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Abstract

Monsen, Stephen B.; Stevens, Richard; Shaw, Nancy L., comps. 2004. Restoring western
ranges and wildlands. Gen. Tech. Rep. RMRS-GTR-136-vol-1. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station. Pages 1-294
plus index.

This work, in three volumes, provides background on philosophy, processes, plant
materials selection, site preparation, and seed and seeding equipment for revegetating
disturbed rangelands, emphasizing use of native species. The 29 chapters include guidelines
for planning, conducting, and managing, and contain a compilation of rangeland revegetation
research conducted over the last several decades to aid practitioners in reestablishing healthy
communities and curbing the spread of invasive species. Volume 1 contains the first 17
chapters plus the index.

Keywords: rehabilitation, revegetation, plant ecology, seed, plant communities, wildlife
habitat, invasive species, equipment, plant materials, native plants

A—Reseeding on the Boise
River watershed, 1937.

B—Rangeland drill.
C—Elkonburnedwinterrange.

D—Sampling soil, north-central
Nevada.

E—Aerial seeding.

Front covers on all three volumes.
Desert Experimental Range Utah.
Photo by John Kinney.
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Foreword

E. Durant McArthur, Project Leader, Shrubland Biology and Restoration Research Work Unit,

Rocky Mountain Research Station, Shrub Sciences Laboratory, Provo, Utah

Restoring Western Ranges and Wildlands has had a
fairly long gestation period. The final product of three
volumes had its beginnings in 1983. At that time
research administrators of the Intermountain Forest
and Range Experiment Station (now part of the Rocky
Mountain Research Station) had obtained funding
from the Four Corners Regional Commission (FCRC)
to produce a series of research summary syntheses to
aid agriculture and natural resource values and man-
agement for the Four Corner States (Arizona, Colo-
rado, New Mexico, and Utah) and surrounding areas.
The FCRC, now defunct, was formed in 1965 as one of
five Federal regional commissions to aid regional
development in economically distressed areas. Restor-
ing Western Ranges and Wildlands was intended to
supplant the successful, out-of-print, Restoring Big
Game Range in Utah (Plummer and others 1968) with
a broader geographic coverage and new knowledge
gained during the intervening years. Restoring Big
Game Range in Utah was published by the Utah
Department of Natural Resources, Division of Fish
and Game. The authors, in addition to A. Perry
Plummer (aProject Leader and Range Scientist for the
Intermountain Forest and Range Experiment Sta-
tion), were Division of Fishand Game Biologists Donald
R. Christensen and Stephen B. Monsen. The three
were partofan integrated Federal and State workgroup
lead by Mr. Plummer and located at the Great Basin
Research Center in Ephraim, Utah (for additional
details see McArthur 1992). This volume served land
managers well. There are many dog-eared copies in
officesand libraries in Utah and elsewhere around the

West. It has been cited many times in peer-reviewed

literature of the Science Citation Index during the past
several decades (ISI Web of Science, online).

I sat with agroup of administrators and researchers
in a 1983 meeting in the conference room of the Shrub
Sciences Laboratory in Provo, Utah, as we laid out
plans for writing and compiling Restoring Western
Ranges and Wildlands by subject areas and possible
contributors. The lead compilation roles in the effort
were assigned to Stephen B. Monsen, by this time a
Botanist with the Intermountain Forest and Range
Experiment Station, and Richard Stevens, Project
Leader of the Habitat Restoration Unit of the Utah
Department of Natural Resources, Division of Wildlife
Resources. Steve and Richard also took on major
writing assignments. But delaying the publishing
date were continuing research assignments, other
demandsonthe compilers’time, ashiftinrevegetation
philosophy toward holistic landscape management
and emphasis on using native plants, and retirement
of both Steve Monsen and Richard Stevens. A third
compiler was added to the team—Nancy L. Shaw, a
Research Botanist on the Shrubland Biology and Res-
toration Research Work Unit posted in Boise, Idaho.
She worked tirelessly to see the project completed. All
three compilers deserve kudos for completion of this
massive project.

Many people have helped the authors and compilers
complete this work. | extend appreciation to dozens of
reviewers of the individual chapters but especially to
Robert B. Ferguson, retired Scientist from the Inter-
mountain Forest and Range Experiment Station, and
the late Homer D. Stapley, Scientist, from the Utah
Division of Wildlife Resources, who each reviewed



most of the manuscript. The manuscript was initially
prepared on several computer hardware and accompa-
nying software word processing systems. The prepara-
tion and integration of the manuscript was facilitated
by Pat Ford, Nancy Clark, and Roberta Leslie of the
Shrub Sciences Laboratory, and Scott Walker, Nalisa
Bradley, and Chris Wade of the Utah Divison of
Wildlife Resources, Great Basin Research Center in
Ephraim, Utah. Others who contributed to the project
include Rocky Mountain Research Station employees
who worked on indexing (Jan Gurr), reference compi-
lation (Karl Soerensen and Felicia Martinez), and
proofreading and general assistance (James Hall, Jim
Spencer, Darren Naillon, Kelly Memmott, Gary
Jorgensen, Melissa Scholten, Danielle Scholten, John
Kinney, Ann DeBolt, Matthew Fisk, Lynn Kinter,
and Nicholas Williams). Also contributing services
were the Library staffs of the Rocky Mountain Re-
search Station (Carol Ayer, Mary Foley, Lindsay
Bliss, Sally Dunphy, Elizabeth Parts, and Jolie
Hogancamp) and Pacific Southwest Research Station
(Irene Voit). The Rocky Mountain Research Station
Publishing Services lead by Louise Kingsbury, with

Nancy Chadwick, Lillie Thomas, Loa Collins, and
Suzy Stephens, performed exceedingly well in editing,
integration, layout, and design. Many of the line draw-
ings of plant species that are on the chapter introduc-
tory pages and illustrate the species in chapters 20
and 21 were prepared by Rocky Mountain Research
Technician Annielane J. Yazzie.

Thiswork represents the continuing collaboration of
the Rocky Mountain Research Station and the Utah
Division of Wildlife Resources. Both organizations
contributed materially to publication costs including
support from the Federal Pittman Robertson W-82-R
Projectfor wildlife habitat restoration. Other substan-
tial support came from the Forest Service State and
Private Forestry National Fire Plan, Bureau of Land
Management Great Basin Native Plant Selection and
Increase Program, and the Four Corners Regional
Commission.

I believe that the materials presented here in a “how
to, what with, and why” manner will be timely and
relevant for land managers and students in rehabilita-
tion and restoration of degraded Western wildlands

for years into the future.

Restoring
Big Game Range
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Stephen B. Monsen

History of Range
and Wildlife Habitat
Restoration In the
Intermountain West

Range, wildlife, watershed, and recreation research in the
Intermountain region is a relatively young science. Most early
research was initiated to rectify problems resulting from over-
grazing that resulted in a deterioration of range and watershed
resources. Thus, restoration measures were closely aligned to
range and watershed disciplines.

Campbell and others (1944) characterized four broad periods
of range research: (1) The exploratory period prior to 1905;
(2) limited intensive studies, 1905 to 1909; (3) organized experi-
ments undertaken throughout the mountainous West and the
Great Plains, 1910 to 1927; and (4) expanded research accompa-
nyingaggressive publicactiononrange problems, 1928 to present.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004




Chapter 1

The real growth in range and wildland research
began in response to Federal management policy
for newly created Forest Reserves (later called the
National Forest System). Unfortunately, the develop-
ment of range research lagged far behind the need,
and this lack of information has, in part, contributed
to serious problems that still exist in many areas.
Although some formal grazing studies were begun by
1910, comprehensive programs did not begin until
1935 (Campbell and others 1944).

The exploratory period described by Campbell and
others (1944) consisted of observational and investi-
gative works. The first was the discovery, collection,
and description of many native plants (Nuttall 1818;
Torrey and Gray 1838-43; Vasey 1889) (fig. 1). This
work was aided by the creation of the Division of
Botany established in 1868 within the Department of
Agriculture. The assemblage of these collections ulti-
mately lead to an understanding of plant distribution,
community associations, species abundance, and
ecotypic variation. A second area of work involved
notations of western pastures and range problems. A
third category consisted of exploratory investigations
by Department of Agriculture personnel in which
rangeland resources within the Forest Reserves were
described. These surveys identified research needs.

The range-livestock industry greatly expanded by
1880 and created extremely serious land administra-
tive problems (fig. 2). Development and implementa-
tion of realistic husbandry was made possible through
the creation of Forest Reserves including the Cas-
cade Range Forest Reserve developed in 1893, which
restricted grazing, driving, or herding of livestock
within any of the Reserves (Colville 1898). By 1905,
an administrative proposal was developed by Potter

Figure 1—Early plant exploration and classifica-
tion surveys helped to identify plant species and
community types.

History of Range and Wildlife Habitat Restoration in the Intermountain West

Figure 2—Livestock grazing seriously altered
plant communities, particularly on the high sum-
mer ranges of central Utah.

and Colville (1905) that served as a guide to land use
until passage of the Grazing Act of 1934.

In 1901, the Divisions of Agrostology and Botany
were consolidated within the Bureau of Plant Indus-
try. This led to studies relating to reseeding, grazing,
and the development of forage plants for rangelands
(Burtt-Davy 1902).

In 1905, the Forest Reserves were transferred from
the Department of the Interior to the Department of
Agriculture and then combined with the Bureau of
Forests to form the Forest Service. Grazing problems
were so acute that authority was given to control
animal numbers, distribution, and grazing duration.
Detailed grazing studies were organized. Initial ef-
forts were made to seed mountain rangelands with

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004



Chapter 1

pasture forages. Work began in Oregon but soon in-
cluded other areas in the West.

