and therefore resiliency are
dependent on the availability of plants with the capability to reproduce and for
recruitment to occur (Svejcar et al. 2014).

X. After Completing the Assessment

Managers may use the final ratings of attributes of rangeland health to identify where to focus
monitoring efforts or where management opportunities may exist. Areas with a
“moderate” departure rating are often ideal for implementing monitoring studies or for
making management changes since they should be the most responsive to management
actions. Prior to implementing management actions, it is important to review other
available relevant information to understand the cause of resource problems and monitor
trends in vegetation and soils condition. Additional monitoring may be useful regardless
of the departure rating, dependent on future changes in uses or management of an area.
More IIRH Forms can be found in the Technical Reference.

645.0515 Pasture Condition Scoring for Health Assessments

A. Two pasture assessment tools are available in NRCS and provide for “quick assessment” of
current conditions and management. Both tools are qualitative and semi-quantitative if field data

are needed.

(1) Pasture Condition Scoresheet I (PCSS II) (USDA-NRCS 2020 Guide to Pasture
Condition Scoring) provides the visual evaluation of 10 indicators, which rate pasture
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vegetation and soils. Each indicator or factor has five possible ratings, ranging from
lowest (poorest) condition (1) to highest (best) condition (5). The indicators are tallied
into an overall score (50) for the pasture unit or utilized as individual scores and
compared with the other nine indicators. Indicators receiving the lowest scores can be
targeted for corrective action.

Determining Indicators of Pasture Health (DIPH) is a detailed assessment tool and
includes a matrix of indicators that can be used to determine the preponderance of
evidence for three separate pastureland ecosystem attributes: biotic integrity, soil/site
stability, and hydrologic function. DIPH is a similar methodology to IIRH V5 (Pellant et
al. 2020), although there are specific indicators that are relevant to pastureland systems in
DIPH. DIPH may be used as a standardized approach similar to IIRH to conduct a more
comprehensive pasture assessment of hydrologic function, soil and surface stability, and
biotic integrity.

B. Pasture Condition Score. Introduction—Pasture condition scoring (PCS) is a systematic way
to assess how well a pasture is being managed and resources protected. The National Pasture
Condition Scoring Guide and Score Sheet provides a systematic way to check how well a pasture
is managed and can be found at:
https://www.nrcs.usda.gov/wps/portal/nres/detail/national/landuse/rangepasture/pasture/?cid=stel
prdb1045215. Forms can be found in the PCS Guide and in this subpart.

(1)

2

3)

4)

)

A pasture rated with a high score is well-managed with productivity (plant and animal)
being sustained or enhanced. By rating the key indicators common to all pastures, pasture
condition can be evaluated, and the primary reasons for a low condition score can be
identified. A low rating typically means the pasture has one or more challenges or
resource concerns, such as poor plant growth, weedy species invasion, poor animal
performance (low forage quantity and quality), visible soil loss, increased runoff, and
impaired water quality in or adjacent to the pasture.

The PCS should be performed several times a year during critical management periods
throughout the grazing season. The revised “Pasture Condition Score Sheet” (PCSS) (see
tables E-29 and E-30) should be used to rate individual pastures. Regardless of the time of
year selected to do the PCS, the best time to score a pasture is just before it is grazed. The
PCS should be performed.

(1) As a benchmark condition of the pasture.

(i) Early in the growing season before grazing events occur.

(iii) At peak forage supply periods.

(iv) At low forage supply periods.

(v) At plant stress periods such as drought or very wet conditions.

(vi) When conservation practices (management) have been fully applied.

For best results, the livestock manager and conservation planners should evaluate the
pastures the same time each year to note changes in the condition of the pasture. PCS
results can be useful in deciding when to move livestock or planning other management
actions. It assists in identifying which improvements are most likely to improve pasture
condition or livestock performance.

The PCS is not a replacement for doing a forage inventory or forage production estimates.
The pasture planner should consider other available data such as pasture state information
in an ecological site description (ESD) or pasture and hay suitability groups.

PCS involves the visual evaluation of 10 indicators, listed and described below, which
rate the pasture vegetation and soils. Rating subjectivity can be reduced by incorporating
quantitative measures. For example, using the step-point method for evaluation (figure E-
45) can provide measured results for five of the indicators (percent desirable plants,
percent legume, live plant cover, plant diversity, and plant residue). Also, by pacing to
measure the livestock concentration areas and using a shovel to quickly evaluate the soil
compaction and soil regenerative indicator, the user of the PCSS and the guide can have
confidence in each indicator rating and the total score.
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Figure E-45. The step-point method can provide data for five indicators.

(6) On the PCSS, each indicator or factor has five possible ratings, ranging from lowest
(poorest) condition “1” to highest (best) condition “5.” This objectively identifies the
extent of any pasture challenges and helps determine the likely causes. Evaluate each
indicator separately. The indicators can then be combined into an overall score for the
pasture unit or utilized as individual scores and compared with the other nine indicators.
Indicators receiving the lowest scores can be targeted for corrective action. The plant
vigor indicator is one of the last ones rated because previous indicators in the assessment
give insight into the plant health and productivity of the pasture.

C. Indicator Descriptions: Percent Desirable Plants

(1) These are the key species that provide most of the quality forage ingested by the grazing
animal being fed. The percent is calculated by dry matter weight. In this indicator
assessment, determine the type and amount of plants within the pasture that the livestock
will readily graze that are desirable and intermediate (figure E-46).

(i) Desirable species—Desirable species are well-adapted to the site, are readily

(i)

consumed, show persistence, and provide high tonnage and quality, with sufficient
fertility for a significant part of the growing season. The most desirable species may
be grazed first and close to the ground in poorly managed systems, and therefore may
decline in prevalence. Meanwhile, other less palatable species that can avoid grazing
impacts may increase. These less-desirable species can eventually displace the
desirable ones since they are grazed less, if at all. This replacement is important to
this indicator and should not be overlooked when the desirability score is low. Some
examples of desirable species are orchardgrass, white clover, Kentucky bluegrass,
and big bluestem. Refer to your State or regional desirable plant list, and ideally, by
grazing livestock type (cattle, sheep, goats) for scoring this indicator. Desirable,
intermediate, and undesirable species will depend upon geographic region and
livestock type.

Intermediate Species—Intermediate species are adapted to the prevailing site
conditions; just as desirable species are. Intermediate species are those which, while
eaten, provide low production or lose quality fast, are only eaten by certain livestock
species, and often have a short-lived grazing-use period. Intermediates increase as
desirable species are selectively grazed out but will be the next set of species to
decrease if grazing management doesn’t intervene. When adequate forage allotments
are presented to livestock, the utilization rate of these species will be less than that of
the desirable species. Examples of intermediates are dandelions, wild plantains,
barnyard grass, and hop clover.

(iii) Undesirable Species—Undesirable species are those that typically are not eaten

(rejected) by most livestock, cause undesirable side effects when eaten, or have little
or no forage value. They include some woody invaders, noxious weeds, toxic plants,
and plants that crowd out more desirable species. A few forages are undesirable
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during a specific growth stage when they produce toxins. On severely overstocked
sites, such as exercise lots, undesirable species will become the only surviving plants.
Examples of undesirable species are nimblewill, wild garlic, horsenettle, and
buttercup. Record notes in the comment section of the scoresheet for invasive species
creating plant pest pressure concerns. Some woody plants such as brush species may
be present in the ratings of 1, 2, or 3 on this indicator in amounts economically
impacting the herbaceous desirable species and should be noted in the rating.

Figure E-46. Cattle grazing desirable species.

2)

Estimate visually the proportion (percent) of desirable species present in the entire sward
by dry matter weight and score accordingly. The technique of estimating dry weight
through visual assessment requires training and knowledge of plant identification. The
use of the step-point method is highly recommended for this indicator (figure E-45).

D. Indicator Descriptions: Percent Legume

(1)

2)

3)

4)

This indicator measures the average amount (percent) of legume present in a forage stand
during the growing season, expressed as dry matter weight. The percent legumes present
at a given time during the growing season can vary considerably, depending upon climate
(especially heat), stability, and seasonal growth cycle of the legumes being assessed, the
timing and severity or laxity of grazing events, and the timing and level of agronomic
inputs.

Legumes are important sources of nitrogen for pastures and improve the forage quality of
the pasture mix when they comprise at least 20 percent of total air-dry weight of forage.
Deep-rooted legumes also provide grazing during hot, dry periods in midsummer.
Pastures can sometimes be limited in nitrogen, especially ones lacking enough legumes
and low in organic matter. Nitrogen excreted by animals often is not distributed well due
to lack of pasture management or the location of water, mineral, or shade except in some
types of grazing systems such as high-density short-duration grazing. Pastures with few
or no legumes will need added nitrogen for increased forage production. Legumes
growing along with grasses in pastures have been shown to improve animal intake and
performance.

If the proportion of legumes is too high, especially legumes with bloat potential, forage
consumption can cause bloat and thus be detrimental to ruminant livestock health.
Legume cells rupture easily after ingestion, causing a high fermentation rate to occur in
the rumen. This causes the formation of gas bubbles in a stable foam, which can lead to
the rumen distending and causing lung malfunction. When bloating legumes, such as
clovers and alfalfa (see your State’s plant list for additional species), are greater than 40
percent of total forage dry weight, bloat incidence in ruminants is likely without
preventative steps.
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To perform this indicator, visually estimate the percentage of legume present in the total
forage biomass (figure E-47). When conducting the visual assessment on most introduced
cool-season legumes — except red clover which has a higher dry weight (90 percent) and
alfalfa (100 percent) — the estimate will need to be reduced by approximately 50 percent
of the visual estimate when converting to a dry matter weight basis. Most legumes have
their leaves in the upper part of the plant with only stems below. Thus, the upper part of
the plant appears denser visually when compared to grasses which are denser at the base
of the plants. For rare cases where legume percentages are greater than 40 percent of the
stand, but still are less than 40 percent bloat-type legumes, rate as a 5.

Figure E-47. Visually estimating the percentage of legumes present.

E. Live Plant Cover (includes dormant)

(1)

2)

The percentage of the soil surface covered by live plants is important for pasture
production and soil and water protection. This indicator rates how well the plant solar
panel is working. The higher the leaf area, the higher the photosynthetic activity. A dense
stand (high-stem count) of live leaf area ensures, when properly grazed, high animal
intake and high sunlight interception for best forage growth. Bare, open spots allow for
weed encroachment, increased water runoff during intense rains, soil erosion, and lost
production. Attached, standing dead plant material can reduce forage quality,
photosynthesis, and new tillering depending on the amount and height (see figure E-48).
Live cover assessment can be determined at any time on continuously grazed pastures but
is best done closer to optimal grazing heights. On rotational pastures, ideally estimate
canopy cover of the paddock the day prior to livestock entry. This will represent the best
possible condition. If cover rates fair or lower at this growth stage, management changes
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are recommended. It can also be used to assess post-grazing events to determine if
adequate residual is left or not.

Figure E-48. How good is my solar panel?

)

“4)

)

(6)

(7

Several things can influence live plant cover, especially time of year, rest period prior to
review, forage present, weather conditions, and management. Forages can be easily
placed into three different stages.

(i) Stage one plants are short and immature, having high quality but low production.
Stage one plants are good for being a solar panel, but they lack the surface area of
stage two, which generally ends right at the early boot stage for grasses.

(i1) Stage two has the greatest live leaf surface area and normally the best forage quality.

(iii) The third stage has maturing vegetation of lower quality and dormant vegetation.
Although this stage has the greatest volume of forage available, mature and dormant
plants are performing less photosynthesis, and forage quality is less.

The management factor in live plant cover is very important. Frequency of grazing,

length of grazing period, stop-grazing height, stocking rates and density, length of rest

period, and nutrient management are factors to be managed to achieve the highest
production of quality forage for animal growth.

There are times when letting the forage mature longer can certainly be a positive move,

especially to grow deeper roots and potentially build soil organic matter. Dormant forage

and stockpiled forage may not be the best collector of sunlight but should not be scored as
the 5-point category, but could still score moderately well on the PCS scoresheet if
everything else is met.

Accordingly, forage stands with dead or dying intact material should be rated lower. This

includes attached standing dead plant material. This material is not collecting sunlight,

and it is not desirable for the livestock, although some fiber benefits occur early in the
season. Too much standing dead material may cause the forage to be rejected by the
grazing animal or lead to other forages being selectively grazed. Note that when forage is
dormant, consider stockpile for future use.

Visually estimate percent live cover of all species. Assign a value based on live green leaf

canopy. If the estimate is inconclusive, or difficult to complete because of the complexity

of species or stage of growth, then use the step-point method to estimate; or use a camera-
based, accurate green canopy cover measurement tool.

F. Plant Diversity

(1)

This indicator is done by dry matter weight. Forage production varies throughout the
grazing season because of changing weather, growing degree days, management, and
insect or disease pressures. Increasing diversity can help moderate negative changes.
Having multiple dominant desirable forage species in a pasture offers some “insurance,”
and it is more likely that something can be productive under a wide range of conditions.
Warm season grasses, for example, can provide quality forage during hot, dry summer
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periods for areas where adapted, when most cool-season forage tend to go dormant. Low
species diversity makes pastures more vulnerable to stress and to changing conditions
(see figure E-49).