In 1910, the Office of Grazing Studies in the Forest
Service was established, and formal range research
efforts were developed. Most studies dealt with range
surveys, grazing reconnaissance, natural revegeta-
tion, and the formulation of grazing practices to im-
prove range and watershed conditions. Some State
Agricultural Experiment Stations were established
and developed supportive studies during this period
(Cotton 1905).

Watershed problems, including flooding and ero-
sion, were critical issues, particularly within the In-
termountain States. Consequently, a research facil-
ity, initially known as the Utah Experiment Station,
was established in central Utah on the Manti National
Forest (fig. 3). This center, later renamed the Great
Basin Experiment Station, initiated and conducted
studies of range management and revegetation.

The Bureau of Plant Industry conducted numerous
grazing studies that significantly influenced the selec-
tion and use of species for pasture grazing (Shantz
1911, 1924). Range research was transferred from the
Bureau of Plant Industry to the Forest Service in
1915. This consolidated and strengthened range re-
search in desert regions when the Santa Rita and
Jornada Experimental Ranges, established in 1912,
were added to the Forest Service base.

In 1926, the Office of Grazing Studies was trans-
ferred from the administrative branch of grazing and
established asadivisionin the branch of research. The
subsequent passage of McSweeney-McNary Forest
Research Act of 1928 funded and expanded researchin
timber, range, and watershed at various experiment
stations. The Act consolidated all Forest Service range
research into regional units and experiment stations.
It provided for increased cooperative research with
State Agricultural Experiment Stations. It also ex-
panded research activities to include artificial range

Figure 3—The establishment of the Great Basin
Station in Ephraim Canyon, Utah, facilitated ex-
tensive range and watershed research activities.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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revegetation, wildlife, and other land values. Artifi-
cial revegetation studies included the selection of
native species for future improvement and the adap-
tion of native and introduced species for site improve-
ment (Forsling and Dayton 1931, Price 1938; Stewart
and others 1939). The studies were primarily located
at the Intermountain and Rocky Mountain Forest and
Range Experiment Stations.

Establishment of the Great Basin Station quickly
generated range and watershed research within the
Intermountain region. The station’s location in the
Great Basin Province was representative of areas
including most of the western half of Utah, nearly all
of Nevada, California east of the summit of the Sierra
Nevada, a large area in southeastern Oregon, portions
of southeastern Idaho, and southwestern Wyoming
(Keck 1972). Consequently, research efforts were ex-
panded to coordinate with other field locations in
Idaho, Nevada, Utah, and Wyoming.

By 1900, livestock grazing had seriously disrupted
vegetation in many plant communities within the
Great Basin. Extremely critical problems existed on
high summer ranges of the Wasatch Mountains and
Wasatch plateau. Serious flooding and erosion from
high mountain ranges were critical problems. Initial
research at the Great Basin Station dealt with
assessment of watershed problems and development
of measures to correct summer flooding. In 1913,
researchers turned their attention to restoring sites
by natural reestablishment of native species and di-
rect seeding with natives and exotics. Field adaptabil-
ity study sites were established in aspen and grass-
forb communities, and additional species and field
plantings were established in subsequent years. By
1930, considerable information had been accumulated
relating to species performance and site adaptability.
Many artificial seedings using both native and exotic
species were highly successful (Forsling and Dayton
1931).

Beginning in the early 1930s, scientists from the
Intermountain Forest and Range Experiment Sta-
tion united to acquire and field test an extensive
array of herbaceous and woody species for use on
range and watershed sites in Utah, Nevada, ldaho,
and Wyoming (fig. 4). Field testing centers were lo-
cated at representative sites in the major plant com-
munities in these States. Field plantings and evalua-
tions were carefully maintained at most locations for
approximately 20 years. New selections and plant
materials were added to the program. Planting sites and
environmental conditions were monitored, and plant
performance was compared with growth response of
adjacent native communities (Frischknecht and
Plummer 1955; Pearse and others 1948; Plummer and
others 1955).



Chapter 1

Figure 4—Three of the early species selection
plots established at the Great Basin Station. The
plots helped to identify plants for use in revegeta-
tion efforts.

History of Range and Wildlife Habitat Restoration in the Intermountain West

Field studies included the assessment of species and
the development of planting equipment, methods of
seeding, and seedbed preparation (Plummer and
others 1943; Stewart 1949). Various equipment and
planting practices were developed to treat steep, rough
terrain and rangelands (Pechanec and others 1965),
but most methods and implements were developed for
seeding grasses and broadleaf herbs (fig. 5).

The USDA Natural Resources Conservation Service
Plant Materials Centers selected and tested herba-
ceous plants during this same period. Their efforts
resulted in the release and use of many important
cultivars (Hafenrichter and others 1949; Hanson 1965).
Various State Agricultural Experiment Stations and
universities were also conducting species selection
and field planting procedures (Cook and others 1967).

In 1954, the testing and development of grasses and
broadleaf herbs was transferred from the USDA For-
est Service to the newly created USDA Agricultural
Research Service. This agency has released numerous
introduced, and more recently native cultivars and
germplasms.

Problems with big game ranges, particularly winter
ranges, became important issues during the 1940s
and 1950s. State Game and Fish Departments recog-
nized that game herds and livestock grazing had
decimated many important game ranges in nearly
all Intermountain States. Scientists and research or-
ganizations previously affiliated with range research
were solicited for support. Big game habitat and im-
provement research was begun in Idaho, California,
and Utah by Forest Service scientists, but it was
funded in part by State agencies in Idaho, Oregon,
and Washington. Many herbs previously developed
for range purposes proved equally useful for wildlife,
but a shift in emphasis from herbs to shrubs took
place.

Cooperative shrub research between the Utah Divi-
sion of Wildlife Resources and Intermountain Re-
search Station began in 1957. This cooperative effort
expanded over time, resulting in the establishment of
the Forest Services’ Shrubland Biology and Restora-
tion Project. The project has contributed to the selec-
tion of many useful shrubs and herbs, including devel-
opment of cultural techniques required to rear and
plant these species.

The presence of testing sites, research facilities,
and experience with the culture of forage plants
developed by earlier researchers at the Great Basin
Station aided initial progress in shrub research. In
addition, considerable testing and culture of woody
plants for conservation plantings (George 1953;
Haynes and Garrison 1960; Horton 1949; Mirov and
Krabel 1939; Van Dersal 1938) and upland gamebird
habitatimprovement (Miller and others 1948) provided

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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Figure 5—A major problem confronting range
and wildlife seeding has been the lack of equip-
ment suitable for operating on irregular terrain.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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useful species and rearing techniques (Doran 1957)
that were adapted to big game habitat improvement
(Brown and Martinsen 1959; Plummer and others
1968).

Restoring wildlife habitat by artificial seeding of
shrubs and broadleaf herbs has been hindered be-
cause of the erratic germination characteristics of
various shrubs, the inability of shrub seedlings to
compete with herbs, and the lack of equipment capable
of operating on steep, mountainous terrain. Yet, con-
siderable progress has been achieved in selecting and
developing useful shrub species, ecotypes, and culti-
vars for game and range seedings. Selections have
been advanced primarily through cooperative efforts
by the USDA Forest Service, Intermountain Research
Station and continue under the present Forest Service
structure of the Rocky Mountain Research Station;
USDA Soil Conservation Service; and the Utah Divi-
sion of Wildlife Resources (McArthur and others 1985;
Monsen and Davis 1985; Stevens and others 1985c;
Stutz and Carlson 1985).

Numerous scientists, agencies, and universities have
expanded the scope of shrub research since the 1970s.
Although numerous studies have been completed,
requirements for establishing many native species
that have received little use in past seeding efforts
remain largely unknown. Many shrub-dominated
communities, particularly in semiarid and arid lands,
are difficult to restore using current practices. Con-
sequently, the challenge to enhance rangelands
remains formidable.
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E. Durant McArthur
Sherel K. Goodrich

The Intermountain
Setting

This book is intended to assist range managers throughout the ¥ N\
Intermountain West (fig. 1). The areas of greatest applicability &
are the Middle and Southern Rocky Mountains, Wyoming Basin,
Columbia and Colorado Plateaus, and much of the basin and
range physiographic provinces of Fenneman (1981) or about
14° latitude, from the Mohave, Sonoran, and Chihuahuandeserts
to the northern Rocky Mountains, and 15° longitude, from the
Great Plains to the Sierra Nevada-Cascade Mountain axis. This
large area contains diverse landforms and several major vegeta-
tional communities. Nevertheless, landform and vegetative type
are repeated often enough to consider the multifaceted units.
We emphasize the broad vegetation types listed in table 1.
Bailey's (1978) attempt at a continental-scale treatment recog-
nized vegetative types, but Kuchler (1964), also working on a
continental scale, recognized at least 28 vegetative types.
Bailey’s treatment, for example, doesn’'t map out the extensive
juniper-pinyon woodlands of the Great Basin, whereas
Kuchler’s treatment does. Holmgren (1972) recognized four
floristic divisions, divided into 16 floristic sections, in an area co-
inciding approximately with the southwestern half of figure 1. As

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004 7



Chapter 2 The Intermountain Setting

Figure 1—The Interior West locations that are covered in this
book, with general vegetative types of Bailey (1978):

e 3120 = Palouse Grasslands Province

¢ 3130 = Intermountain sagebrush Province

» 3131 = Sagebrush-wheatgrass section

» 3132 = Lahontan saltbush-greasewood section

» 3133 = Great Basin sagebrush section

» 3134 = Bonneuville saltbush-greasewood section

» 3135 = Ponderosa shrub forest section

A3140 = Wyoming Basin Province

» A3141 = Wheatgrass-needlegrass-sagebrush section

» A3142 = Sagebrush-wheatgrass section

e P3130 = Colorado Plateau Province

* P3131 = Juniper-pinyon woodland and sagebrush-
saltbush mosaic section

» P3132 = Grama-galleta steppe and juniper-pinyon
woodland mosaic section

M3110 = Rocky Mountain Forest Province

* M3111 = Grand fir—Douglas-fir forest section

* M3112 = Douglas-fir forest section

* M3113 = Ponderosa pine—Douglas-fir forest section

M3120 = Upper Gila Mountain Forest Province

8 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004



Chapter 2

The Intermountain Setting

Table 1—Vegetation types of the Intermountain region.

Characterization of vegetative types

Geographic area Large

Small Disturbed and depauperate

Valleys and lower

mountain slopes
Big sagebrush *
Shadscale *
Pinyon-juniper *
Black greasewood
Inland saltgrass
Blackbrush
Lowland annual weeds
Cheatgrass and red brome

Montane?®
Aspen-conifer *
Mountain brushlands *
Subalpine herblands
Wet and semiwet meadows

Transitional; including
both mountain and valley
Riparian

E T

#Exclusive of alpine habitats.

smaller geographical areas or particular vegetation
types are examined more closely, additional vegeta-
tion types or subtypes become apparent. Foster (1968)
treated 23 major vegetation types in Utah. Passey and
others (1982) treated nine major and 27 subservient
vegetation types of sagebrush-dominated communi-
ties in western Wyoming, southern Idaho, northwest-
ern Utah, and northeastern Nevada.

Our choice (table 1) is to (1) consider plant assem-
blages together that respond in a similar manner to
rehabilitation practicesand (2) treat those assemblages
that are most in need of restoration (because of distur-
bance or low productivity) and that have the potential
for higher productivity. Some smaller vegetative com-
munities within the area are not considered.

The Intermountain landscape varies widely. This
land of considerable topographic relief contains moun-
tains, valleys, and plateaus that create complex pat-
terns (fig. 2, 3, 4). Many mountain-building events
occurred inthe relatively recent geologic past (Axelrod
1950; Fenneman 1981). Soil types are likewise com-
plex, and soil conditions change rapidly over just a few
miles. Soils are often alkaline but may be neutral or
more rarely acidic depending on parent material
(Shelford 1963). Consequently, the vegetative com-
munities form complex mosaics and islands in the
Intermountain area (Fenneman 1981; Passey and
others 1982; Tidwell 1972).

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004

The landscape and present climatic patterns are
relatively new, and the flora and plant associations,
especially in lowland areas, have not been in place for
more than 10,000 years. Therefore, plants have been
quite active in evolving new forms and establishing
equilibria (Axelrod 1950). Plants in many cases have
not reached their maximum area of adaptation. The
current high mountains trap precipitation and cast
rain shadows. Examples of the role of topography
and attendant moisture trapping are illustrated in
figures 4 and 5. Formerly, the precipitation was more
evenly distributed and the tree species of the moun-
tains were continuous over much of the area. The
woody Artemisia and Atriplex shrubs that dominate
much of the lowland landscape were either minor
fringe components of the vegetation or were substan-
tially displaced from their area of present distribution.

We treat 13 vegetative types in this book (table 1).
The more widespread types cover much greater land
areas than the restricted types. Some of the listed
types are disclimax communities (lowland annual
weeds and cheatgrass-red brome grass) brought about
by human activities. Others have a substantially dif-
ferent vegetative makeup (for example, the big sage-
brush communities) because of human actions such as
grazing programs. We have excluded consideration of
the creosotebush vegetative type, which occurs on the
southwestern periphery of the Intermountain area
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Figure 2—Topographical examples of the Intermountain area from Peterson (1981). (A) Mountain-
valley fan with fan remnants [f] and inset fans [l]. (B) Mountain from alluvial fans with alluvial fans [A],
interfan valley [V], and fan piedmont [P]. (C) Mountain front topography with ballenas [B], inset fans
[11, and fan piedmont [P].

10 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004



Chapter 2

The Intermountain Setting

Figure 3—Map locating positions of vegetative types shown in
topographic cross section in figure 4.

(fig. 1), because that area is essentially warm desert
(Holmgren 1972) and that ecosystem behaves radi-
cally differently from the cooler areas that are the
subject of this book.

The Intermountain region, with the notable excep-
tion of a few metropolitan areas, is sparsely settled.
Communities occupy a relatively small portion of the
land. Agriculture, other than grazing, is restricted by
water availability and rough topography, although
there are some notable agricultural tracts in several
Intermountain valleys and on the Snake River and
Columbia River plains. In Utah, for example, only
1,436,000 acres (581,000 ha) (2.6 percent of the State)
is currently irrigated, and only 5,629,000 acres
(2,278,000 ha) (10.4 percent of the State) is arable or
potentially arable (Wahlquist 1981).

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004

The land provides habitat for many animal species
(Shelford 1963). In the sagebrush areas are three
important ungulates (elk, mule deer, pronghorn ante-
lope), 13 carnivores (badger, coyote, bobcat, skunks,
weasels, foxes, and others), 50 small mammals (chip-
munks, grasshopper mice, deer mice, pocket mice,
kangaroo mice and rats, woodrats, jackrabbits, cotton-
tail rabbits, pocket gophers, voles, squirrels, prairie
dogs, marmot, porcupines, and others), four game
birds (grouse, dove, chukar, and quail), and 15 raptors
(McArthur 1983a). Numerous songbirds inhabit the
region. In a shadscale community in Utah’'s Uinta
Basin, for example, 35 species of birds, many of them
songbirds, were observed over a 2-year study
(McArthur and others 1978b). Several of these spe-
cies are managed for hunting and constitute a major

11
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Figure 4—Cross sections of physiographic provinces showing elevation and topographic positioning of vegetative types located in
figure 3. A and B are after Shelford (1963), C through J are after West (1983). Legend:

*AM
*BB
*CB
*DF
*FR
*FB
*GT
*JP

°LB

°LH

= Lodgepole pine (Pinus contorta), mountain hemlock

Alpine meadow and fellfield

Blackbrush (Coleogyne ramosissima), semidesert

Creosotebush (Larrea trideniata) desert
Douglas-fir (Pseudorsuga menziesi) forest
Red fir (Abies magnifica) forest

Wheatgrass (Agropyron), bluegrass (Poa) grassland

= Galleta (Hilaria jamesii), threeawn (Aristida) shrub steppe
= Juniper (Juniperus osteosperma - J. occidentalis),

pinyon (Pinus monophylla - P. eaulis) woodland

= Limber pine (Pinus flexilis), bristlecone pine (Pinus

longaeva) forest

(7suga mertensiana) forest

5,000 f1 (1,500 m}

NS

4,000 ft (1,200 my)

*MB = Mountain brush shrubland

*PJe = Ponderosa pine (Pinus ponderosa)-Jeffery pine
(Pinus jefireyr) forest

*PP = Ponderosa pine forest

*RF = Riparian forest

*SD = Salt desert shrubland

*SF = Spruce (Pricea engelmarnni)-fir (Abies
concolor, A. lasiocarpa) forest

*SG = Sagebrush (Artemisia) semidesert

*SS = Sagebrush steppe

*WD = White fir—Douglas-fir forest

* USG = Upper sagebrush shrubland

* WP = Whitebark pine (Pinus albicaulis) forest.

INTERMNALLY
DRAINED
BASIN

Figure 5—Elevation and site relationships among dominant plant species in the Great Basin of

southeastern Oregon. Plant symbols are:

Plant Scientific
symbol name

AGSP Agropyron spicatum
ARCA Artemisia cana
ARNO Artemisia nova
ARSP Artemisia spinescens

ARTRT A tridentata ssp. tridentata
ATCO Atrjplex confertifolia

CELE Cercocarpus ledifolius
DISTI Distichiis spp.

FEID Festuca idahoensis
JuocC Junijperus occidentalis
PIPO Pinus ponderosa

POTR Populus tremuloides
SAVE?2 Sarcobatus vermicularus
SYOR Symphoricarpos oreophilus

(Diagram from Dealey and others 1981).

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004

Plant Scientific
symbol name
ARAR Artemisia arbuscula
ARLO Artemisia longiloba
ARRI Artemisia rigiada

ARTR2 Artemisia tripartiia
ARTRV A. L ssp. vaseyana

CARU Calamagrostis rubescens
CEVE Ceanothus velutinus

ELCI Elymus cinereus

GRSP Grayia spinosa

MURI Muhlenbergia richardsonis
POSE Poa secunda

PREM Prunus emarginata

SIHY Sitanion hystrix
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recreational resource (Wallmo 1975). Other recre-
ation includes camping, hiking, photography, nature
appreciation, and harvesting food such as berries or
roots.

Two additional major uses of Intermountain lands
are for grazing of domestic livestock and for mining.
The livestock industry in the Intermountain area was
historically, and is currently, a sustaining source of
regional income. Thomas (1973) gave a livestock
value of nearly $2 billion for over 16 million head of
livestock in Idaho, Wyoming, Colorado, New Mexico,
Arizona, Utah, and Nevada. The mining industry was
important historically, as well as currently. The Inte-
rior West is endowed with vast deposits of fuels and
minerals. These resources are being exploited at an
increasingly rapid rate as the Nation’s mineral and
energy needs expand. Many of these fuel and mineral

14
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resources are amenable to surface mining, which
disturbs large land areas. The most prominent re-
sources currently surface-mined or with such poten-
tial are coal, oil shale, phosphate, and uranium. Other
mineral resources of the area include copper, lead,
zinc, molybdenum, gold, nickel, iron, silver, gypsum,
clay, vermiculite, pearlite, talc, flagstone, flourspar,
sands, and gravel (Copeland and Packer 1972).