The plant diversity score describes the number and abundance of well-represented forage
plants and functional groups. For the PCS scoresheet rating, desirable forage species must
comprise more than 50 percent of the total biomass to score above a 1. Any time
undesirable species outnumber desirable plant species, the score will be 1. Refer to the
State or regional desirable plant list and ideally by grazing livestock type (species).

Figure E-49. Warm-season grasses are a functional group that when present in the system can
ease summer slump periods.

)

4)

)

(6)

(7
(®)

The PCSS considers a dominant species to be one that makes up at least 15 percent of the
pasture biomass by dry weight. Dominant species contribute substantially to the total
forage biomass, and having several similar dominant desirable species helps to spread the
production and lower the risk.

A functional group includes plant species that have similar management requirements,
biological contributions, and attributes. For most of the United States, the four basic
functional groups for improved pastures are cool-season grasses, warm season grasses,
legumes, other grazable non-leguminous forbs (e.g., brassicas, forage chicory, dandelion)
or a functional group designated by the State. A functional group is counted even if it has
non-dominant species, if the group collectively makes up 15 percent of the pasture
biomass.

Plants from different functional groups are most compatible when they can be
successfully managed together. Mixed species pastures with at least two functional
groups and three or more well-represented forage species are generally the most
productive. Higher total diversity within a functional group does not ensure higher
productivity and may cause animals to avoid some species and graze others heavily, as
species differences in palatability and maturity are more likely. The greatest benefit for
the grazing system is often achieved by the addition of another functional group.

Adding legumes to the stand increases protein and energy, improves forage quality,
boosts production, fixes nitrogen for the grasses in the stand, are agronomically sound,
environmentally friendly, and economically advantageous. The addition of forbs can
provide plants with deeper roots that can bring up nutrients from deeper in the soil profile,
provide some additional drought tolerance to the pasture, and often provide highly
preferred species that livestock desire.

Some climates may have other functional groups to assess to accomplish the desired
outcomes of this indicator.

The PCS scoresheet rating for diversity balances the number of dominant desirable
species within a functional group and the number of functional groups to provide a score
that indicates general forage productivity and manageability.
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G. Plant Residue and Litter as Soil Cover

(1)

Soil cover is important to slow evaporation, maintain and stabilize ideal soil temperatures,
be a carbon and food source for soil life, deter erosion, and to help with water infiltration
(Figure E-50). Residue is dead plant material in varying states of decay.

Figure E-50. Moving the cover to examine the surface for residue.

2)

3)

4)

)

(6)

Decomposing surface residue is detached plant material that typically creates a light duff
layer directly on the soil surface. It is highly subject to microbial activity and is in
constant flux. Litter is generally the uppermost layer of detached residue on the soil
surface including freshly fallen or slightly decomposed vegetative material. This can
include flattened plant material from a recent grazing event with high stock densities that
may still be attached. Litter is slightly more stable for a longer period depending on the
presence and amount of biological activity.

In a well-managed system, some plant residue and litter should always be present.
Extremely active biological systems, such as an intensely grazed dairy or beef finishing
operations, where vegetation is consistently grazed in the vegetative stage, often lack
enough residue and litter during much of the season. This can be resolved if needed by
increasing the rest period and thus allows more trampling of mature forages onto the soil
surface.

Excessively high amounts of residue, especially litter, can interfere and slow down new
tiller growth, and tie up nitrogen. These systems often lack enough biological activity.
This can be resolved if needed by shortening the rest period, adding more diversity,
especially legumes, and increasing stock density.

Grazing events, grazing systems, soil biology and life, weather, and management are
constantly changing and often quite fluid. The percentage of ideal cover is not exact but
should be in most cases a minimum of 60 percent with good soil biological activity. The
higher the requirements of microbial life, the higher amount of residue and litter is needed
to support it.

First assess the amount of bare soil. Cover is easily assessed during the step-point method
by gently moving the aboveground plant cover to one side with your hand or foot if
needed to see if soil cover is provided between plants and under the canopy (figures E-50
and E-51). The soil should be covered by either live plants and tillers or residue. Visually
estimate the percent cover between live plants in the stand. The step-point method is a
good quantitative way to do this.

H. Grazing Utilization and Severity

(1)

The proper amount and frequency of grazing are critical in maintaining productive
pastures. Close and frequent grazing causes loss of vigor, reduces density of desired
species and yield, can promote erosion, and have impact on bite size and intake.
Differences in species, plant maturity, stocking rate, location and distance to water, shade,
and mineral availability may cause uneven grazing to occur.
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Figure E-51. Estimate the amount of bare soil. When bare soil is easily seen it is rated a “1.”
This should not be common.

(2) Grazing utilization and severity are directly related to uniformity of grazing by livestock,
except when continually overgrazing. Though an overgrazed pasture may look uniform,
the impact of this severity places such pastures in the lowest rating. Uniform grazing
results in almost all desirable and intermediate species being grazed to a targeted residual
or “stop-grazing” height or slightly higher. Uniform grazing, without overgrazing, usually
only exists when proper grazing management techniques are employed and especially
where smaller allocations are made.

(3) Nonuniformity is spotty or patterned grazing that appears uneven throughout a pasture,
with some plants or parts of paddocks grazed heavily and others grazed lightly or not at
all. Individual forage species are being selected by the livestock based on their
palatability, nutritional value, amounts of other forages available, and location in the
pasture.

(4) Selectivity is also affected by differences in stage of maturity among species, amount of
forage offered to livestock, their length of stay in the paddock, and the livestock stocking
density. In most instances, livestock will readily select younger plants over more mature
ones. Livestock will also usually refuse to graze where manure and urine have recently
been deposited. This leads to a continuing cycle of uneven grazing patterns and reduced
efficiency.

(5) Zone grazing occurs when one end of the pasture is heavily grazed, and the other end is
lightly grazed or ungrazed. It often occurs on pastures with long walking distances from
one end to the other, especially when shady areas, windbreaks, hay, creep, or mineral
feeding and watering sites are a long distance from some parts of the field. Pastures with
abrupt topography changes can also cause zone grazing.

(6) For this indicator solely visually assess. When zone grazing is occurring, along with some
uneven grazing throughout, rate it a 3. Rate the pasture a 4 if the pasture is uniformly
grazed to target residual heights but there is some zone grazing occurring.

(7) While understocking will lead to more selectivity and the potential for uneven grazing,
continual overstocking can result in pastures being uniformly grazed (mowed lawn
appearance) but to heights that are too low to maintain all the desirable species. These
uniformly overgrazed pastures should be rated low on the score sheet.

I. Livestock Concentration Areas

(1) Concentration areas are places in pastures where livestock return frequently and linger
near feeding areas, gates, water, mineral or salt, or shade. These areas may have reduced
vegetative cover, increased bare ground, and have concentrated animal waste. Livestock
trails to and from these preferred areas can create pathways that may increase erosion and
become conduits for sediment, nutrients, and pathogens to nearby water bodies.

(2) This indicator addresses the potential impacts on water quality by assessing the size of the
disturbed areas and the connectivity to adjacent water bodies through trailing and
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location. Livestock concentration areas near water sources or with direct conveyance to
surface water can create resource concerns. Additionally, these areas on pervious soils
over shallow ground water can also create water quality problems from introduced
contaminants when close to adjacent waterbodies.

(3) For estimates and comparisons, one square acre is 208 feet by 208 feet, and 10 percent of
that or 0.1 of an acre is 66 feet by 66 feet. When assessing pastures that are less than one
acre, use 10 percent of grazing unit area as an alternative to 0.1 acres, to determine score.

See examples in figure E-52.

(4) Pace unknown distances and assess the amount of concentration area for this indicator.

Figure E-52. Examples of point ratings.

Example of a 1-point rating. Concentration areas are
within 100 feet of water body and more than .1 acre in
size.

Example of a 2-point rating where the field is less than 1
acre. It receives a rating of a 2.

Example of a 4-point rating. Concentration areas are
greater than 100 feet of water body and less than .1 acre
in size.

Example of a 2-point rating. Concentration areas are
within 100 feet of water body and less than .1 acre in
size.

Example of a 3-point rating. Concentration areas are
greater than 100 feet of water body and more than .1
acre in size.
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Figure E-53. Compaction is one of the most detrimental resource concerns.

J. Soil Compaction and Soil Regenerative Features

(1)

2

3)

4)
)

Soil compaction is the diminished pore space between soil aggregates that hold air and
water (figure E-53). Compaction reduces a pasture’s ability to infiltrate water by
minimizing pore space and increasing bulk density of the soils, negatively affecting
hydrologic function, nutrient cycling, and the energy flow throughout the pasture
ecosystem. Compaction affects the ability of plant roots to access water and nutrients.
Increased runoff resulting from soil compaction creates the potential to transport
contaminants such as sediment, nutrients, and pathogens to surface water, degrading
water quality.

Roots can be diminished by not only compacted layers, but also from overgrazing and
haying. Shallow or sparse roots that do not move deeper in the soil profile, especially
when there are no limiting layers, are good indicators these possible management
activities are occurring.

Soil regenerative features focus on the condition of plant roots and the abundance of soil
life, both of which can improve important soil attributes like structure and organic matter.
Soils with roots growing deep and downward have the potential to feed a large and
diverse population of soil life. See figure E-54. These soil organisms can improve water-
holding capacity, nutrient cycling, plant productivity, plant health and nutrient density.
To evaluate, use a shovel to dig a hole in the pasture, large enough to see the indicator
features.

If a comparison is needed or desired, locate one hole in a protected area, such as a fence
line where grazing can occur, but soil is not adversely affected by hoof action, and the
other within the pasture away from the protected area and on the same soil type to
compare differences in soil features. Soil features to observe and or to compare in the soil
of each hole are:

Figure E-54. Healthy pasture soils should have good aggregates, vertical roots, and soil life.
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(1) Ease of getting the shovel into the soil.

(i1) Soil structure — look for platiness and aggregates in the top twelve inches.

(iii)) Rooting depth.

(iv) Root morphology and direction of growth, roots should be growing downward
through the soil profile.

(v) Color-contrasting color changes in the soil with darker soil in the more biotically
active upper layer.

(vi) Worms, tunnels, or other biotic presence and activity.

When rating this indicator, begin with the primary sub indicators (compaction layer, then

root characteristics) and use these two sub indicators as the main scoring factors, with the

most adverse factor of the two sub indicators determining the score. Soil color and soil

life sub indicators are secondary indicators and can be considered where applicable but

used primarily for discussion with the manager and planning for improving soil health.

When rating the compacted or platy layer, consider if the layer is within a zone where

primary forage roots would typically extend to (not potentially).

K. Plant Vigor

(1)

2

)

In simplest terms, plant vigor refers to the health of a plant. Another interpretation is the
plant’s robustness in comparison to others of the same species, relative to the size and age
of the plant within the environment and weather where it is growing. A loss of plant vigor
can cause a loss in desirable species and plant cover. Primary things to consider when
rating plant vigor are color and rate of regrowth (recovery) following a grazing event, but
also taking into consideration the grazing height of plants, size (density) of plants, and
productivity. This indicator is purposely placed as one of the last indicators to score doing
this PCS. The scorer can then use the earlier indicator scores information to better score
plant vigor.

Color is a major indicator of plant vigor. See figure E-55. Yellowing plants indicate
drought, insect damage, or prolonged heavy usage (continuous grazing). Pale green grass
plants can be indicative of low fertility or cool, wet, and poor soils and growing
conditions. Fields where nitrogen-starved grasses exist will be obvious and have dark
green spots under dung or urine patches with the rest of the pasture area or unit being pale
in comparison. Frost-damaged plants will turn yellow or to a blue-gray cast depending on
the severity of the cold damage.

Leaf color can also change due to age. Older, lower leaves of plants turn yellow as they
become more shaded, and nutrients are translocated from them to the younger leaves
higher in the canopy. This type of progressive vigor decline on a single plant is critical to
the producer timing the rotation of livestock from one pasture to the next. In general,
color is a visual indicator of either mineral deficiencies or, occasionally, of over-
fertilization.

Figure E-55. Recovery and forage color are good indicators of plant health.
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Over-fertilization is not separated out in this indicator but should be annotated in the
notes when observed and rated a 1 if an issue. Excess applications of nitrogen can cause
some major nitrate toxicity issues. A lush, lodged, very dark green-to-bluish-green grass
can be indicative of over-fertilization especially by nitrogen. It can also occur where
livestock have concentrated on a pasture such as at a permanent water trough or feed
bunk. These spot areas are often ungrazed by livestock due to taste, smell, or post-
ingestive feedback caused by low level nitrate poisoning indicators of plant health.
Growth rate is a key trait of plant vigor, which is greatly affected by the management of
the plant community. Plant recovery should be evaluated based on average growth rates
for the plant community involved at the time of the season being rated. This is easier to
evaluate on rotational pastures, because the last time an individual plant was grazed is
likely to be known.