Intermountain lands are multiple use lands. Some
uses impact on other uses as, for example, mining
and livestock grazing on wildlife habitat. Virtually all
uses have some impact on the premier value of the
land as a stabilized productive watershed. Keeping
the land productive, useful, and stable should be a
universal goal, and to that end we dedicate the prin-
ciples, procedures, and information you will discover
in this book.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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Research Background

The rangeland in the Intermountain West urgently required
a scientific basis for its management, especially after the
great mid-1800's livestock buildup, and then the plant die-off
following the severe winters and droughts of the late 1800’s
(Stoddartand others 1975). After examining the Western ranges,
Jared G. Smith (1895), an agrostologist with the U.S. Depart-
ment of Agriculture, wrote that the perennial species were being
overgrazed and were disappearing and were being replaced by
weedy annuals. He maintained that no more livestock should
be put on an area than could safely be carried through a poor
season. Gaining public and livestock owners’ acceptance of this
concept has been a problem ever since (Stewart 1936).

The Associate Chief of the Forest Service in a Congressional
report (Clapp 1936) maintained that severe depletion on ranges
was universal and that most Western U.S. range types were in a
depleted condition (depleted at least 50 percent from their origi-
nal condition). These generalized Western range types included
short grass, Pacific bunchgrass, semidesert grass, sagebrush-
grass, southern desert shrub, salt-desert shrub, pinyon-juniper,
and mountainbrush. He also indicated that the depleted condi-
tions had far-reaching negative effects on wildlife and recreation.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004 15
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Formal range research began about 1910, but a
comprehensive range research program did not begin
until 1935. Land managers, livestock operations, and
the public needed research to be better informed on
how to incorporate multiple land use management
concepts and to take care of the irreplaceable land
resources.

Near the turn of the century, some 1,500 attempts
were made to improve the badly depleted Western
ranges. These attempts largely failed, resulting in low
enthusiasm and optimism for range seeding. The
failures were thought to be primarily caused by inad-
equately adapted seed sources (mostly cultivated vari-
eties) and insufficient site preparation (Stoddart and
others 1975).

Establishment of the Great Basin Station (now
known as the Great Basin Experimental Range) in
1912 quickly generated a variety of range and water-
shed research within the Intermountain Region.
Early research at the Great Basin Station dealt with
watershed management, effects of grazing on vegeta-
tive cover, and the relationship of these to erosive
flooding from high intensity summer storms (Keck
1972).

Shortly after the project began in 1912, researchers
tried revegetation with shrub plantings. Cuttings of
many adapted shrubs were placed in the heads of
mountain streams with the object of helping reveg-
etate these depleted areas to prevent flooding. A
short time later, shrub cuttings were placed in gullies
and stream channels. Plantings were also made on
depleted intervening ranges.

Research later looked at natural seeding by native
species and artificial seeding with native or intro-
duced species. Permanent quadrats were established
to study the resulting changes in vegetative cover.
Experiments with different species, mostly native
(some exotics), were conducted to determine which
were adapted to areas needing revegetation.

In the 1930s, and broadening in the 1950s, research
was centered on plant species of value to wildlife. Still
ongoing, this research has emphasized species adap-
tation, methods of seedbed preparation and seedling,
optimum time for planting, and the effect of already
established vegetation on the establishment of seeded
species.

Research has stressed the importance of selected
woody species, in combination with herbaceous spe-
cies, for range and watershed in the Great Basin. This
was a significant departure from research being con-
ducted on herbaceous species only. Such work was
done from the late 1920s through the mid-1930s on a
seeding within the oakbrush zone (Keck 1972). This
work was initiated because drought and heavy graz-
ing within the oakbrush type had greatly reduced
understory production. To make the oakbrush more
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productive, different species and seeding techniques
were tried. The research effort on seeding was ex-
panded across the broad geographic area of the Inter-
mountain region in 1935. The study areas were in all
life zones up to the much higher subalpine zone.

Since the late 1940s, State and Federal agencies and
Western universities have devoted considerable effort
in this area of research. In the latter years, the re-
search has dealt with equipment development from
collecting to planting seed. New areas of research
include selection of races, strains, and varieties of
species with regard to vigor, growth rate, and growth
form; nutritional characteristics; drought tolerance;
cold tolerance; animal preference; adaption; resistance
to heavy repeated use; methods of reducing competi-
tion of naturally occurring plants; season to plant and
methods of planting; species mixture compatibility;
seeding rates and planting depths; and the broad
ecological effect of the resulting vegetative changes
(Plummer and others 1968).

Problems with big game ranges, particularly winter
ranges, became important issues during the 1940s
and 1950s. State Game and Fish Departments recog-
nized the unrestricted livestock grazing and wildlife
use had devastated many critically important winter
game ranges. Scientists and research organizations
previously affiliated with range research were solic-
ited for their support. Big game habitat improvement
and plant materials research began in earnest in
Washington (Brown and Martinsen 1959), ldaho
(Holmgren 1954; Holmgren and Basile 1959), Califor-
nia (Horton 1949; Sampson and Jespersen 1963), and
Utah (Plummer and others 1968).

A cooperative effort between the Utah State Divi-
sion of Fish and Game and the Intermountain Forest
and Range Experiment Station of the USDA Forest
Service began formally in 1955. This enhanced effort
focused on pinyon-juniper woodlands and associated
sagebrush-grass communities in poor condition, where
there were heavy deer losses, especially during the
severe winter of 1948 to 1949. The aim stressed the
urgency of restoring forage production for both wildlife
and livestock and improving soil stability. Species
adaptation trial work has been done at more than
70 sites throughout Utah (including plant communi-
ties in the salt desert up to subalpine). Since 1955, the
project has evaluated 39 genera and 244 species of
grasses (2,000 accessions); 207 generaand 527 species
of forbs (1,800 accessions); and 90 genera and 270
species of shrubs (2,000 accessions). To date, this
project has evaluated more than 6,000 accessions of
plants.

Asearlyas 1957, this cooperative project was offering
practical solutions to problems of inadequate produc-
tion and suitable species to help relieve game range
problems (Plummer and others 1957). Beginning with
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the first initial 1957 report, annual reports were
published through 1967 (Plummer and others 1966a).
The reports were culminated and summarized in a
book, Restoring Big Game Range in Utah, by Plummer
and others (1968). The reports began by identifying
site factors that limited the establishment of some of
the commonly planted species. Researchers studied
species adaptation to help determine desirable forage
plants that could be grown on the various vegetative
communities (emphasis was on pinyon-juniper sites)
throughout Utah. Work has continued on recognizing
suitable sites and determining how to identify poten-
tial production on sites. Research has also looked at
viability of native seeds and the environmental condi-
tions favorable to their germination. Germination
requirementswere determined for many grasses, forbs,
and shrubs, which helped develop better methods and
equipment for planting these species. Studies deter-
mined “onsite requirements” to prepare for seeding
and the basic practical methods for preparing wild-
land sites and for planting inaccessible areas.

Various equipment development centers and the
Range Seeding Equipment Committee helped develop
research on more effective equipment for collecting,
cleaning, storing, and planting wildland seed. Con-
siderable effort has been put into design, construction,
testing, and field demonstrations. The demonstra-
tions include use of some of the following equipment or
techniques: cables, anchor chains (light to heavy,
smooth, or Ely chains), shrub seeders, seed dribblers,
aerial seeding, shrub transplanting, interseeding,
diskchaining, Rangeland drills (using a mixture of
seeds from shrubs, forbs, and grasses), and pipe harrows
(Larson 1982; Roundy and Call 1988; USDA Forest
Service 1992b).

Early efforts dealt with problems associated with
the depredation of seeds by rodents, rabbits, birds,
insects, and other biotic factors. Another major con-
cern was the high population of grazing rabbits con-
suming mostly succulent forb species (Plummer and
others 1968). These biotic factors do not appear to be
as much a problem for range revegetation work as
they used to be because of the decline in rabbit popu-
lations and late fall planting and seeding of larger
areas. However, rodent depredation of shrub seeds
(primarily bitterbrush) is considered as major a prob-
lem today asitwas in the 1950s (Brown and Martinsen
1959; Everett and Stevens 1981; Holmgren and Basile
1959). Long-range studies were established using
fourway exclosures to help determine compositional
development of seeded and native species after chain-
ing juniper-pinyonwoodlands and how protection from
grazing then affected deer, rabbits, and livestock.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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Restoring wildlife habitat by artificial seeding of
shrubs and broadleaf herbs has been somewhat hin-
dered because of erratic germination characteristics
of various species, the inability of shrub seedlings to
competewith herbs, and the lack of equipment capable
of operating on steep, mountainous, and undulating
terrain. Considerable progress has been made in
selecting and developing useful shrub and forb spe-
cies, ecotypes, and cultivars for wildlife and range
seedings (Plummer and others 1968). Official releases
or cultivars come primarily through cooperative ef-
forts of the USDA Forest Service, Intermountain
Research Station (now called Rocky Mountain Re-
search Station), the Utah Division of Wildlife Re-
sources, and USDA Natural Resources Conservation
Service (McArthurand others 1985; Monsen and Davis
1985; Stevens and others 1985c; Stutz and Carlson
1985). Today, seed growers know more about seed
production and how to use marginal croplands to
produce quality seed from official releases, or how
cultivars of these selections could become more
widely available in larger quantities and also be less
expensive to use in wildland revegetation work.

Shrub research has been expanded significantly
since 1960 by numerous scientists, agencies, and
universities. But, although we have considerable
information, techniques of shrub plantings and long-
term performance of shrub-herb seedings still have
not been thoroughly investigated. Current research is
trying to further refine basic principles and tech-
niques for the conversion and successful establish-
ment of selected species mixtures onto wildlands.
Some of these inquiries seek to understand the
fundamentals of successional trends for these reha-
bilitated communities and how management can alter
these trends for a longer lasting and productive con-
version. Other work looks at species relationships
and how compatible the associations of seeded and
native speciesare duringsuccession. Researchers seek
alternative methods to enhance critical wildlife habi-
tats without damaging key species or plant associa-
tions that are in poor vigor and density because of
competition from unrealistically high densities of un-
desirable species.