Too often, the recovery period for the plants is too short. Ideally, when growth is slow,
longer recovery is needed, and when growth is fast, shorter recovery is needed. Recovery
is influenced by the time of year, the type of plants, and even manager goals, such as if it
is planned to be used for stockpiled forage or not. It is highly influenced by how severely
the pasture was used the last time it was grazed. The more severe the grazing (below
recommended stop-grazing heights), the longer the recovery required. Most severe
grazing occurs when a pasture is overstocked. Pasture plants when continuously grazed
have little or no recovery. In contrast are pastures that are rarely grazed below stop-
grazing heights and management is initiated at prime plant recovery and intake amounts.
Make notes on any disease or insect stresses (pressure) on the plants. Using color as a
plant vigor indicator may be difficult during a plant’s dormant season. Under such
conditions, use the ratings of all indicators along with overall plant health and remaining
leaf area to assist in a vigor score.

L. Erosion. Soil erosion involves the detachment, transport and redistribution of soil particles by
forces of water, wind, or gravity. The types of erosion evaluated for pasture condition score are

below.

(1)

2

)

Sheet and Rill—Soil loss caused by water drop impact, drip splash from water dropping
off plant leaves and stems onto bare soil, and a thin sheet of runoff water flowing across
the soil surface. Sheet and rill erosion increase as cover decreases. Evidence of sheet
erosion appears as small debris dams of plant residue that build up at obstructions or span
between obstructions. Some soil aggregates or worm castings may also be washed into
the debris’ dams. Rills are small, incised channels in the soil that run parallel to each
other downslope. When rills appear, serious soil loss is occurring. This erosion type
includes most irrigation-induced erosion.
Streambank, Shoreline—When in pastures, channels or shorelines can have heightened
erosion problems and loss of vegetative cover that typically grows on them. These
accelerated damages can result from grazing animal traffic in or on them. Open channels
may be intermittent or perennial flowing streams or dry washes. The factors that affect the
extent of disturbance livestock cause to streambanks, shorelines, and their associated
vegetation include:

(i) Livestock traffic patterns.

(i1) Frequency, duration, and intensity of use.

(iii) Attractiveness of these channels or banks as sunning, dusting, travel lanes,

watering, grazing, or rubbing areas.

(iv) Channel shape and steepness of banks.

(v) Water flow characteristics (frequency, depth, sediment load, velocity, and

turbulence).

(vi) Only consider erosion caused or influenced by livestock use.
Wind—Wind erosion is the transport and deposition of soil from one location to another,
occurring when heavier, windblown soil particles abrade, exposing soil and causing
particles to become airborne. Deposition of the heavier soil particles occurs downwind of
obstructions, such as fence lines, buildings, and vegetation. Often vegetative debris is
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windrowed against obstructions and in extreme cases soil will abrade and smother

vegetation.

(4) Gullies
(i) There are at least two type of erosion on this field. Circle both on the PCSS. The

lowest rating score which accounts for the worst erosion present should be given.

Figure E-56. Gullies in a field.

(i1) Gullies are an advanced stage of water erosion, developing in situations where rill erosion
has not been addressed. See figure E-56. Concentrated, fast-moving water can cause gully
expansion through both mass soil caving along sides and head-cutting upslope, creating
deep channels in the ground. Both ephemeral and advanced classic gullies should be
addressed under this sub indicator. Circle or mark all erosion types found within the
planning unit. Rate the indicator with the score for overall erosion as the lowest scoring

point value of the erosion types.
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Table E-29. Pasture Condition Score Sheet.

Operator: Date:
Evaluator: Pasture ID:
Soil(s), ESD(s) and or ILivestock type:
FSG(s):

Current Season’s Above Normal Normal Below Normal
Precipitation (check one)

Seasonal Temperature Trend |Above Normal Normal Below Normal

(check one)

Evaluate the site and rate each indicator based upon your observations. Scores for each indicator may
range from 1 to 5. Sum the indicator scores to determine overall pasture condition score.

Score

Indicator 1 Point 2 Points 3 Points 4 Points 5 Points Points
Percent Desirable | Desirable species Desirable species 20 — | Desirable species 41 — | Desirable species 61 — | Desirable species
Plants* (Dry <20% of stand. 40% of stand. 60% of stand. 80% of stand. exceed 80% of stand.
Weight; for
Livestock Type)

<5% 5-10% legumes 11-20% legumes. 21-30% legumes. 31-40% legumes. No
Percent Legume OR OR grass loss; grass may
by Dry Weight >50% bloating >40% bloating legume. be increasing.

legumes.

Live (includes
dormant) Plant
Cover

Less than 40% is
live leaf canopy.
Remaining is either
dead standing

40-65% 1is live leaf
canopy. Remaining is
either dead standing
material, or bare

66-80% live leaf
canopy. Remaining is
either dead standing
material, or bare

81-95% live leaf
canopy. Remaining is
either dead standing
material, or bare

More than 95% live
(non—dormant) leaf
canopy. Remaining is
either dead standing

species in 1
functional group

OR

each represented by
minor species totaling
>15%

species in 2 functional
groups

species in 3 functional
groups

OR

OR

material, or bare ground. ground. ground. material, or bare
ground. ground.
Diversity: Very low | Diversity: Low Diversity: Moderate Diversity: High Diversity: Very high
<50% desirable 2 dominant desirable 3 dominant desirable 4 dominant desirable 4 dominant desirable
Plant Diversity by species species in 1 functional | species in 1 functional species in 2 functional species in 3 functional
Dry Weight group group groups groups
(see * footnote at OR OR OR OR OR
end of table) 1 dominant desirable | 2 functional groups 2-3 dominant desirable | 3 dominant desirable 4 dominant desirable

species in 2 functional
groups AND 1
additional functional
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Indicator

1 Point

2 Points

3 Points

4 Points

5 Points

Points

No dominant
desirable species and
all minor species in
each functional
group totaling <15%

3 functional groups
each represented by
minor species totaling
>15%

3 dominant desirable
species in 2 functional
groups AND 1
additional functional
group represented by
minor species totaling
>15%

group represented by
minor species totaling
>15%

Plant Residue and
Litter as Soil

Bare soil is very
easily seen;

Openings of bare soil
can be seen fairly
easily;

Small openings of bare
soil can be seen, but
minimal;

No bare soil is easily
seen;

No bare soil is seen;

There is <20% cover

Soil cover is 21-40%.

Soil cover is 41-60%.

Soil cover is 61-80%.

Soil cover is >80%

Cover (pull back on the soil surface or with good biological
canopy) it is excessive, and activity and

slow to break down. decomposition of older

residue.

Pasture is Pasture consists Pastures show uneven Pasture grazed evenly Pasture grazed evenly

overgrazed primarily of overgrazed | grazing throughout throughout with throughout with no
Grazing throughout. and/or refused areas with heavier grazing minimal overgrazing overgrazing.
Utilization and (former dung areas, near water or feeding with some under grazed
Severity older plants, undesired | areas, or distinct zone small areas and heavier

plants). grazing. use near water sources.

Livestock Livestock Livestock Livestock Livestock
Livestock concentration areas | concentration areas are | concentration areas are | concentration areas are | concentration areas,
Concentration are within 100 feet within 100 feet of, or farther than 100 feet farther than 100 feet including trails, not
Areas (if field <1 of, or are a direct are a direct conveyance | from and are not a and are not a direct present.
acre, see ** conveyance to to surface water, and direct conveyance to conveyance to surface

footnote at end of
table)

surface water, and
cover more than 0.1
acre, including trails.

cover less than 0.1 acre,
including trails.

surface water, and
cover more than 0.1
acre, including trails.

water, and cover less
than 0.1 acre, including
trails.

Soil Compaction
and Soil
Regenerative
Features (see ***
footnote at end of
table)

Compaction: Dense
or thick platy layer
very distinct;

Compaction: Dense or
moderate platy layer
noticeable;

Compaction: Thin
dense or platy layer still
present;

Compaction: Minor
dense or platy layer;
good aggregates
common (crumbly
soil);

Compaction: No dense
or platy layers;
crumbly soil
throughout;
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Indicator

1 Point

2 Points

3 Points

4 Points

5 Points

Points

Soil Compaction
and Soil
Regenerative
Features (see ***
footnote at end of

Roots: Dominantly
horizontal; most
shallow/sparse;

Roots: Numerous
horizontal; moderate
amount shallow/sparse;

Roots: Some horizontal
with increasing
downward,;

Roots: Few horizontal,
more downward
through the soil profile;

Roots: Abundant
growth primarily
downward through the
soil profile;

Color: Surface
horizon same as
subsoil;

Color: Surface horizon
moderately darker than
subsoil;

Color: Surface horizon
dramatically darker
than subsoil;

Soil Life: Few or no
signs.

Soil Life: Signs
scattered in surface

Soil Life: Signs
scattered throughout.

Soil Life: Signs
numerous throughout.

Soil Life: Signs
abundant throughout.

w

table) layer.

Plant Vigor No plant recovery Some recovery. Adequate recovery of Good recovery of Rapid recovery of
after Yellowish green desirable forage. desirable forage. Light | desirable forage. All
grazing/harvest. forage, or moderately Yellowish and dark green and dark green healthy green forage.
Pale, yellow or or slight stunting of green areas due to forage present.
brown, or severe desirable forage. manure and urine
stunting of desirable patches.
forage.

Sheet and Rill: Plant | Sheet and Rill: Plant Sheet and Rill: Plant Sheet and Rill: Plant Sheet and Rill: Plant

Erosion density is density slows runoff. density good and runoff | density high, runoff density high, no runoff,

(circle all that
apply; the overall
indicator score
will be the lowest
rating indicated)

insufficient to stop
runoff, with poor
infiltration.
Erosion easily
visible throughout
pasture;

Erosion present and
easily seen on steeper
terrain;

moderate. If present,
erosion concentrated on
heavily used areas;

low, good infiltration.
May have evidence of
past erosion if present;

good infiltration. No
evidence of present or
past erosion;

Erosion

(circle all that
apply; the overall
indicator score
will be the lowest
rating indicated)

Wind: Severe
scoured areas and
deposition
throughout;

Wind: Scoured areas
common, deposition
effecting plants;

Wind: Occasional
scoured areas, litter
windrolled;

Wind: Minimal soil
exposed, some
detatched vegetation
windrolled, minor plant
damage;

Wind: No exposed soil;

Streambank and/or
Shoreline: Banks

Streambank and/or
Shoreline: More than

Streambank and/or
Shoreline: Less than

Streambank and/or
Shoreline: Eroding at

Streambank and/or
Shoreline: Vegetation

bare, major half the bank half the bank crossings, entrances; all | intact and stable,

sloughing, no bank vegetation trampled; vegetation trampled; the bank vegetation is hardened crossings and

vegetation; sloughing. eroding at intact and banks are alternative water
crossing/entrances. stable. sources used;
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Indicator

1 Point

2 Points

3 Points

4 Points

5 Points

Points

Gully: Very large
mass movement,
caving sides.

Gully: Advancing
upslope, increasing
fingering extensions.

Gully: Not all active
but extensions present.

Gully: Stable with
vegetative cover.

Gully: None, drainage
ways vegetative.

Total points

* Use NRCS plant list for livestock species. Functional groups are as appropriate for your state (cool-season grasses, legumes, warm-season grasses, non-
leguminous forbs). Any time there are more undesirables than desirables, it will be 1 point. Desirable species must total more than 50 percent of the total
biomass. Dominant species are >15 percent. Functional groups must be >15 percent of stand to be counted.

** If field size is less than 1 ac. Use 10 percent of field size in place of 0.1 acre.

*** Use a shovel. Root and Compaction sub indicators are primary and should be considered first. Soil color and soil life are secondary sub indicators which can

be considered where applicable

Table E-30. Overall Pasture Condition Score.

Overall Pasture
Condition Score

Individual
Indicator Score

Management Change Suggested

45 to 50 5 No changes in management needed at this time.

35 to 45 4 Minor changes would enhance, do most beneficial first.

25 to 35 3 Improvements would benefit productivity and/or environment.
15 to 25 2 Needs immediate management changes, high return likely.
10to 15 1 Major effort required in time, management, and expense.

Overall Pasture Condition Score = D

(190-645-H, June 2022)

645-E.98



Title 190 — National Range and Pasture Handbook

645.0516 Determining Indicators of Pasture Health (DIPH): Technical Introduction

A. Introduction

Determining Indicators of Pasture Health (DIPH) is a detailed assessment tool and includes a
matrix of indicators that can be used to determine the preponderance of evidence for three
separate pastureland ecosystem attributes: biotic integrity, soil/site stability, and hydrologic
function. DIPH is a similar methodology to IIRH V5 (Pellant et al. 2020), although there are
specific indicators that are relevant to pastureland systems in DIPH. DIPH may be used as a
standardized approach similar to IIRH to conduct a more comprehensive pasture assessment of
hydrologic function, soil and surface stability, and biotic integrity.

B. Three health attributes are evaluated in both IIRH and DIPH and are designed to provide
information about how well ecological processes — such as the water cycle, energy flow, and nutrient
cycling — are functioning at a site. The three ecosystem attributes (soil and site stability, hydrologic
function, and biotic integrity) are determined from specific indicators (some indicators are used for
one or more of the three assessments) (table E-31). The methodology, DIPH, is more centric to the
dynamics of the ecological site (ES). Various soil and plant variables may be different across the
continuum of pasturelands in the U.S. Some pasture environments are capable of sustaining high
species diversity and many different adapted forage species (including legumes) and soil biota such as
earthworms, etc., while some pasture systems are limited in these respects by various environmental
constraints. For example, a wide variety of cool season grasses and legumes may be grown and
maintained successfully in humid cold temperate climates in New England, whereas a semiarid
subtropical climate in Louisiana may only support a maximum diversity of two warm season pasture
grasses (bermudagrass and Bahia grass), with no inherent introduced long-term sustainability of non-
toxic legumes (which act as annuals). Therefore, rating these indicators should be evaluated with the
ecological constraints associated with the ecological site.

C. Ecological site descriptions (if available) can provide valuable information about environmental
parameters and reference conditions for specific indicators related to adaptability of certain forage
species, legumes, invasive plants, as well as hydrology and erosion properties such as drainage,
flooding, water flow paths, and propensity for rills, gullies, and erosion. Although ESD can be
valuable documents that provide reference information related to climate-soils-plants-hydrology-
management, both IIRH (section 7.1.4; Pellant et al. 2020) and DIPH can be used when ecological
site information is not available.

D. The premise associated with [IRH and DIPH is that many unique site-specific effects and non-
linear environmental relationships exist in grazingland ecosystems, and these methodologies provide
a means of detecting changes in ecological attributes relative to a site’s ecological potential. Toledo et
al. (2016) compared the concepts of PCSS and [IRH and stated that there is a “need for an improved
grazingland assessment tool that merges the relevant elements of both rangeland and pastureland
assessment methods, while taking into account the differing ecosystem attributes and management
objectives of the grazing lands where these methods are usually applied.” Standardized grazingland
assessment protocols based on ecological and land management principles would also ultimately
improve national-level assessments (NRI) and would provide a valuable and efficient tool for
assessing and managing grazing lands.

E. Assessment definitions:

(1) Soil/Site Stability—The capacity of an area to limit redistribution and loss of soil resources
(including nutrients and organic matter) by wind and water.

(2) Hydrologic Function—The capacity of an area to capture, store, and safely release water
from rainfall, run-on, and snowmelt (where relevant), to resist a reduction in this capacity,
and to recover this capacity when a reduction does occur.
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(3) Biotic Integrity—The capacity of the biotic community to support ecological processes
within the normal range of variability expected for the site, to resist a loss in the capacity to
support these processes, and to recover this capacity when losses do occur. The biotic
community includes plants, animals, and microorganisms occurring both above and below the
ground.

F. Table E-31 shows the commonality between [IRH and DIPH. There are common and unique
indicators for DIPH as they represent specific characteristics of pasture environments. Seven
livestock management factors are in DIPH to focus on issues that are specific to livestock
management. Certain indicators may not have issues, such as rill, wind, gully, and streambank
erosion, and percent legumes. Therefore, the field assessment process can proceed quickly. Unlike a
number score used in PCSS 11, the “preponderance of evidence” (Pellant et al. 2005, 2020) is used to
determine the functional status of the three rangeland health attributes in DIPH. The preponderance of
evidence approach is used to select the appropriate departure category for each attribute and the
overall decision for each of the three attributes. This assessment is based, in part, on where the
majority of the indicators for each attribute fall under the five categories (none to slight, slight to
moderate, moderate, moderate to extreme, and extreme to total).

Table E-31. Proposed Matrix for Determining Indicators of Pasture Health (DIPH). Comparison
of indicators in rangeland health matrix and proposed matrix for Determining Indicators of
Pasture Health. LMQF=Livestock Management Quality Factor.

Interpreting Indicators of . Determining Indicators of Pastureland .
Ralil)gelan(gl Health V 5 LUl ® ™ Health LUl
1. Rills SSS, HF Erosion (sheet and rill) SSS, HF
2. Water-flow patterns SSS, HF Water-flow patterns SSS, HF
3. Pedestals and/or SSS, HF Pedestals and/or terracettes
terracettes
4. Bare ground SSS, HF Bare ground % SSS, HF
5. Gullies SSS, HF Erosion (gullies) SSS, HF
6. Wind-scoured, blowouts, SSS Erosion (wind) SSS
and/or deposition areas
Erosion (shoreline) if present SSS, HF
7. Litter movement SSS Litter movement SSS, HF
8. Soil surface resistance to SSS, HF, BI
erosion
Live plant foliar cover (hydrologic SSS, HF
and erosion benefits)
9. Soil surface loss and SSS, HF, BI | Soil surface loss and degradation SSS, HF, BI
degradation
10. Effects of plant HF Effects of plant community HF
community composition and composition and distribution on
distribution on infiltration Infiltration and runoff
and runoff
11. Compaction layer SSS, HF, BI | Compaction layer SSS, HF, BI
12. Functional/structural BI
groups
Forage plant diversity BI, LMQF
Percent desirable forage plants (for LMQF
identified livestock class)
13. Dead or dying plants or BI Dead or dying plants or plant parts BI
plant parts
14. Litter cover and depth HF, BI Litter cover and depth HF, BI
15. Annual production BI Annual production BI, LMQF
16. Invasive plants BI Invasive plants BI
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Interpreting Indicators of Determining Indicators of Pastureland

Rangeland Health V 5 LU Health Gl
17. Vigor with an emphasis | BI Plant vigor with an emphasis on BI
on reproductive capability of reproductive capability of perennial
perennial plants Plants

Percent non-toxic legumes (based on BI, LMQF
adaptability with ecol. site and/or
what is expected stand and longevity
for the site)

Uniformity of use HF, BI,
LMQF

Grazing and utilization BI, SSS, HF,
LMQF

G. Ifan ES does not exist, or the pasture state narrative is not complete, the DIPH matrix can be used
as a “stand-alone” document to determine indicator status. If repeated DIPH assessments are made on
a specific ES, data can be collected to help develop the narrative for pasture groups and the ESD
converted pasture state. In table E-31, several indicators can be evaluated with ecological aspects
inherent with the ecological site. For example:

(1) Annual production capacity

(2) percent non-toxic legumes (based on adaptability associated with ES or what is the expected
stand for the site)

(3) Forage plant adaptability and projected diversity

(4) Litter amount and plant residue

(5) Erosion (sheet and rill)

(6) Erosion (gullies)

(7) Erosion (wind)

(8) Water flow patterns

(9) percent bare ground

(10) Soil health attributes

(11) Dynamics of weeds and invasive plants

H. Determining Indicators of Pastureland Health Matrix (DIPH)

(1) Complete evaluation sheet (table E-32) and proceed to the DIPH evaluation matrix (table E-
33). This table includes five generic descriptors for each indicator, which reflect the range of
departure from expected conditions for the site: none to slight, slight to moderate, moderate,
moderate to extreme, and extreme to total. Since many ESs have not developed pasture state
narratives to establish reference conditions for pasture stands, the DIPH evaluation matrix is
used with generic descriptors.

(2) DIPH is conducted in the field, and each indicator is evaluated based on the scale in the
matrix (table E-33). Determination of preponderance of evidence would follow the same
approach as used in Pellant et al. (2005, 2020). The 22 indicators are rated individually to
determine the attribute ratings. The five departure categories (table E-33) reflect the
collective degree of departure of the appropriate indicators as described in the DIPH matrix.
Degree of departure for each attribute is then rated from the preponderance of evidence of the
appropriate indicators using the worksheet for DIPH (table E-34). This assessment provides
an initial rating for the three attributes (soil and site stability, hydrologic function, and biotic
integrity), which may be used with other applicable quantitative monitoring and inventory
data (if available). Notes can be included to support observations in the field to assist in
determining ratings for soil and site stability, hydrologic function, biotic integrity, and
livestock management quality factor. Table E-35 is an example of indicator ratings with
evaluation and notes.
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I. Review for Preponderance of Evidence (tables E-36 and E-37, example of field notes)

(1) Soil and Site Stability
Slight-to-Moderate with two Moderate Concerns. The critical indicators related to erosion are
rated slight-to-moderate; however, bare ground was rated moderate-moderately higher than
expected with patches sporadically connected. Many of the problems related to soil stability
can be largely corrected with prescribed grazing and improvement of biotic integrity factors
with pest management practices of weedy and woody species invasion.

(2) Hydrologic Function
(1) Some of the key indicators such as bare ground, annual production, litter cover and depth,

(i)

invasive plants, and grazing and utilization were rated moderate. The first three indicators
above are important in proving protective cover to the soil surface, which is directly
correlated with rainfall interception and reducing raindrop soil splash and sheet and rill
erosion. Invasive plants such as shrubs can result in loss of understory cover, but this is
not a problem on this site as invasive plants were largely Canada thistles. The main
concern with bare ground, annual production, and litter cover and depth at moderate
rating is that evaporation rates are higher than expected, and the result is depleted water-
holding capacity which will affect plant growth and production. Overall water balance is
now compromised but can be remedied with the planned rest schedule.

Uniformity of use was rated mod. To extreme (little-grazed or ungrazed patches where
forage species are rejected cover 26—50 percent of the area). Patches are occasionally
connected, and grazing and utilization were rated moderate (pasture utilization 60—65
percent; current utilization is temporary and not representative of continual management).
The pasture will be rested from July 15 to end of August, so there is no real concern
about over-grazing at the present time.

(3) Biotic Integrity
(i) Biotic integrity indicators ranged from slight to moderate to moderate-to-extreme. The

(i)

overall attribute rating is moderate. Where indicators are rated moderate or worse, there
is cause for concern. Since plant community shifts affect the quality of forage
availability, species changes also affect soil surface stability and hydrology; e.g., shifts
from bunchgrass to sodgrass result in lower infiltration capacity and the prevalence of
higher runoff. Improvement is needed regarding the indicators rated as moderate for BI.
Annual productivity was moderate as was litter cover and depth. Uniformity of use was
rated moderate-to-extreme (little-grazed or ungrazed patches where forage species are
rejected cover 2650 percent of the area). Patches are occasionally connected because of
stands of undesirable weedy species (Canada thistle and yellow mustard).

(ii1)) Forage plant diversity, invasive species, plant vigor, dead or dying plants or plant parts,

litter cover and depth, and uniformity of use were rated moderate or worse. Legumes are
not adapted, based on Ecological site. Two dominant grass spp. And Canada thistles in
overgrazed areas with yellow mustard. Overall plant diversity is low, compared to site
potential and species that are adapted to this site. Invasive weed management is needed.
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Table E-32. Determining Indicators of Pasture Health Evaluation Sheet.

Determining Indicators of Pasture Health Evaluation Sheet

Evaluation Sheet ID (Landowner, Farm, Ranch etc.) Date:
Management Unit: Office:
Observers:

Ecological site ID and Code:

Pasture State Narrative (Y/N):

Soil Survey: Map Unit: Soil Component:
Surface Soil Texture:

Position by GPS? Y/N: Photos taken? Y/N:

GPS Location:

Location Description:

Township: Range: Section: Y4 Section:

Pasture Size (ac): How many DIPH samples needed?

Size (ac) represented by DIPH sample:

Criteria used to select evaluation area:

Natural Disturbances (list):

Land treatments or conservation practices applied:

Resource Concerns:

Historic Grazing Intensity (Low, Mod, High): Current Grazing Intensity (Low, Mod, High):

Grazing System:

Haying History:

Offsite Influences on Pasture:

Evaluation Area description Data

Slope Slope Shape (concave, convex, linear) Aspect
Elevation:

Avg. Annual Precipitation (in or cm) Precipitation Range (in or cm):
Precipitation to Date: (Below, Normal, Above) Pct. Of normal precipitation received to date:

Seasonal Climate Notes:

Dominant forage species and estimated composition:

Supporting Data for Range and Pasture Hydrology Model

Representative Climate Station: Bare ground (%):

Foliar Cover (% composition): Bunchgrasses ( ); Sodgrasses (_ ); Annual Grasses/Forbs ( );

Perennial Forbs ( ); Shrubs ( ); Trees ( ); Other Vines ()

Ground Cover (%) litter ( ); rock (_ ); biotic crusts ( ); basal plant cover ()

Remarks and Notes:
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Table E-33. Evaluation matrix used to rate the 22 indicators and five departure categories of the three attributes of pastureland health.

Indicators

Extreme-to-Total

Moderate-to-Extreme

Moderate

Slight-to-Moderate

None-to-Slight

1. Erosion (sheet and
rill)

Numerous and frequent
throughout. Nearly all

Moderate in number at
frequent intervals. Many

Moderate in number at
infrequent intervals.