This book is a compilation of research and experi-
ence acquired since the conception of the Great Basin
Station. It reflects decades of cooperative work be-
tween the Forest Service's Intermountain Research
Station, the Utah State Division of Wildlife Resources,
and many other agencies and universities. The book is
our gift of knowledge and our wish for a productive
future for our Nation’s rangeland.
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Richard Stevens

Basic Considerations
for Range and
Wildland Revegetation
and Restoration

Plummer and others (1968) proposed 10 principles to follow
when planning and implementing rangeland revegetation pro-
grams. These principles—or basic considerations for rangeland
managers—are applicable to most sites in the Western United
States (Jordan 1981; Merkel and Herbal 1973), and many projects
in the Intermountain area have been conducted successfully by
following them. This chapter provides a discussion of each prin-
ciple and refers the reader to the other chapters of this book
where more information may be found. These should be consid-
ered general guidelines and may require modification for local or
unusual situations.
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Ten Principles of Rangeland
Revegetation

Principle 1: The proposed changes to the
plant community must be necessary and
ecologically attainable

See chapters 5, 6, and 7.

The general goal of most revegetation projects is to
change a plant community having undesirable char-
acteristics to one with desirable characteristics. Land
managers must determine whether the proposed
changes are necessary or desirable and ecologically
sustainable (fig. 1). Revegetation normally involves
changes in community composition, plant cover and
density, and reduction in competition from undesir-
able species. If the results are to be sustainable, sites
targeted for revegetation must have the ecological
potential to support the proposed changes and to
initiate natural successional processes following treat-
ment. The goal of many wildland revegetation projects
is to reestablish native species and restore natural
community functions. However, attempts to com-
pletely convert one native plant community to an-
other or to a community of introduced species are
usually not recommended.

Areas that support a satisfactory number of native
species will normally recover with proper manage-
ment if invasive species are not present. Reduction in
competitionis best accomplished by selecting the most
reliable technique that will have the least impact on
existing desirable species. Controlled burning, appli-
cation of selective herbicides, and various mechanical
techniques can be used to remove or reduce competi-
tion and permit recovery of understory species.

Principle 2: The terrain and soil must
support the desired changes

See chapters 6 and 7.

The potential productivity of a site must be consid-
ered when planning revegetation projects. The USDA
Natural Resources Conservation Service has com-
pleted soil classification surveys and soil descriptions
for most range sites in the Intermountain area. These
descriptions provide information that can be used to
estimate potential productivity of individual sites
and to select appropriate species for seeding them.
Stevens and others (1974) defined various site char-
acteristics that significantly affect productivity of
semiarid juniper-pinyon and sagebrush/grass sites in
Utah. The most important features were:

* Depth of the soil surface and subsurface horizons.
e Soil texture and the amount of salt in surface and
subsurface horizons.
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Figure 1—The maintenance of diverse communi-
ties must be a key priority for land management
throughout the West. Intact communities should not
be altered or disrupted.

® Occurrence and location of hardpans or restric-
tive layers in the soil profile.

Within these plant communities are areas having
coarse, rocky, shallow, alkaline, or saline soils. Restor-
ing native vegetation on these sites may be quite risky
and will most likely require considerable investment
that may be difficult to justify. Justifications may
include controlling erosion, stabilizing disturbances,
containing weeds, reducing fire, or providing wildlife
habitat. Extremely large disturbances of such envi-
ronments occur in the Intermountain region, and most
continue to degrade, usually through weed invasion.
These situations must be addressed, and more reliable
practices must be developed to better assure success-
ful restoration (fig. 2).

Figure 2—Low elevation and arid sites commonly
occupied by annual weeds are extremely difficult
to revegetate. Remedial treatments are required
to curtail the spread of weeds.
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Species presence, age class distribution, and plant
vigor can provide an index of soil types and the produc-
tivity and potential of an area to support specific
species and communities. For example, sites with a
predominance of small, but older pinyon or juniper
trees generally have shallow soils. Likewise, rela-
tively low-growing black sagebrush and winterfat oc-
cur on specific soil types. The presence or absence of
different species may provide indications of specific
physical or chemical properties of the soil. The pres-
ence of certain chenopods, for example, usually indi-
cates basic and heavy soil textures.

In many cases, terrain and surface conditions deter-
mine whether a site can be treated and the techniques
and equipment that can be used. Treatment of steep
slopes is usually more costly than level areas, but
successful chaining has taken place on sites with up to
65 percent slopes. Plowing, disking, harrowing, bull-
dozing, interseeding, transplanting, and other inten-
sive treatments are usually confined to sites with less
than 25 percent slopes.

Principle 3: Precipitation must be
adequate to assure establishment and
survival of indigenous and planted
species

Refer to chapters 6 and 7.

Water is often the most critical factor affecting
seedling survival and plant establishment in semiarid
and aridregions. Generally, revegetation efforts should
not be initiated in areas receiving less than 9 inches
(230 mm) of annual precipitation. Before selecting
species for a revegetation project, annual precipita-
tion and seasonal distribution of precipitation should
be determined (Jordan 1983; Stevens and others 1974).
The most critical periods for soil moisture availability
are those preceding and during germination (Jordan
1983). Consideration of annual moisture availability
on the site must be a major factor in selecting species
for planting. Seedling establishment of some species
may only be successful during years with unusually
high rainfall during the critical periods. Some species
may be slow to establish even though they are common
or dominant species on low precipitation sites.

Principle 4. Competition must be
controlled to ensure that planted species
can establish and persist

Refer to chapters 5 and 8.

Young seedlings of most species are usually unable
to compete with established vegetation. Undesirable,
highly competitive species must be removed or re-
duced in density to allow seedling establishment of the
planted species (fig. 3). Stands of juniper-pinyon,
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cheatgrass, medusahead, red brome, cluster tarweed,
and various perennial weeds are some of the competi-
tive species that must be reduced in density to better
assure establishment of seeded species. Methods de-
veloped to reduce competition include:

e application of selective herbicides
¢ anchor chaining or railing

¢ disking

¢ undercutting

¢ plowing and interseeding

e fire

Individual methods usually do not completely elimi-
nate all plants but can sufficiently reduce competition
to allow seeds of the planted species to germinate and
establish. Treatments can often be difficult to select
and implement where retention of existing and desir-
able species is desired.

Principle 5: Plant and manage site
adapted species, subspecies, and
varieties

Refer to chapters 12 and 17.
Factors important in determining which plant
materials should be selected for seeding are:

e Use of site-adapted species and populations.

* Presence, density and composition of indigenous
plants.

* The availability of seed or planting stock.

* Project objectives.

Successful range improvement projects begin with
the selection of species that are adapted to the area
proposed for treatment. One must make certain that

Figure 3—Reducing competition from weedy
annuals is essential to increase the probability
that seeded species will establish.

21



Chapter 4

only adapted sources and strains are used. Generally,
seed from populations growing under climatic and
edaphic conditions that are similar to those of the
proposed treatment area are most likely to survive.
Materials selected for planting must be able to estab-
lish, persist, and reproduce on the site.

Care must be taken to prevent overseeding species
that may be aggressive and dominate the site. Rapidly
developing species are often included in seed mixtures
to provide ground cover and forage and to modify
microclimates while slower developing species become
established. Management should seek to maximize
establishment of all desired species, whether seeded
or presentin the existing vegetation. Seeding the right
combination of plants is critical to the ultimate com-
munity diversity that develops over a number of years.

Principle 6: A multispecies seed mixture
should be planted

Refer to chapters 12 and 17.

Many early revegetation projects emphasized the
use of a limited number of species. For most wildland
revegetation projects today, however, there are many
reasons to seed mixtures rather than single species:

* Restoration of native plant communities usually
requires the reintroduction of a variety of species
to provide community structure and function.

* A combination of species is normally required to
initiate natural successional processes.

* A variety of species that are adapted to the
diverse microsites occurring within major
seedings should be seeded.

* Mixtures reverse the loss of plant diversity and
enhance natural recovery processes following
natural impacts from insects, disease organisms,
and adverse climatic events.

* Chances for successful seeding are often im-
proved when mixtures are planted.

* Mixtures can provide improved ground cover and
watershed stability.

* Mixtures produce communities that provide
greater potential for reducing weed invasion and
for providing for a balance in the use of all
resources.

¢ Combinations of species can provide better qual-
ity habitat including cover and seasonal forage.

¢ Total forage production and seasonal succulence
can be increased with mixtures.

* Mixtures are generally more aesthetically pleas-
ing and match natural conditions.

* Mixtures provide diverse habitats required to
sustain wildlife species.

Seeded mixtures should include the various growth
forms, that is: grasses, forbs, shrubs, and trees that
existed prior to disturbance. Seeded and indigenous
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species must be compatible and able to establish and
develop together. Successional changes must occur
that will result in the ultimate development of a
desirable plant community.

A few special situations such as providing immedi-
ate ground cover to stabilize erosion may occasionally
dictate the seeding of only one or a few species. Be-
cause some shrubs establish and grow much slower
than many herbs, planting individual woody species
with plants having similar establishment and growth
characteristics is recommended. Selectively planting
different species in separate rows or spots is some-
times required.

Principle 7: Sufficient seed of acceptable
purity and viability should be planted

Refer to chapters 12 and 17.

It is important to calculate seeding rates carefully.
Planting excessive seed is unnecessarily expensive
and increases competition among seedlings and indig-
enous species. Low seeding rates, on the other hand,
may jeopardize stand establishment.

It is essential that seeding rates be determined on a
pure live seed (PLS) basis. The number of pure live
seed (PLS) per unit of weight varies greatly among
species and seed lots (fig. 4). If an equal number of live
seeds of alfalfa, antelope bitterbrush, slender wheat-
grass, and fairway crested wheatgrass were seeded,
then average weight would be 1.5 1b (0.7 kg) of alfalfa,
20.81b (9.5 kg) of antelope bitterbrush, and 3.71b (1.7
kg) of slender wheatgrass for each pound (0.5 kg) of
fairway crested wheatgrass.