Scarce and scattered.
Minimal rill width,

Current or past
formation of rills —

rills are wide, deep and rills are wide, deep, and Moderate rill width, depth, and length. none.
long. Occur in exposed long. Occur in exposed depth, and length. Occur | Occur in exposed areas,
and vegetated areas. areas and in some mostly in exposed areas, | and steeper slopes.
adjacent vegetated areas. | and steeper slopes.
2. Erosion (gullies) Sporadic or no vegetation | Intermittent vegetation on | Occasional vegetation Vegetation on most None

on gully banks and/or
bottom. Numerous nick
points. Significant active
bank and bottom erosion,
including downcutting.
Substantial depth and/or
width. Active headcuts
may be present.

gully banks and/or
bottom. Nick points
common. Moderate active
bank and bottom erosion,
including downcutting.
Significant width and/or
depth. Active headcuts
may be present.

on gully banks and/or
bottom. Occasional
nickpoints and/or slight
downcutting. Moderate
depth and/or width.
Active headcuts absent.

gully banks and/or
bottom. Few nickpoints
and/or minimal
downcutting. Minimal
gully depth and/or
width. Headcuts absent.

3. Erosion, Wind-
Scoured and/or
Depositional Areas

Extensive. Wind
blowouts/scours usually
connected. Large soil
depositions around

Common. Wind scours
frequently connected.
Moderate soil depositions
around obstructions.

Occasionally present.
Wind scours
infrequently connected.
Minor soil deposition

Infrequent and few.
Wind scours rarely
connected. Trace
amounts of soil

None or as expected
in reference ESD

obstructions. around obstructions. deposition around
obstructions.
4. Erosion Banks bare, major More than half the About half the bank Some indication of Bank vegetation
(streambank or vertical down cutting, expected bank vegetation | vegetation trampled,; trampled bank intact, minimal
shoreline) major sloughing, little or | absent, veg. trampled, active sloughing and vegetation, active trampling and/or

no bank vegetation.
Hydrology of riparian
system severely altered.

sloughing and vert. banks
active erosion. Hydrology
of riparian system highly
altered.

downcutting. Hydrology
of riparian system
moderately altered.

sloughing downcutting,
or vertical slopes are
minimal. Hydrology of
riparian system slightly
altered.

sloughing.

5. Water Flow
Patterns

Extensive. Long and
wide. Erosional and/or
depositional areas
widespread. Usually
connected.

More numerous and
widespread. Longer and
wider than expected.
Erosional and/or
depositional areas
common. Occasionally

Lengths and/or widths
slightly to moderately
higher than expected.
Minor to moderate
erosional and/or
depositional areas.

Length and width
nearly match expected.
Some minor erosional
and/or depositional
areas. Rarely
connected.

Natural, well
vegetated, or as
described in ESD

(190-645-H, June 2022)

645-E.104



Title 190 — National Range and Pasture Handbook

Indicators Extreme-to-Total Moderate-to-Extreme Moderate Slight-to-Moderate None-to-Slight
connected. Infrequently connected.
6. Bare Ground (%) Substantially higher than | Much higher than Moderately higher than | Slightly higher than Amount and size of

expected. Bare ground
patches are large and
frequently connected.

expected. Major bare
ground patches
throughout stand, large

expected. Bare ground
patches are moderate in
size and sporadically

expected. Bare ground
patches are small and
rarely connected.

bare areas match that
expected for the site.
Else, no bare ground

and occasionally connected. in stand.
connected.
7. Pedestals and/or Pedestals extensive; roots | Pedestals widespread; Pedestals common; roots | Pedestals uncommon; None

Terracettes

frequently exposed.
Terracettes, if present, are
widespread.

roots commonly exposed.
Terracettes, if present, are
common.

occasionally exposed.
Terracettes, if present,
are uncommon.

roots rarely exposed.
Terracettes scarce.

Terracettes, none

8. Litter Movement
(wind or water)

Extreme movement of all
size classes (including
large). Significant
accumulations around
obstructions or in

Moderate to extreme
movement of small to
moderate size classes.
Moderate accumulations
around obstructions or in

Moderate movement of
mostly small size
classes. Small
accumulations around
obstructions or in

Slight movement of
small size classes.
Minimal or no
accumulations around
obstructions or in

None or as described
in ESD

depressions. depressions. depressions. depressions.
9, Effects of Plant Changes in plant Changes in plant Changes in plant Community Infiltration and
Community community community (functional/ community (functional/ structural runoff are as
Composition and (functional/structural structural groups) (functional/structural groups) composition expected for pasture

Distribution on
Infiltration and
Runoff

* Assume that
decreased infiltration
causes a
corresponding
increase in runoff.
Indicator 9 is
correlated with
Indicator 10

groups) composition
and/or distribution are
associated with severe
reduction in infiltration
and a significant increase
in runoff.

composition and/or
distribution are associated
with significantly or
greatly decreased
infiltration and a large
increase in runoff.

groups) composition
and/or distribution are
associated with
moderate reduction in
infiltration and a
moderate increase in
runoff

and/or plant
distribution are
associated with
moderate reduction in
infiltration and slight to
moderate increase in
runoff.

state in S&T model.
Plant composition
and corresponding
soil physical
properties are not
impeding infiltration

10. Soil Surface Loss
or Degradation

Soil surface horizon very
thin to absent throughout.
Soil surface structure
similar to or more
degraded than subsurface.
No distinguishable
difference between

Severe soil loss and/or
degradation throughout.
Minor differences in soil
organic matter content
and structure between
surface and subsurface
layers.

Moderate soil loss
and/or degradation in
plant interspaces with
some degradation
beneath plant canopies.
Soil organic matter
content is markedly

Slight soil loss and/or
soil structure shows
slight signs of
degradation, especially
in plant interspaces.
Minor change in soil
organic matter content.

No apparent soil loss
or degradation
(Reference ESD
narrative)

(190-645-H, June 2022)

645-E.105



Title 190 — National Range and Pasture Handbook

Indicators Extreme-to-Total Moderate-to-Extreme Moderate Slight-to-Moderate None-to-Slight
surface and subsurface reduced.
organic matter content.

11. Compaction Layer | Extensive and/or strongly | Widespread and/or Moderately widespread | Not widespread and/or | No apparent

developed (thickness and
density); may severely
restrict root penetration
and infiltrability.

moderately to strongly
developed (thickness and
density); may greatly
restrict root penetration
and infiltrability.

and/or moderately
developed (thickness
and density); may
moderately restrict root
penetration and
infiltrability.

weakly developed
(thickness and density);
may weakly restrict
root penetration and
infiltrability.

compaction.

12. Live Plant Foliar
Cover (hydrologic and

Less than 40% live foliar
cover. Remaining is

40-60% live foliar cover.
Remaining is either dead

60-75% live foliar
cover. Remaining is

75-95% live foliar
cover. Remaining is

More than 95% live
foliar cover.

erosion benefits)! either dead standing standing material or bare | either dead standing either dead standing Remaining is either
material or bare ground. ground. material or bare ground. | material or bare dead standing
ground. material or bare
ground.
13. Forage Plant Diversity severely lacking | Low diversity in Moderate diversity in Diversity slightly High diversity of

Diversity

Note: (Legumes’
adaptability based on
what is expected for
site in ESD)

in comparison with site
potential and/or with
management objectives.

comparison with site
potential and/or plant
diversity not in
accordance with
management objectives.

comparison with site
potential and/or plant
diversity is not optimum
with management
objectives.

decreased in
comparison with site
potential and/or plant
diversity is somewhat
lacking with
management
objectives.

desirable forage
plants in stand and/or
plant diversity in full
accordance with
management
objectives.

14. Percent Desirable
Forage Plants (for
identified livestock
class)

Desirable forage species
<20% dry weight.

Desirable forage species
20-40% dry weight.

Desirable forage species
40-60% dry weight.

Desirable forage
species 60—80% dry
weight.

Desirable forage
species exceed 80%
dry weight.

15. Invasive Plants

Invasive species dominate
the site.

Invasive species common
throughout the site.

Invasive species
scattered throughout the
site.

Invasive species
present in infrequent
disturbed areas within
the site.

Invasive species rare,
except in very
infrequently
disturbed areas.

16. Annual
Production

Less than 20% of
potential production.
Considering recent

21-40% of potential
production.
Considering recent

41-60% of potential
production.
Considering recent

61-80% of potential
production.
Considering recent

Annual production
>80% of potential.
Considering recent

! To define all possible undesirables (invasives, shrubs, and other weedy herbaceous forbs would be difficult). 60 percent cover has been shown to be the breakpoint of foliar
cover where soil surface is relatively protected (Gifford 1985; Thurow 1986).

(190-645-H, June 2022)

645-E.106



Title 190 — National Range and Pasture Handbook

Indicators

Extreme-to-Total

Moderate-to-Extreme

Moderate

Slight-to-Moderate

None-to-Slight

weather conditions

weather conditions

weather conditions

weather conditions

weather conditions

17. Plant Vigor with
an Emphasis on

Plant reproduction and/or
recovery after use is

Plant reproduction and/or
recovery after use is

Plant reproduction
and/or recovery after use

Plant reproduction
and/or recovery is

Plant reproduction
and/or recovery is

Reproductive extremely reduced. greatly reduced. is moderately reduced. slightly-to-moderately | what is expected for
Capability of Pale, yellow or brown, or | Yellowish green forage, Adequate recovery. reduced after use. the site.
Perennials severely stunted plants. or moderately or slightly | Yellowish and dark Good recovery. Light Rapid recovery. All
stunted plants. green areas due to green and dark green healthy green plants.
manure and urine plants present
patches.
18. Dead or Dying Extensive mortality Widespread mortality Moderate mortality Occasional mortality No apparent

Plants or Plant Parts

and/or dying plants/plant
parts concentrated in one
or more functional
groups.

and/or dying plants/plant
parts concentrated in one
or more functional
groups.

and/or dying plants/plant
parts concentrated in one
or more functional
groups.

and/or dying
plants/plant parts
concentrated in one or
more functional
groups.

mortality and/or
dying plants/plant or
plant parts.

19. Litter Cover and
Depth

Accumulation of litter
cover and depth, and
decomposition extremely
out of balance with
current weather

Accumulation of litter
cover and depth, and
decomposition mod-to-
extremely out of balance
with current weather

Accumulation of litter
cover and depth, and
decomposition
moderately out of
balance with current

Accumulation of litter
cover and depth, and
decomposition slightly
out of balance with
current weather

Accumulation of
litter cover and
depth, and
decomposition as
expected for the site,

conditions. conditions. weather conditions. conditions. and with current
weather conditions.
20. Percentage If ES Altered Pasture If ES Altered Pasture If ES Altered Pasture If ES Altered Pasture If ES Altered Pasture

Nontoxic Legumes2
Note: if bloating
legumes dominate the
stand-by weight,
rating = Extreme to
Total. Substantial risk
to livestock with and
without bloat
prevention protocols.
Fields with high
legume composition
should be considered

State supports legumes,
stands have less than 2%
by weight

and/or

legume composition
extremely out of balance
with management
objectives.

State supports legumes,
stands have 2-5% by
weight

and/or

legume composition mod-
to-extremely out of
balance with management
objectives.

State supports legumes,
stands have 5-15% by
weight

and/or

legume composition
moderately out of
balance with
management objectives.

State supports legumes,
stands have 15-30% by
weight

and/or

legume composition
slightly out of balance
with management
objectives.

State supports
legumes, stands have
30-35% by weight
and/or

legume use in
accordance with
management
objectives.

2 Note: some literature mentions maximum legume comp. at 40-50 percent to minimize bloat potential.
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Indicators

Extreme-to-Total

Moderate-to-Extreme

Moderate

Slight-to-Moderate

None-to-Slight

for hayland.

21. Uniformity of Use

Little-grazed or ungrazed
patches where forage
species are rejected cover
over 50% of the area.
Rejected patches are
generally connected.

Or

Uniform use due to
overutilization.

Little-grazed or ungrazed
patches where forage
species are rejected cover
26 to 50% of the area.
Patches are occasionally
connected.

Little-grazed or
ungrazed patches where
forage species are
rejected cover 10 to 25%
of the area. Patches
sporadically connected.

Light-grazed or
ungrazed and
unconnected patches
where forage species
are rejected are small
and isolated (<10%
cover). Urine and dung
patches avoided.

Uniform grazing
throughout pasture.
Areas where forage
species are rejected
only present at urine
and dung patches.

22. Grazing and
Utilization

Note: Utilization
percentages can be
temporarily adjusted
in grazing rotation
systems given that
rest and/or deferment
are planned.

Pasture severely
overgrazed (>70%
utilization), plant height
continually below
recommended graz. Ht.
for spp.

Livestock concentration
areas > 10% of the
pasture and transport
contaminated runoff can
directly into water
channels unbuffered.

Pasture utilization 65—
70%, plant height is
continually below
recommended graz. Ht.
for spp.

Livestock concentration
areas and trails cover 5—
10% of the area and drain
into water channels
unbuffered.

Pasture utilization 60—
65%; current utilization
is temporary and not
representative of
continual management.
Isolated and
unconnected livestock
concentration areas and
trails (<5% of area); can
potentially drain into
water channels
unbuffered.

Pasture utilization 50—
60%; plant height
generally meets

recommended graz. Ht.

for spp.

Some livestock trails
and one or two small
unconnected
concentration areas.

Pasture utilization
=<50%; plant ht.
meets recommended
graz.ht. for spp.

No presence of
livestock
concentration areas
or heavy use areas.
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Table E-34. DIPH evaluation sheet (Part A) for preponderance of evidence with notes on

field observations.

Preponderance of Evidence Attribute Rating | Field Obs., Notes and Comments

Erosion (Sheet and Rill) SSS, HF

Erosion (Gullies) if present SSS, HF

Erosion (Wind) if present SSS, HF

Erosion (Streambank/shoreline) | SSS, HF

if present

Water-flow Patterns SSS, HF

Bare ground % SSS, HF

Pedestals and Terracettes SSS, HF

Litter Movement SSS, HF

Effects of Plant Community HF

Composition and Distribution

on Infiltration and Runoff

Soil Surface Loss or SSS, HF, BI

Degradation

Compaction Layer SSS, HF, BI

Live Plant Foliar Cover SSS, HF

(hydrologic and erosion

benefits)

Forage Plant Diversity BI, LMQF

Percent Desirable Forage Plants | LMQF

(for identified livestock class)

Invasive Plants HF, BI,
LMQF

Annual production BI, LMQF

Plant Vigor with an Emphasis BI

on Reproductive Capability of

Perennial Plants

Dead or Dying Plants or Plant BI

Parts

Litter Cover and Depth HF, BI

Percent non-toxic Legumes BIL, LMQF

(based on adaptability of Ecol.

Site and/or what is expected

stand for the site)

Uniformity of Use HF, BI,
LMQF

Grazing and Utilization BI, SSS, HF,
LMQF
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Table E-35. DIPH evaluation sheet (Part B) for determination of preponderance of evidence.

Preponderance of Evidence Attribute EtoT | MtoE| Mod | StoM | NtoS
Erosion (Sheet and Rill) SSS, HF
Erosion (Gullies) if present SSS, HF
Erosion (Wind) if present SSS, HF
Erosion (Streambank/shoreline) if SSS, HF
present
Water-flow Patterns SSS, HF
Bare ground % SSS, HF
Pedestals and Terracettes SSS, HF
Litter Movement SSS, HF
Effects of Plant Community HF

Composition and Distribution on
Infiltration and Runoff

Soil Surface Loss or Degradation SSS, HF, BI

Compaction Layer SSS, HF, BI

Live Plant Foliar Cover (hydrologic SSS, HF
and erosion benefits)

Forage Plant Diversity BI, LMQF

Percent Desirable Forage Plants (for LMQF
identified livestock class)

Invasive Plants HF, BL, LMQF
Annual production BI, LMQF
Plant Vigor with an Emphasis on BI
Reproductive Capability of Perennial

Plants

Dead or Dying Plants or Plant Parts BI

Litter Cover and Depth HF, BI

Percent non-toxic Legumes (based on | BI, LMQF
adaptability of Ecol. Site and/or what is
expected stand for the site)

Uniformity of Use HF, BI, LMQF
Grazing and Utilization BI, SSS, HF, LMQF
E-T [ M-E| M | S-M | N-S E-T [M-E| M | S-M | N-S E-T |[M-E| M | S-M | N-S
Soil & Site Stability Attribute Rating Hydrologic Function Attribute Rating Biotic Integrity Attribute
Rating

E-T | M-E M S-M | N-S

Notes

Livestock Management Quality
Factor (LQMF Rating)
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Table E-36. Example DIPH evaluation sheet (Part A) for preponderance of evidence with
notes on field observations.

Preponderance of Evidence Attribute Rating | Field Obs., Notes and Comments

Erosion (Sheet and Rill) SSS, HF SM Evidence of past rills and gullies but
vegetated and healed at present. Some rilling
in livestock trails and along vehicle trail.

Erosion (Gullies) if present SSS, HF SM Observed old past gullies, vegetated with
graminoids and woody plants

Erosion (Wind) if present SSS, HF NS No wind erosion observed

Erosion SSS, HF N/A No shorelines associated with field

(Streambank/shoreline) if

present

Water-flow Patterns SSS, HF SM Some water flow patterns have merged due to
a high runoff event, signs of litter movement
and debris dams against shrub bases

Bare ground % SSS, HF M Expected bare ground <5%. Estimated bare
ground 10-15%. Some bare ground patches
connected

Pedestals and Terracettes SSS, HF SM Some pedestals observed in water flow
channels, some debris dams formed by recent
runoff event

Litter Movement SSS, HF SM Some litter and mulch movement in water
flow channels observed

Effects of Plant Community HF SM Trend appears to be moving toward Kentucky

Composition and Distribution bluegrass in overgrazed areas, replacing

on Infiltration and Runoff bunchgrass, primarily orchardgrass. Sod
forming species are associated with decreased
infiltrability (See Subpart G)

Soil Surface Loss or SSS, HF, BI | SM Some surface soil loss associated with history

Degradation of cultivation in the past. Organic matter was
undoubtedly lost during cultivation

Compaction Layer SSS, HF, BI | SM Compaction observed, mostly along livestock
trails, fencelines, gate areas

Live Plant Foliar Cover SSS, HF SM Plant foliar cover 85-90%, not optimum, but

(hydrologic and erosion adequate for interception of raindrops

benefits)

Forage Plant Diversity BI, LMQF ME Forage diversity has declined from desirable
bunchgrasses to sod forming K. bluegrass
dominating site. Some Canadian thistles in
overgrazed areas, and scattered Multiflora
rose

Percent Desirable Forage LMQF ME A transition is in progress and shifting from

Plants (for identified livestock bunchgrasses to sodgrass. Weedy forbs such

class) as mustards, sowthistle, prickly lettuce
common, with multiflora rose and Canadian
thistle patches

Invasive Plants HF, BI, M Invasive species increasing such as Canadian

LMQF thistle, multiflora rose in areas, and
undesirable weedy forbs. Can be controlled,
but action needed before threshold crosses to
Mod to Ex.

Annual production BI, LMQF M Annual production has decreased to about
50% of potential production due to increasing
composition of Kentucky bluegrass and
weedy forbs

Plant Vigor with an Emphasis | BI M Vigor and composition of orchardgrass has

on Reproductive Capability of
Perennial Plants

diminished, and K. bluegrass gaining
dominance in pasture.
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Preponderance of Evidence Attribute Rating Field Obs., Notes and Comments
Dead or Dying Plants or Plant | BI M Observations conclude that orchardgrass
Parts plants are yellowing and dying due to

moisture stress. K. bluegrass is very efficient
at usurping available water with dense surface
fibrous roots (see Subpart E)

Litter Cover and Depth HF, BI M No litter cover in bare ground areas, overall
ground cover of litter is < 2%

Percent non-toxic Legumes BI, LMQF ME Legume composition <5%. Legumes’

(based on adaptability of diversity reduced; dominant remaining

Ecol. Site and/or what is legume is white clover. Area outside fence

expected stand for the site) has higher legume composition and red
clover.

Uniformity of Use HF, BI, M Grazing distribution uneven, high use around

LMQF pond area, uneven use extending from water

source. Pond banks are experiencing
sloughing due to high use.

Grazing and Utilization BI, SSS, ME Pasture grazing levels have exceeded

HF, LMQF moderate grazing. Heavy use around pond
and extending from water source. Utilization
about 70% in grazed areas.
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Table E-37. Example DIPH evaluation sheet (Part B) for determination of preponderance of

evidence.
Preponderance of Evidence Attribute EtoT | Mto E Mod StoM NtoS
Erosion (Sheet and Rill) SSS, HF v
Erosion (Gullies) if present SSS, HF v
Erosion (Wind) if present SSS, HF v
Erosion (Streambank/shoreline) if SSS, HF N/A
present
Water-flow Patterns SSS, HF v
Bare ground % SSS, HF v
Pedestals and Terracettes SSS, HF v
Litter Movement SSS, HF v
Effects of Plant Community HF v
Composition and Distribution on
Infiltration and Runoff
Soil Surface Loss or Degradation SSS, HF, BI v
Compaction Layer SSS, HF, BI v
Live Plant Foliar Cover (hydrologic | SSS, HF v
and erosion benefits)
Forage Plant Diversity BI, LMQF v
Percent Desirable Forage Plants LMQF v
(for identified livestock class)
Invasive Plants HF, BI, LMQF v
Annual production BI, LMQF v
Plant Vigor with an Emphasis on BI v
Reproductive Capability of
Perennial Plants
Dead or Dying Plants or Plant Parts | BI v
Litter Cover and Depth HF, BI v
Percent non-toxic Legumes (based | BI, LMQF v
on adaptability of Ecol. Site and/or
what is expected stand for the site)
Uniformity of Use HF, BI, LMQF v
Grazing and Utilization BI, SSS, HF, v
LMQF
E-T |[M-E| M | S-M | N-S E-T | M-E| M [ S-M | N-S E-T|M-E| M [S-M | N-S
1 1 10
2 2 3 11
3 13
6 5 15
5 15 7 16
6 16 8 17
7 19 9 18
22 8 21 10 19
10 22 11 20
11 12 21
12 22
Soil & Site Stability Attribute Hydrologic Function Attribute Biotic Integrity Attribute Rating
Rating Rating M with ME concerns
S-M with some M-ME concerns M
IEvidence of past rills and gullies Bare ground patches connected, Legumes’ diversity reduced;
but vegetated at present. #14 grazing dist. Heavy near watering dominant legume is white clover.
community comp. shifting from area and fencelines. Some rilling Some Canadian thistles in
bunch to sod forming grasses in livestock trails and along overgrazed areas, and scattered
vehicle trail. Multiflora rose, diversity low.
Shifting grass comp. from
lbunchgrasses to sodgrasses.
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Notes: Salt placement by watering area. Livestock use, trails to pond and
along fence lines. Forage plant diversity could be improved by
controlling Undesirable weedy plants. Bunchgrasses are decreasing in
stand, invasive shrubs scattered throughout pasture. SOM somewhat
depleted from past cropping history and water erosion events. About
50% of Soil aggregates dispersed in water.

E-T | M-E M S-M | N-S
13 15
14 16
20
21
22

Livestock Management Quality

Factor

LQMF Rating M to ME
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Monitoring

A. Introduction

(1)

2)

)

4)

Monitoring is the orderly repeated collection, analysis, and interpretation of resource
information data. It can be used to make both short- and long-term management decisions
(Perryman et al. 2004). Short term monitoring, for example, could be conducted to
quantify the amount of forage used during a grazing event, whereas long term monitoring
can be conducted to quantify the extent and direction of change within a plant community
on an ecological site.

Monitoring is important to evaluate changes over time in ecological process, in evaluating
management actions or the effectiveness of a conservation plan. It is a part of Step 9 of
the NRCS nine steps of conservation planning. Monitoring is part of a broader process in
which data is used to test and refine management decisions and allow the collective
knowledge of scientists and land managers to improve resource management (Herrick et
al. 2009).

Determining what and where to monitor are probably the most time-consuming
components of developing a monitoring program (Allison et al. 1951, 1961). Some
purposes to monitor can include:

(i) To determine the effectiveness of management practices.

(i) Determining if forage supply and demand are in balance.

(iil) Documenting the effect of livestock grazing on natural resources.

(iv) Documenting effectiveness of movement toward a desired condition.

(v) Documenting reasons for range and pasture conditions.

(vi) Gaining a better understanding of resources and their management.

(vii) Using the information gathered to provide for adaptive management strategies.
Some agencies have been transitioning toward implementing monitoring methods that are
quantitative, repeatable, and statistically rigorous which involves training and calibrating
observers (Burkett 2021). Factors that may dictate measurement of different attributes
and/or different methods include vegetation type, management objectives and concerns,
time and money available, qualifications of personnel, and other factors (Smith et al.
2012).

B. Uses on all grazing lands

(1)

2)

3)

The Monitoring Manual for Grassland, Shrubland and Savannah Ecosystems, Core
Methods Volume 1 Second edition and Design, supplementary methods and
interpretations Volume 2 (Herrick et al. 2017) will be used as the standard reference for
inventory and monitoring methods on rangeland, pastureland and grazed forestland which
are also used in the NRCS National Resources Inventory (NRI).
https://jornada.nmsu.edu/monit-assess/manuals/monitoring.

The Utilization Studies and Residual Measurements, Interagency Technical Reference
1999, is a guide to provide the basis for consistent, uniform, and standard utilization
studies and residual measurements that are economical, repeatable, statistically reliable,
and technically adequate.
https://www.blm.gov/sites/blm.gov/files/documents/files/Library BLMTechnicalReferen
cel1734-03.pdf.