Seed must be tested for purity and germination and
properly tagged with the current results to enable the
buyer to calculate seeding rates. A certified seed labo-
ratory should analyze all seed, including wildland
collections. Seed stored for an extended period should

Figure 4—Selecting and properly planting high quality
seed is critical to planting success.
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be retested before seeding. Care should be taken to
ensure that all species can be seeded at the expected
rate with the proposed seeding equipment, and that
the equipment can function properly over the entire
planting site.

Principle 8: Seed must be planted on a
well-prepared seedbed and covered

properly

Refer to chapters 12 and 17.

Proper seed coverage is essential for successful ger-
mination and seedling establishment. Depth of plant-
ing is generally determined by seed size. However, it
is also influenced by special requirements of indi-
vidual species. As a general rule, seeds should not be
covered more than three times the thickness of the
cleaned seed. Seed of certain species including
winterfat, rabbitbrush, sagebrush, and asters are best
seeded on a disturbed surface with shallow soil cover-
age. Indian ricegrass on the other hand, should be
seeded 2 to 3 inches (5 to 7.6 cm) deep. Soil type and
surface conditions also influence seeding depth. Most
species benefit from firm seedbeds, but some do well in
loose soils. Heavy soils may crust and prevent emer-
gence. Light textured soils are less likely to crust or
become compact; however, they dry rapidly and, thus,
deeper planting depths are recommended.

Principle 9: Plant during the season that
provides the most favorable conditions
for establishment

Refer to chapters 12, 17, and 18.

Late fall and winter seedings have been most suc-
cessful in the Intermountain West. Advantages of late
fall and winter seedings include:

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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* The inherent seed dormancy of many species is
released by overwinter stratification.

* Seeds are in place in early spring when soil
moisture is most likely to be available for germi-
nation, seedling emergence, and growth. Early
emerging seedlings are better able to resist high
summer temperatures and drought.

¢ Seed predation by small mammals and birds is
less likely to occur if seeds are planted when
these animals are less active.

Seeding too early in fall may result in precocious
germination following unseasonably warm periods
coupled with autumn rains. Seed losses to mammals
and birds also can be high during this period.

Transplanting should be completed in early spring
when the soil is wet and before active growth of the
transplant stock or the native vegetation has begun.
Fall transplanting is generally not recommended un-
less soils are moist and likely will remain moist until
they freeze.

Principle 10: Newly seeded areas must be
managed properly

Refer to chapter 16.

As a general rule, newly seeded areas should not be
grazed for at least two or three growing seasons
following planting. Poor sites and slow-growing species
may require a much longer period of nonuse. When
grazing does occur, it should be carefully regulated.
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Stephen B. Monsen

Restoration or
Rehabilitation Through
Management or
Artificial Treatments

Introduction

Improvement of vegetative and edaphic conditions on some
wildland sites can be achieved through proper management as
well as by manipulative plantings (Vallentine 1980). Sites that
have been subjected to serious abuse or that lack needed cover,
habitat, or forage resources can be improved by various methods
(Vallentine 1980). Prior to the development of any site improve-
ment program, land managers must first discern the resource
needs and suitability of an area for treatment (Plummer and
others 1968). Then appropriate methods and techniques can be
developed.

Proper management is the key to the improvement or mainte-
nance of acceptable plant cover and soil stability (fig. 1). Suc-
cessful revegetation may dramatically change plant and water-
shed conditions. Yet without appropriate management,
improvements can be lost (Vallentine 1980). Following are some
factors that influence decisions on whether to improve sites

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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through management schemes, artificial measures, or
both. Factors that influence site improvement through
management are discussed first. Factors that are of
special concern when considering restoration or reha-
bilitation are presented next. Factors that influence
management decisions are also important consider-
ations in developing planting programs.

Management Considerations

Status and Condition of Existing
Vegetation

Restoration or rehabilitation projects are not usu-
ally contemplated unless the native communities have
been severely disturbed, resulting in adverse water-
shed conditions and loss of desirable vegetation. If an

Figure 1—(A) A seeded area that has been prop-
erly grazed. (B) A poorly managed site where
shrubs are low in vigor and the understory is declin-
ing in diversity, density and vigor. Matchbrush and
cheatgrass are increasing on this site.
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Figure 2—Natural recovery of native species
5 years following a prescribed fire in a pinyon-
juniper community.

adequate composition of desirable species that is
capable of recovery and natural spread remains, arti-
ficial seeding is unnecessary (fig. 2). If properly man-
aged, plants that have been weakened by excessive
grazing and browsing can normally recover and begin
producing seed within a few years. Plants growing in
arid environments may require longer to recover.
Protected areasin the blackbrush and Indian ricegrass
communities of southern Utah require many years to
recover following heavy grazing. Some disturbed ar-
eas within the Wyoming big sagebrush zone in south-
ern Idaho have remained in almost a static condition
for more than 50 years with protection from grazing.
However, considerable improvement resulted follow-
ing three unusually wet years. Woody species that
exist in mountain brush communities normally have
the capacity to recover and spread quickly when man-
aged correctly. Woody species growing at lower eleva-
tions are usually usually exposed to more adverse
climatic conditions and many are less capable of natu-
ral spread. Thus, recovery in salt desert shrublands
and low sagebrush foothills is slow.

Many native communities are capable of self regen-
eration by natural seeding or sprouting. However,
replacing individuals that die naturally is an en-
tirely different situation than repopulating a broad
area where most species have been depleted by graz-
ing.

A disturbed site may still support some species but
not others. This is quite common on most overgrazed
rangelands. The more desirable forage plants are often
lost by selective grazing (fig. 1). Other remaining,
but less desirable species may be capable of recovery,
but the important forage species may not reappear
without some means of artificial seeding. Controlling
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livestock grazing on important game ranges often
results in an increase in total herbage production.
However, the recovery of important broadleaf herbs
frequently does not occur. Species such as nineleaf
lomatium, sticky geranium, and bramble vetch usu-
ally occurring on specific microsites may not dominate
a community, but they are important as seasonal
forage. Unfortunately, these same species are often
eliminated by grazing and do not persist in sufficient
numbers to recover, even when protected for extended
periods. If desirable species are not present, improve-
ment by natural means may be unattainable.

Natural recovery processes must be considered in
predicting secondary successional changes. Although
some desirable species may not be present on a dis-
turbed site, their reentry may depend on factors other
than the adverse effects of grazing. For example,
some shade dependent plants are not able to survive
ifoverstory speciesare notpresent. The shade tolerant
species will not appear until overstory plants have
become established, assuming a viable seedbank
remains.

The recovery capabilities of individual species must
be correctly evaluated to decide on methods of im-
provement. Plants of big sagebrush, rubber rabbit-
brush, and sulfur eriogonum spread well from seed,
even under stressful situations. By contrast, few seed-
lings of Saskatoon serviceberry, skunkbush sumac,
and true mountain mahogany (fig. 3) are encountered
even though abundant seed crops are produced most
years. Some species are site specific, existing as pure
stands but intermixed with other communities. Such
is the case with curlleaf mountain mahogany. If
these stands are eliminated or seriously diminished,
natural recovery is extremely slow (fig. 3). Recovery is
affected by limited seed sources, low plant density,
and poor distribution of parent plants.

Although more time may be required to achieve
natural recovery, this may be the most practical ap-
proach. However, land managers must understand
that during the period of recovery the vegetation may
not furnish desired forage and cover. Until a complete
recovery of all species is attained, all resource values
may not be provided.

Status of the Soil Conditions

Soil and watershed conditions are critical resources
that cannot be allowed to deteriorate. If disturbance
has progressed to the extent that soil loss is seri-
ous, rehabilitation measures must be implemented
(fig. 4). If adequate protection of the soil and water-
shed through management is not realized within a
satisfactory period, artificial revegetation measures
will be required.
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Figure 3—Exclosure (left) established in the 1930s.
(A) True mountain mahogany extensively used out-
side (right) and recovering somewhat without use in
the exclosure (left) in 1954. (B) Even with removal of
cattle and significant reduction in deer numbers, the
condition of the true mountain mahogany outside the
exclosure has changed little by 1995. There is little
difference in the curlleaf mountain mahogany inside
or outside the exclosure between 1954 and 1995.

A long recovery can be accepted if the soil and
watershed resources do not deteriorate appreciably
during the initial stages of natural recovery. However,
both the physical and chemical condition of the soil
affect seedling establishment and growth. Soil sur-
faces must be conducive to seedling establishment if
the vegetation is to recover. An open, but stable,
surface may exist, but surface crusting (Army and
Hudspeth 1959) or freezing may prevent seedling
establishment (Hull 1966). In addition, lowering of the
water table through downcutting of the stream chan-
nel can and does influence areas adjacent to the
drainage. Wind erosion and lack of surface organic
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Figure 4—Soil erosion from an area depleted of
vegetation. Establishment of desired species on
severely eroding and unstable surfaces can be
difficult.

matter (Welch and others 1962) are highly detrimen-
tal to seedbed conditions. These and other features
must be considered when assessing soil and water-
shed conditions.

Protecting the soil resource may be necessary before
attempts are made to improve habitat or forage condi-
tions. This has been a major concern in many circum-
stances, particularly along the Wasatch Front, within
the Idaho Batholith, and in the Colorado River drain-
age. The vegetation in these areas can often recover
satisfactorily through protection, but eroding areas
may respond more slowly. In addition, the occurrence
of intense summer storms and other climatic events
can be expected and can have devastating and long-
lasting impacts.

Management Strategy

Wildland sites in good or fair condition are usually
able to recover through natural processes. However,
providing protection from human-induced changes is
often difficult. Big game wintering sites and spring
and fall ranges may constitute small, but important,
portions of a broad geographic area. Attempts to re-
strict use of the broad area for sufficient time to allow
recovery of these seasonal ranges may not be practical.
In addition, efforts to maintain high populations of
game animals, or continued livestock use on these
broad areas may not be compatible with natural
recovery. A well designed management system to
improve habitat conditions may require a long-term
commitment.

Management strategies must ensure that the fol-
lowing conditions are created: (1) the development of
suitable seedbanks, (2) the creation and protection of
adequate seedbeds, (3) the protection of plants for
sufficient time to provide an acceptable composition of
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species, and (4) the recovery of all sites, especially the
most critical areas.

Impacts on Other Resources

Few areas can be managed to support one resource,
yet treatment practices are often developed to enhance
asingle primary resource. In these cases attention must
be given to the expected impacts on other resources.
For example, the value and impact of management
schemes on wildlife populations must be determined
as these schemes influence recreation, livestock graz-
ing, and other uses. In addition, management strate-
gies that are used to regulate animal distribution,
population numbers, and seasonal use must be devel-
oped as part of the rehabilitation program.

The decision to artificially treat an area is normally
based on the value of numerous resources. For exam-
ple, a site essential in maintaining a viable big game
herd that may also be an important watershed area
might receive treatment priority (fig. 5).

Figure 5—Important watershed and big game
winter range prior to and 6 years following
chaining and seeding.
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Immense Areas

Wildland ranges include extensive and diverse acre-
age throughout the Western States (McGinnies 1972),
The enormous size of this area simply precludes com-
prehensive treatment of all seriously depleted sites.
Many sites support a desirable vegetative cover, and
attempts to convert or replace native communities
should not be made. Some sites support less produc-
tive and undesirable weedy species and unsatisfactory
watershed conditions (Blaisdell and Holmgren 1984).
However, the cost to of correcting these problems
may not always justify extensive artificial treatments.
Site improvement may be better attained through
careful management.

Numerous sites on steep, inaccessible slopes cannot
be treated with existing equipment. Topographic and
vegetative conditions are usually very diverse within
most areas, and site preparation and planting equip-
ment are not always versatile enough to treat all
circumstances. Consequently, some areas cannot be
properly treated.

Climatic Conditions

Many arid or semiarid wildlands that occupy exten-
sive areas within the Intermountain States cannot be
satisfactorily treated using current revegetation and
restoration measures (Blaisdell and Holmgren 1984;
Bleak and others 1965). Arid conditions and irregular
moisture patterns may not be conducive to seedling
establishment. Large acreages are normally treated
and seeded only once. Uniform stands may not de-
velop, yetreplantingiscostly and impracticable. Bleak
and others (1965) found sites in regions receiving less
than 8 to 10 inches (200 to 250 mm) of annual precipi-
tation are the most difficult to treat (fig. 6). Recent
studies have identified and developed promising spe-
cies for semiarid sites (Asay and Knowles 1985a,b;
Rumbaugh and Townsend 1985; Stevens and others
1985c; Stutz and Carlson 1985), however, appropriate
planting techniques for successful planting of these
species may not be available. Many semiarid ranges,
includingsites supporting shadscale, winterfat, Nevada
ephedra, and budsage need improvement, but
changes can often be more easily attained through
proper long-term management than through artifi-
cial revegetation.

Many species that occupy arid sites are extremely
valuable plants, and should be retained or enhanced.
However, these plants are not easily cultured and are
not well suited to artificial planting. Suitable substi-
tute species that could be used in their place are not
known (Hull 1963b; Plummer 1966). Consequently,
many arid and semiarid sites must be carefully man-
aged to minimize abuse and stimulate natural recovery.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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Figure 6—ltis difficult to revegetate desertregions
that receive less than 8 to 10 inches of annual
precipitation.

Artificial Revegetation
Considerations

Similar factors must be considered in determining if
management or revegetation should be employed to
improve a wildland disturbance. However, certain
factors must be looked upon quite differently depend-
ing on which approach is used. For example, the size
of an area requiring restoration or rehabilitation is a
major factor to be considered. A large area may be
difficult to manage due to differences in topography,
access, or season of use. Consequently, improvements
may not be easily achieved by management. Simi-
larly, the area may be so diverse that artificial reveg-
etation may be difficult to achieve using a single
method or closely related methods of site preparation
and seeding.

Following are some factors to consider in determin-
ing the applicability or practicality of artificial reveg-
etation. The list is not considered all-inclusive. Other
issues may also be important, particularly in specific
areas. However, the factors discussed below must be
considered before developing improvement measures.

Site Suitability

Plummer and others (1968) emphasized the impor-
tance of correctly discerning the capabilities of a site
prior to treatment. Too often, attempts are made to
convert a vegetative community to a complex of desir-
able but unadapted species. The site must be capable
of sustaining the selected species. In addition, species
included in the seed mixture must be compatible with
one another and with the existing native species.

Some attempts have been made to improve
shrublands by seeding grasses, or by introducing other
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shrub species. Sites with low precipitation, shallow
soils, or both, that support black sagebrush, bud sage-
brush, or shadscale have been plowed and seeded to
introduced grasses. In many cases treatments have
failed and less productive plants have invaded
(Blaisdell and Holmgren 1984). Failure to recognize
the suitability or capability of these sites has resulted
in the loss of the adapted native plants.

Sufficient information is available to determine the
adaptability of many introduced and native species
(Asay and Knowles 1985a,b; Barker and others 1985;
Carlson and Schwendiman 1986; Davis 1983a;
Hafenrichter and others 1968; McArthur and others
1985; Monsen and Davis 1985; Monsen and Shaw
1983b; Plummer and others 1968; Stevens 1983a,
1987a; Stutz and Carlson 1985). Some species are
difficult to establish through artificial seeding, and
the desired complex of adapted species is difficult to
achieve. However, it is not advisable to seed or plant
substitute species that are marginally adapted but
easily established.

A site may be capable of sustaining a complex array
of species. However, initial attempts to reestablish
certain species may be unsuccessful (Jordan 1983).
Soil crusting and high salt content in the soil surface
often limit seedling establishment of species on sites
supporting black greasewood (Naphan 1966; Rollins
and others 1968; Roundy and others 1983). Rodent
foraging seriously limits seedling survival of curlleaf
mountain mahogany (Dealy 1978), antelope bitter-
brush (Giuntaand others 1978), and Martin ceanothus.
Rabbits, livestock, and big game selectively graze
some species, particularly broadleaf herbs, limiting
their survival even when planted under favorable
climatic and soil conditions. Animals tend to concen-
trate on seeding projects if the adjacent wildlands are
void of an adequate forage cover. Weed infestation
(Eckert and Evans 1967) and slow or erratic seedling
growth (Jordan 1983) of many seeded species often
diminish their success. Artificial plantings or natural
seedings of black chokecherry, Woods rose (Monsen
and Davis 1985), skunkbush sumac, and green ephe-
dra, (Monsen 1975) often are not successful, and at-
tempts to restore large areas from a single planting
cannot always be achieved. These factors significantly
influence site suitability for improvement either by
management or artificial revegetation.

Community development and maturation must also
be considered when designing a revegetation pro-
gram. Newly developed or introduced plant materials
must be able to establish, and persist and reproduce.
If they are unable to reproduce satisfactorily, stands
ultimately deteriorate. Fourwing saltbush, a highly
productive and palatable forage plant, has been suc-
cessfully established on sites once dominated by
Wyoming big sagebrush, but it has been short-lived
and unable to reproduce by natural seeding.
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Similarly, artificial seedings of antelope bitterbrush
and Stansbury cliffrose have established satisfacto-
rily on cheatgrass ranges if the understory weeds are
reduced at the time of shrub planting. Natural seeding
by either shrub species has not occurred with compe-
tition from the understory weeds, and stands have
slowly disappeared.

Various introduced herbs and shrubs perform favor-
ably frominitial plantings on wildland sites. However,
some have failed to survive when infrequent insect
outbreaks and other unusual stress events occur.
Similar situations have been encountered when highly
desirable native species, such as blue elderberry, have
been planted on sites where the species normally does
not exist, even when such sites were quite similar to
the origin of collections. Blue elderberry persists when
planted on big sagebrush sites unless a series of
unusually dry years has occurred. Plants then become
weak and disappear. Many years may pass before
drought events cause blue elderberry plants to die.

Some ecotypes of a particular species demonstrate
specific site adaptability; unadapted ecotypes may
thenbe sorted out quite rapidly (Davis 1983a; McArthur
and others 1983b). Other ecotypes may be equally
sensitive, but climatic or biological events that affect
their survival may not occur frequently. Consequently,
these ecotypes may persist for an extended period
before being eliminated.

Perhaps the most critical issue to be considered in
revegetating semiarid and arid sites is the availability
of soil moisture for seedling establishment (Jordan
1983). Attempting to seed areas that receive erratic
amounts of moisture is extremely hazardous. Seeds of
many species require periods of cold-moist stratifica-
tion to initiate germination. In addition, developing
seedlings must receive sufficient moisture to assure
establishment. Attempting to plant in areas domi-
nated by weeds, or during periods when soil moisture
is unfavorable for growth, is ill-advised. Seeding spe-
cies with different germination and growth character-
istics can be successful if the moisture requirements of
all species are met (Shaw and Monsen 1983a). Prob-
lem sites may be capable of supporting a specific array
of species, but current planting techniques are not
satisfactory for planting many sites. Consequently,
the site must be suitable for: (1) maintaining the
planted species and (2) applying currently available
methods of treatment.

Status of Soil and Watershed Conditions

Sites that have been degraded and subjected to
erosion are normally the most critical areas requiring
artificial restoration. Protection must be provided for
onsite and downstream resources. However, barren
and eroding soil surfaces normally are not satisfactory
seedbeds (fig. 4). Recovery of natural revegetation is
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often prevented because of unstable surface condi-
tions and a limited soil seedbank. Artificial seeding,
including site preparation, is difficult and costly to
achieve on unstable watersheds. Areas should not be
allowed to deteriorate to the point that rehabilitation
or other costly measures are necessary to reestablish
a plant cover.