Riparian Area Management-Multiple Indicator Monitoring (MIM) of Stream Channels
and Streamside Vegetation (Technical Reference 1737-23) is a reference to provide
information necessary for land managers to adaptively manage riparian resources. The
MIM protocol is designed to be objective, efficient and effective for monitoring
streambanks, stream channels, and streamside riparian vegetation primarily from impacts
of livestock and other large herbivores on wadable streams. MIM protocol integrates
annual grazing use and long-term trend indicators allowing for evaluation of livestock
grazing management, with the long-term indicators being useful for monitoring changes
occurring on the streambank and in the channel as a result of management activities other
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than grazing. For more information see https://www.blm.gov/documents/national-
office/blm-library/technical-reference/multiple-indicator-monitoring-mim-stream.

(4) Some of the remote sensing resources listed in this subpart [NRPH Subpart E 645.0501 D
(4)] can be used for monitoring purposes. They can be used in combination with on-site
vegetation measurements to provide perspective and context for rangeland monitoring
across entire grazing units or ranches. Examination of trends in vegetation on watershed,
county, or landscape scales is relatively easy with the remote sensing products that have
recently become widely accessible. Remote sensing can be used to monitor and evaluate
the effects of current or past disturbances and management practices.

When incorporating remote sensing into monitoring plans, remember that:

e Remote sensing does not identify plant species, only plant groups (i.e., perennial
grasses and forbs, annuals, shrubs, trees, etc.).

e The trends shown by remote sensing are reliable, even though absolute values of
percent cover or reported production may not always be accurate.

e Remote sensing is very effective for displaying the spatial variability of cover and
production across a grazing unit, which is very useful when interpreting and
extrapolating on-site vegetation measurements.

C. Developing a Monitoring Program—The Six Steps

Six steps are generally needed to design and implement a long-term ecosystem-based
monitoring program. Each of the six steps are illustrated in the flow chart (figure E-57) and
listed in their own chapters in Volume II of the Monitoring Manual (Herrick 2017). The steps
are listed in the order they are normally completed, but because there is no single way to
design a monitoring program, revisiting earlier steps is often helpful.
For example, the assessments completed in Step 3 often reveal issues that lead to new
management and monitoring objectives (Step 1). State-and-transition models can be
helpful here by focusing attention on areas that are at risk or have a high potential for
recovery. It is also helpful to redefine management and monitoring objectives (Step 1).
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Figure E-57. Gullies in a field monitoring program design and implementation (Steps 1-6) and
integration with management (Steps 7-10) (Herrick et al. 2005).

(190-645-H, June 2022)
645-E.117



Title 190 — National Range and Pasture Handbook

645.0518 Monitoring Methods

Several materials, procedure, and calculation instructions for the methods listed in this section
are described in the Monitoring Manual for Grassland, Shrubland and Savanna Ecosystems,
Volumes I and Il (Herrick et al. 2005). Follow the recommendations in the manual for plot
size, sampling size, transect length and shape, and data interpretations if one of these methods
are selected. Sampling sites should be geospatially located and mapped on the conservation

plan map.

(1) Line-Point Intercept:

Line-point intercept is a rapid, accurate method for quantifying soil cover,
including vegetation, litter, rocks and biological crusts. See tables E-62 and E-63
for the Line-Point Intercept Data Sheet and Data Sheet Example. These
measurements are related to wind and water erosion, water infiltration, and the
ability of the site to resist and recover from disturbance. Line-point intercept can
be measured together with vegetation height, which describes vertical vegetation
structure.

Line-point intercept is a common method used in monitoring so the instructions
on using the Line-point intercept are found here (tables E-38, E-39, E-40, E-41,
and figures E-58, E-59, E-61) but full instructions with helpful tips can be found
in Jornada Core Methods Volume 1, 2™ edition 2017 publication at:
https://jornada.nmsu.edu/files/Core Methods.pdf.

Materials

— Measuring tape (length of transect). If using a tape measure in feet, use one

marked in tenths of feet.

— Two steel stakes for anchoring tape.
— One pointer — a straight piece of wire or rod, such as a long pin flag, at least 75

cm (2.5 ft) long and 1 mm (0.04 in) or less in diameter.

— Electronic device for paperless data collection (preferred) OR clipboard, Line-

point Intercept Data Sheet and pencil(s).

(i) Gap intercept
Gap intercept measurements provide information about the proportion of the line
covered by large gaps between plants (Herrick et al. 2005). The size and frequency of
gaps in plant canopies (canopy gap intercept) reflects the potential for wind erosion
on a site. Basal gap intercept measures the gaps between plant bases. The higher the
proportion of a plot in large basal gaps, the greater the risk of water erosion. Larger
gaps also correlate to a higher risk of invasion by weeds or woody species. Gap
intercept and vegetation height together can be used to characterize vegetation.

(ii1) Photograph Monitoring

Use photo points to qualitatively monitor how vegetation changes over time.
Permanent photographs of a landscape are useful for detecting changes in
vegetation structure and for visually documenting measured changes.

The Sampling Vegetative Attributes Interagency Technical Reference includes a
section on how to conduct photo monitoring. That procedure is included here:

— General description-photographs and videotapes can be valuable sources of

information in portraying resource values and conditions. Therefore, pictures
should be taken of all study areas when feasible. Both photographs and videos
can be taken at photo plots or photo points. A photo point is a panoramic view
landscape photo of the study area where a phot plot is a closeup photograph of a
permanently marked plot on the ground. Use close-up and/or general view
pictures with all of the study methods. Comparing pictures of the same site taken
over a period of years furnishes visual evidence of vegetation and soil changes.
In some situations, photo points could be the primary monitoring tool. All
pictures should be in color, regardless of whether they are the primary or
secondary monitoring tool (ITR 1734-4).
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— Equipment—The following equipment is suggested for the establishment of
photo plots:

e Study Location and Documentation Data form (see ITR Appendix A)

-- Photo Identification Label (see ITR Appendix C)

-- Frame to delineate the 3- x 3-foot, 5- x 5-foot, or 1- x 1-meter photo plots
(see Illustrations 1 and 2)

-- Four rods to divide the 3- x 3-foot and 1- x 1-meter photo plot into nine
square segments

-- Stakes of 3/4- or 1-inch angle iron not less than 16 inches long (request
approval from client before placing angle iron on private land)

-- Hammer

-- 35-mm camera with a 28-mm wide-angle lens and film

-- Small step ladder (for 5- x 5-foot photo plots)

-- Felt tip pen with waterproof ink

e Study Identification Number studies for proper identification to ensure that the
data collected can be positively associated with specific studies on the ground
(see ITR Appendix B).

e Close-up Pictures Close-up pictures show the soil surface characteristics and the
amount of ground surface covered by vegetation and litter. Close-up pictures are
generally taken of permanently located photo plots.

e The location of photo plots is determined at the time the studies are established.
Document the location of photo plots on the Study Location and Documentation
Data form to expedite relocation (see ITR Appendix A).

e Generally, a 3 x 3-foot square frame is used for photo plots; however, a different
size and shape frame may be used. Where new studies are being established, a 1-
meter x 1-meter photo plot is recommended. Frames can be made of PVC pipe,
steel rods, or any similar material. Illustration 1 of the Interagency Technical
Reference shows a diagram of a typical photo plot frame constructed of steel rod.

e Angle iron stakes are driven into the ground at two diagonal corners of the frame
to permanently mark a photo plot (see ITR Illustration 3). Paint the stakes with
bright-colored permanent spray paint (yellow or orange) to aid in relocation.
Repaint these stakes when subsequent pictures are taken.

e The Photo ID Label is placed flat on the ground immediately adjacent to the
photo frame. Photo label should include date, location (pasture), name of ranch,
and study site number.

o The camera point, or the location from which the close-up picture is taken should
be on the north side of the phot plot so that repeat pictures can be taken at any
time during the day without casting a shadow across the plot.

e To take the close-up pictures, stand over the photo plot with toes touching the
edge of the frame.

o A step ladder may be needed to take close up pictures of plots larger than 3 x 3
feet.

e General View Pictures. General view pictures are photo points and present a
broad view of a study site. These pictures are often helpful in relocating study
sites.

— If a linear design is used, general view pictures may be taken from either or both
ends of the transect. The points from which these pictures are taken are
determined at the time the studies are established. Document the location of
these points on the Study Location and Documentation Data form to expedite
relocation (see ITR Appendix C).

— The Photo Identification Label is placed in an upright position so that it will
appear in the foreground of the photograph (see ITR Appendix C).

— To take general view pictures, stand at the selected points and include the photo
label, a general view of the site, and some sky in the pictures.
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— A picture of a study site taken from the nearest road at the time of establishment
of the study facilitates relocation.

Photo Points. General view photographs taken from a permanent reference point
are often adequate to visually portray dominant landscape vegetation. It is
important that the photo point location be documented in writing and that the
photo include a reference point in the foreground (fencepost, fence line, etc.),
along with a distinct landmark on the skyline. Photographs taken from photo
points should be brought to the field to assist in finding the photo point and to
ensure that the same photograph (bearing, amount of skyline, etc.) is retaken. The
photograph should be taken at roughly the same time each year to assist in
interpreting changes in vegetation. As always, recording field notes to
supplement the photographs is a good idea. See figure E-64.
Video Images. Video cameras (i.e., camcorders) are able to record multiple
images of landscapes for monitoring. While video images provide ways to record
landscape images, limitations in their use should also be considered. Video tapes,
especially the quality of the image, may begin to deteriorate within 5 years. These
images can be protected by conversion to digital computer images or rerecording
the original tape onto a new blank tape. Comparing repeat video images is
difficult, especially if the same landscape sequences are not repeated in the same
way on subsequent video recordings. Advantages and disadvantages of video
cameras should be carefully considered prior to implementing a video monitoring
system.
Repeat Pictures. When repeat pictures are taken, follow the same process used in
taking the initial pictures. Include the same area and landmarks in the repeat
general view pictures that were included in the initial pictures. Take repeat
pictures at approximately the same time of year as the original pictures.
General Observations. General observations concerning the sites on which
photographs are taken can be important in interpreting the photos. Such factors as
rodent use, insect infestation, animal concentration, fire, vandalism, and other site
uses can have considerable impact on vegetation and soil resources. This
information can be recorded on note paper or on study method forms themselves
if the photographs are taken while collecting other monitoring data.
The Monitoring Manual for Grassland, Shrubland, and Savanna Ecosystems
Second Edition, Volume 1 Core Methods also provides instructions for setting up
and conducting photo monitoring.
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Table E-38. Line-point intercept (rule set).

Pull out the tape and anchor each end with a steel stake.

Keep the measuring tape taut and straight.

Keep the measuring tape as close to the ground as possible (thread under shrubs using a steel stake or
PVC pipe as a “needle” being careful to not disturb the soil surface or natural lay of the vegetation).

In shrubby areas, it may be helpful to reverse-string the tape by anchoring the reel at the endpoint and
working backwards toward the “0” end of the tape.

As you move from one end of the tape to the other, always stand on the same side (the south side for
NRI) of the transect for all methods and measurements. Move to the first point (0 mark) on the tape.

Drop a pin flag to the ground from a standard height next to the tape.

3.1

Keep the pin vertical.

32

Make a “controlled drop” of the pin from the same height each time. Position the pin so its lower end
is several centimeters above the vegetation, release it and allow it to slip through the hand until it hits
the ground. A low drop height minimizes “bounces” off of vegetation but increases the possibility for
bias.

33

Do not guide the pin all the way to the ground. It is more important for the pin to fall freely to the
ground than to fall precisely on the transect tape mark.

34

A laser with a bubble level can be used instead of the pin. This tool is useful in ecosystems where
plant layers may be above eye level.

Once the pin flag is flush with the ground, record every plant species it intercepts (table E-39 and
figure E-60).

4.1

Record the species of the uppermost or first stem, leaf or plant base intercepted in the “Top layer”
column, using the PLANTS Database species code (https://plants.usda.gov), a code based on the first
two letters of the genus and species, or the common name.

4.2

If no leaf, stem or plant base is intercepted or touches the pin, record “N” for none in the “Top layer”
column.

43

Record all additional species intercepted by the pin, in the order that they are intercepted, from top to
bottom.

44

Record herbaceous litter as “HL,” if present. Herbaceous litter is defined as detached stems, roots,
leaves, haybales, and dung. Record “WL” for detached woody or succulent litter that is greater than 5
mm (or ~1/4 in) in diameter. Record “NL” for non-vegetative litter (e.g., plastic, metal, decomposing
animal matter).

4.5

Record each plant species only once, the first time it is intercepted, even if it is intercepted several
times.

4.6

If a plant species is not known, use the following codes, adding sequential numbers as necessary: AF#
= Annual forb (also includes biennials).

If necessary, collect a sample of unknown plants off the transect for later identification (see page 14
of the Monitoring Manual, 2nd edition for voucher specimen collection protocols).

4.7

If the genus is known, but not the species, either use the PLANTS Database genus code
(https://plants.usda.gov) or record an unknown plant code as described above and note the genus at
the bottom of the data sheet.

4.8

Foliage can be live or dead (see figures E-59 and E-60), but only record each species once at each pin
drop. If both live and dead canopy for the same species is hit on the same point, record the live
canopy.

4.9

Record vagrant lichen as “VL” or by its species in the lower layer columns.

4.10

In environments where deposited soil over a plant base occurs push the pin below the soil surface.
Gently move the pin from side to side to feel for buried plant bases. If resistance from the plant base
is encountered, record deposited soil as “DS” in the lower canopy and record the species basal hit in
the “Soil Surface” column.

Record a species code (if the pin flag intercepts a plant base, figure E-60) or another soil surface code
in the “Soil surface” column).

5.1

For unidentified plant bases, use the codes listed under Rule 4.6.

52

An intercept with a plant base is defined as when the end of the pin rests either on, or immediately
adjacent to and touching, living or dead plant material that is rooted in the soil. Carefully scrutinize if
the pin rests either on, or immediately adjacent to and touching, living or dead plant material that is
rooted in the soil. Carefully scrutinize if the pin is touching small, single-stemmed plants. See figure
E-60.

6.0

Optional: Add more specific soil surface categories.
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6.1 Record “CY” or dark cyanobacterial crust.
6.2 If mosses and lichens are identified to species, record the species code in the “Soil surface” column.
7. Repeat Steps 3—6 at regular intervals along the transect.

R =Rock (> 5 mm or ~1/4 inch in diameter) (a category for coarse fragments functionally resistant to
movement raindrop impact).

The following specific size classes be used in place of “R”. This is required where data will

be used to develop classification systems, such as ecological sites.

GR = Gravel (5 — 76 mm)

CB = Cobble (> 76 — 250 mm)

ST = Stone (> 250 — 600 mm)

BY = Boulder (> 600 mm)

BR = Bedrock

D = Duff

M = Moss

LC = Visible lichen on soil crust (do not record if it is attached to a rock substrate)
W = Water

S = Soil that is visibly unprotected by any of the above

PF# = Perennial forb
AG#= Annual graminoid
PG#= Perennial graminoid
SH#= Shrub

TR#=Tree

Figure E-58. Correct Pin flag position dropping on bare soil (N/S reading) (Herrick et al. 2005).

Figure E-59. Recording Dead vs. Live.
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Table E-39. A list of columns that can be populated as part of Line-point intercept, along
with a list of permitted options for each Column. Following these protocols facilitates simple
calculations on paper data sheets, and consistent calculations with Electronically recorded

data.
LPI COLUMN |PERMITTED OPTIONS SOURCE/CODE DESCRIPTION
Top | Indicates no foliar cover.
OP 1Y€ Tplant code From PLANTS Database .
codes - Foliar cover.
Unknown plant code | User assigned code
Plant code From PLANTS Database .
- Foliar cover.
Unknown plant code | User assigned code
L or HL - herbaceous litter (in-
cluding dung and haybales)
. WL - wogdy or succulent litter Litter cannot be entered above the first plant
Litcer > 5 mm diameter code or in the Top layer.
NL - other litter such as plastic, payer
metal, and decomposing animal
matter
L Otherwise record:
CZLV:: Deposited soil DS S on Soil surface  |Soil deposition overlying a plant base.
Water W W on Soil surface Water or ice present at the time of
measurement. May be permanent or ephemeral.
B Vagrant lichen VL Litter Lichens that are loose, never attached to any
o substrate.
-
OD- GR - gravel |GR or R on soil Rock fragments 5 - 76 mm, but only when
sur face overlying a buried plant base.
CB - cobble |CB or Ronsoil |Rock fragments 76 - 250 mm, but only when
Rock fragment ) :
surface overlying a buried plant base.
ST- stone ST or R on soil Rock fragments 250 - 600 mm, but only when
surface overlying a buried plant base.
Indicates pin on hit a plant base. Plant bases have
Plant code From PLANTS Database no minimum height, record a foliar hit of the
same species above any plant basal hit even when
Unknown plant User assigned code :tc:a;pparent pin contact is made with a |eaf or
Soil s Indicates bare soil, mineral soil, or soil with no
o detectable biological crust.
Lichen LC (or species code if known") Visible lichen crust attached to soil surface.
P Record if attached to soil, but not if on rock.
Moss M (or species code if known*)
Duff D Partia||.y decomposed plant litter with no
recognizable plant parts.
So Water W Permanent water
ol All rock fragments > 5 mm (de not use GR,CB,
surface codes Rock fragment R ST, or BY because R represents all of these).
Otherwise, record:
For consistency with NRI bare ground
Cyanobacteria cY S calculations, both "N/S" and "N/CY" pin hits
constitute bare ground.
= L in lower canopy
£ Embedded litter EL and S on the Soil |Embedded woody litter > 5 mm in diameter
o
2 surface
O GR - gravel |R Rock fragments 5 - 76 mm.
CB - cobble |R Rock fragments 76 - 250 mm.
ST -stone |R Rock fragments 250 - 600 mm.
BY- boulder |R Rock fragments > 600 mm.
BR - bedrock [R
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Figure E-60. Sample data sheet for examples illustrated below. Points 1 and 2 show the first
two points on a transect. In Point 1, the pin flag is touching dead fescue (FERU2), live
bluegrass (POPR). Clover (TRRE3), live fescue, litter, and a rock. Record fescue only once,
even though it intercepts the pin twice. In Point 2, the flag touches fescue, then touches litter,
and finally the fescue plant base.

Table E-40. Quality Assurance.

Quality Assurance

|

Each data sheet is complete. All points, observer, recorder, date, line, and plot name are recorded. Scan
every entry to make sure they are legible.

Each pin drop is made as close to vertical as possible, and observers avoid leaning too far over the line
in either direction in order to avoid parallax. Parallax issues can increase variability year-to-year
because different amounts of plant canopy are measured among years.

Every Top layer and Soil surface cell has an entry. Each species may occur a maximum of once in the
first four columns.

Fill every cell with its appropriate data; do not draw vertical lines down through multiple cells or
columns to indicate repeating values.

% bare ground + % foliar cover + % between plant ground cover = 100%.

oo o) d

Cover values are consistent with plot observations.

(190-645-H, June 2022)
645-E.124



Title 190 — National Range and Pasture Handbook

Table E-41. Line-Point Intercept Indicator Calculations.

Foliar cover (as calculated here) does not include bare spaces within a plant’s canopy.

Percent foliar cover.

1.1 Count the total number of plant intercepts in the “Top layer” column and record this number in the
blank provided.
1.2 Plant intercepts include all points where a plant is recorded in the “Top layer” column. Do not include
points that have a “N” in the “Top layer” column.
1.3 Divide the number of plant intercepts by the total number of pin drops and record % foliar cover in
the blank provided.
2. Percent bare ground.
2.1 Count the total number of points along the line that have bare ground and record this number in the
blank provided.
2.2 Bare ground occurs only when:
A. There are no plant intercepts (N is recorded in the “Top layer” column).
B. There are no litter intercepts (“Lower layers” columns are empty).
C. The pin only intercepts bare soil (“S” recorded in the “Soil surface” column).
2.3 Divide the total number of bare ground hits by the total number of pin drops and record % bare
ground in the blank provided.
3. Percent basal cover.
3.1 Count the total number of plant basal intercepts in the “Soil surface” column and record this number
in the blank provided.
3.2 Plant basal intercepts occur anytime the pin intercepts a live or dead plant base (species code recorded
in “Soil surface”).
33 Divide the total number of basal intercepts by the total number of pin drops and record % basal cover
in the blank column) provided.
4. Vegetation composition.
4.1 Count the total number of intercepts where rooted vegetation occurs in at least one layer (Top, Lower,
or Soil Surface layers).
4.2 Count the total number of intercepts where Species A occurs in at least one layer.
4.3 Divide the count from 4.2 by the count from.
4.1 Multiply by 100% and record this as the composition of Species A.
4.4 Repeat for Species B, C, D, N.
4.5 Sum the percent composition of each species.
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Figure E-61. Line-point intercept basic interpretation.

The Line-Point Intercept Data Sheet is below with an example of a correctly populated sheet.
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Figure E-62. Line-point intercept data sheet (blank).

(190-645-H, June 2022)
645-E.127



Title 190 — National Range and Pasture Handbook

Figure E-63. Line-point intercept data sheet (example).
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Figure E-64. Photo point.

E. Other Uses of NRCS Grazing Land Inventory, Monitoring and Assessment Data

(1)

2)

3)

4)

Inventory, assessment, and monitoring data can be used to study conservation treatment

effects, to establish the baseline data for monitoring and determine resource concerns, and

for other uses including:

(1) coordinating grazing history, stocking rate, and animal performance records in
determining guides to initial stocking rates

(i1) development of ecological site description and preparing soil survey manuscripts

(iii) studies of conservation practice treatment effects

(iv) analyzing wildlife habitat values

(v) planning watershed and river basin projects

(vi) assisting and training landowners and operators in monitoring vegetation trends and
the impact of applied conservation practices and programs

(vii) exchanging information with research institutions and agencies

(viii) preparing guides and specifications for recreation developments, beautification,
natural landscaping, roadside planting, and other developments or practices

(ix) directing Plant Material Center program activities

(x) developing modeling tools and identifying potential climate smart grazing practices

(xi) helping direct policy

Data collected during inventories, assessments and monitoring activities can be used for

ecological site description development. However, data collected for ecological site

descriptions is more extensive than data for conservation planning inventories. Ecological

site development requires collection of biomass data, a review of local history related to a

reference plant community and are correlated to a specific soil component. The National

Ecological Site Handbook describes the tiers of data required for provisional, approved

and correlated ecological site products.

The Conservation Effects Assessment Project (CEAP) quantifies the environmental

effects of conservation practices and programs. The process includes research, modelling,

assessment, monitoring and data collection.

The National Resources Inventory (NRI) Grazingland On-site Study collects and

produces scientifically credible information on the status, condition, and trends of land,

soil, water, and related resources on the Nation’s non-federal lands in support of efforts to

protect, restore, and enhance the lands and waters of the United States.
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(5) Through the National Environmental Protection Act (NEPA) requirements. NRCS data is
used to determine and document the environmental effects of conservation decisions
through the NRCS Environmental Effects policy.

(6) Hydrologic model development is an important activity in NRCS that requires data
collection from a unique set of variables including plant cover and slope. The Rangeland
Hydrology and Erosion Model (RHEM) is used to assess erosion risk on rangeland.
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APPENDIX E-A — Forest Land Evaluations

EXHIBIT E-A-1. Grazable Forest Land Evaluation
ECS-4

U.S. Department of Agriculture ~ ECS-4

Natural Resources Conservation Service

GRAZABLE FOREST LAND EVALUATION

Date: Recorded By: Map Unit: Photo No.: Location:

Ecological Site (Habitat Type, etc.):

Soil Group: Canopy:

Slope %: 0.00% Distance to Water:
No. Roads & Trails Through: No. Water Developments:
Mechanical Barriers: Aspect:

Use History:

Weed Infestations:

Critical Erosion or Sediment Sources:

Wildlife:
TREE REGENERATION PLOT SIZE:
SPECIES DBH 0-1" DBH 1-2" DBH 2-3" DBH 34"
Ecological Status Rating: Forage Value Rating:
Initial Stocking Rate: Grazability Factor (%): 0.00%

Adjusted Stocking Rate:
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Exhibit E-A-2. Forest Land Status and Condition Record

ECS-4 Page2
U.S. Department of Agriculture ~ ECS-4
Natural Resources Conservation Service

% e P RGEII{;E@NGCE & Cover | Average
SPECIES Compos_ition COllI.lted CSDE Counted % Heighgt
by Weight | as Climax for FVR
P D N
GRASSES AND GRASSLIKE: | 0.00% 0.00% 0.00% 0.00%
(PLANT GROUP
WT. %)
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
FORBS: (PLANT GROUP | 0.00% 0.00% 0.00% 0.00%
WT. %)
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
WOODY (PLANT GROUP | 0.00% 0.00% 0.00% 0.00%
PLANTS: WT. %)
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00%
Percent Composition 0.00% 0.00% 0.00% 0.00%
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EXHIBIT E-A-3. Soil-Woodland Correlation Field Data Sheet

% Bare Soil

Vigor
Topography (pick one) Horizontal Configuration
Topography 1- Ridge Horizontal 1- Convex (dry)
2 Upper Slope Configuration 2 Straight
3 Mid Slope 3 Concave (wet)
4 Lower Slope 4 Undulating
5 Bench or Flat
ECS-5 page 1
U.S. DEPARTMENT OF AGRICULTURE ECS-5
NATURAL RESOURCES CONSERVATION SERVICE SOIL--WOODLAND CORRELATION FIELD DATA SHEET | ,Iq | 08-07
-t Sec.
Date County State Location Wi- + 4+ 4+ —E T
wp
Date By -+ + +
111 Rge._
COVER MAJOR LAND STATE PLANE SECTION, TOWN- - -
PLOTNUMBER | “tvpe |