Soil conditions must be carefully surveyed to assure
that a satisfactory seedbed can be created. Too often
stands of juniper-pinyon have been allowed to fully
occupy steep hillsides, and woody and herbaceous
understory species have been lost. The change in plant
composition reduces soil protection. Tree competition
must be reduced to allow recovery of the understory
species that have been lost. However, control mea-
sures must provide soil protection during the period of
conversion. In addition, soil conditions must be im-
proved to provide a suitable seedbed. Chaining pro-
vides soil protection by leaving both trees and litter on
site and a satisfactory seedbed is created. Burning can
be used to reduce tree competition, but this control
measure does not provide adequate soil protection or
create a seedbed.

Problem areas may be ranked depending upon their
values and the severity of the disturbance. The most
critical areas may then be selected for treatment. The
feasibility of treating the candidate sites must be
considered in developing rehabilitation plans.

Status of the Vegetation and Presence of
Weeds

Regardless of the disturbance, provisions must be
made to control existing weeds or prevent their entry
onto prepared seedbeds (Hull and Holmgren 1964).
Complete elimination of all weedy species is not essen-
tial to planting success. Weed control is necessary to
ensure seedling establishment; thereafter less desir-
able plants can be controlled by natural competition
(fig. 7). Control may be necessary to reduce the pres-
ence of undesirable weeds or diminish the density and
influence of desirable natives on establishing seed-
lings (Blaisdell 1949). Attempting to control weeds,
and yet maintain desirable natives, is a difficult task,
particularly when working on wildland situations.

In some situations weedy plants may assume domi-
nance and prevent the natural establishment of more
desirable species. The weeds may be annuals such as
cheatgrass and Russian thistle, or perennials including
big sagebrush or Utah juniper. Plant density must be
significantly reduced toensure establishment of seeded
species. In addition, control measures must be used to
prevent the immediate recurrence of weeds.

Cheatgrass is the most severe weed problem en-
countered on awide spectrum of plant types within the
Intermountain Region (Klemmedson and Smith 1964;
Stewartand Hull 1949). Control is not easily achieved,
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Figure 7—Needle-and-thread grass suppress-
ing cheatgrass and other weeds.

but unless competition is reduced to a low level, few
seeded species will establish.

Appraisal of Resource Values

Restoration or rehabilitation projects have been
completed on various sites to improve wildlife habitat
or forage production without carefully determining
the best specific locations where these resources are
located. Large acreages are often treated assuming
“the more acres treated, the more habitat or forage
provided.” This assumption is sometimes incorrect.
Chaining and seeding pinyon-juniper sites was done
to improve critical midwinter deer and elk habitat,
even though they were not midwintering areas. The
important midwinter sites may be exposed slopes and
ridgetops that may support a limited number of spe-
cies (fig. 5). These small confined locations are the ones
that should receive special treatment.

Revegetation projects should be designed to provide
cover, forage, and protection on siteswhere the greatest
benefit can be derived. It is obvious that treatments
must be done efficiently. Consequently, when chain-
ing or using massive equipment, large acreages can
often be treated cheaply. Large tracts of land can be
treated easier than isolated sites. However, treat-
ments should be designed to accomplish the goals of
the project, and the needs of targeted animals.

Selective Treatment and Impacts on
Associated Areas

Artificial treatments can be designed to restore
critical areas indirectly. Artificial revegetation can
and does benefit both the treated area and adjacent
sites. Consequently, areas having good access and
highly productive soils can often be treated, leaving
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adjacent sites to recover naturally. However, the un-
treated sites must be able to recover. Highly palatable
species, or plants that provide seasonal forage, can be
seeded onto specific sites to attract and hold grazing
animals on adjacent areas (Stevens 1987b). Treating
an area of sufficient size is necessary to disperse
animal use and allow the seeded species and un-
treated areas a chance to develop. Not all untreated
sites respond favorably. Areas that are nearly void of
desirable species or dominated by weedy plants do not
generally respond to a reduction of grazing.

Selective treatment, an important practice, can be
used to promote successional changes, and supple-
ment improved habitat, seasonal availability of herb-
age, and forage quality (Wight and White 1974). Add-
ing an appropriate shrub or herb to the existing
vegetation can enhance forage resources, restore spe-
cific species, and control weeds. Interseeding selected
species into existing stands is an important technique
to improve large areas without excessive costs.

Management and Control

Treated sites must be managed to retain species
composition, plant vigor, and productiveness. Treated
sites may require special protection that cannot be
provided. If this occurs, the value of the project is lost.
Treated areas must be of appropriate size to accom-
modate seasonal use during the time of plant estab-
lishment and over a long-term maintenance period.
Areas must be of sufficient sizes and diversity to
respond to climatic conditions and associated biotic
factors that influence plant succession. Some treated
areas may be heavily grazed to such an extent that
weeds are able to invade during stressful periods. The
treated sites must be able to accommodate all forms
of use, including somewhat abnormal events such as
insect attacks and drought.
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Treated sites should be managed or used as initially
intended. Too often areas are seeded or treated to
provide big game habitat, but are then used as grazing
pastures for livestock, despite the fact that the areas
may not be designed to accommodate these high levels
of use. Treated sites regress if not properly managed.
Improper use, particularly during the period of seed-
ling establishment, can eliminate certain species and
decrease the overall success of the project.

Availability of Adapted Plant Materials

Rehabilitating ranges to benefit wildlife usually
requires the inclusion of various native species in the
seeding (Stein and others 1986). Restoration projects
require seeding diverse mixtures of native species.
Seeds of many native species are not always available
and substitute species are frequently planted. The
lack of adapted ecotypes of many species limits many
plantings. The use of introduced grasses has facili-
tated many rehabilitation projects. However, the more
commonly available grasses and broadleaf herbs do
not satisfy all resource needs. Seed sources must be
developed to assure the use of desirable and adapted
native plants.

Site Improvement Costs

The costs incurred in restoration and rehabilitation
ultimately determine the site treatment and seeding
practices to be employed. However, it is difficult to
determine the value of stable plant communities;
wildlife habitat, including nongame animals; water-
shed protection; and recreational uses. Benefits cannot
be calculated wholly on the increased production of
forage. All benefits must be considered over the entire
life of the project.
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Our knowledge of the physical requirements of cultivated
plants is far advanced in contrast to that of the native and
introduced species used in range plantings. Cultivated plants are
usually grown as single varieties of a species under specific
controlled conditions to ensure maximum yields. Native and
introduced range plants often grow in species mixtures on sites
that are more variable than agricultural croplands. Our knowl-
edge of the specific requirements of individual species or varieties
may not always apply with respect to interspecific competition or
to the widely varying wildlands now being reclaimed or rehabili-
tated. Data obtained by growing native and introduced species in
pure stands are only partially applicable to stand mixtures
because the requirements for a species in a pure stand often
differ from its needs when competing with other plant species.
At present, we understand little of the effects of competition, let
alone the complex interaction of climate, soil, and terrain upon
which our native plant species grow (Hansen and Churchill
1961).
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Any site under consideration for rehabilitation or
restoration will have its own peculiar combination of
environmental conditions that interact to form a dis-
tinctive environment, and thus a unique plant com-
munity. ldeally, the use and management of any
resource should be based on extensive knowledge and
understanding of that resource and its environment.
Knowledge of the nature of the potential plant commu-
nity to be rehabilitated (table 1) is a prerequisite to an
evaluation of asite condition (Passey and Hugie 1962a).
Site potential cannot be determined unless one be-
comes familiar with the complexity of its environ-
mental parameters.

It is not the purpose of this short review to thor-
oughly detail all the possible responses that plants
exhibitwith respect to their environment. Rather, this
review is to help make a person, inageneral way, more

Climate and Terrain

familiar with how complex environmental factors can
become and what their possible effects on a plant can
be. Billings (1952) felt that the complexity of the inter-
relationships between the plant and its environment
and between the various factors of the environment in
themselves was almost enough to discourage any at-
tempt at a complete analysis and understanding. To
make iteven more complex, there is, in many cases, an
apparent compensation of one environmental factor for
another. This will often occur near the boundaries of a
species’' range where it allows individuals of a species to
occur in areas that do not appear to be normal habitat
(Billings 1952). Since the environmental complex is so
complicated, it has been customary to break up the
environment into arbitrary factors and then study the
effect of each factor on the seeded and endemic species.
This approach is being used in my analysis herein.

Table 1—Climatic zones, showing major vegetational types and average annual

precipitation in inches.

Vegetational zone and
associated shrubs and herbs

Climatic zone

Average annual
precipitation

Inches

Lower Sonoran

Upper Sonoran

Transition

Canadian

Hudsonian

Alpine

Southern desert shrub:
Blackbrush, creosotebush,
Joshua tree, red brome, galleta grass

Juniper and pinyon pine:
Green ephedra, big sagebrush,
antelope bitterbrush, bluebunch
wheatgrass, Indian ricegrass

Northern desert shrub:
Big sagebrush, rubber rabbitbrush,
Nevada ephedra, bluebunch wheatgrass,
Indian ricegrass

Salt-desert shrub:
Black greasewood, shadscale,
Gardner saltbush, bottlebrush
squirreltail, alkali sacaton

Salt-desert grassland:
Inland saltgrass, alkali sacaton,
Nuttall alkaligrass, creeping wildrye

Mountain brush-ponderosa pine:
Gambel oak, bigtooth maple,
black chokecherry, serviceberry

Aspen-fir (canopy and opening):
Mountain snowberry, slender wheatgrass,
mountain brome, sticky geranium

Subalpine herbland or spruce-fir:
Red elderberry, western yarrow,
letterman needlegrass, mountain brome

Alpine herbland (above timberline):
Cushion eriogonum, Scribner wheatgrass,
red elderberry

10

13

10

16

25

34

40

34

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004



Chapter 6

Climate

Basically, climatic zones were first identified from
studies of the distribution of vegetation. Various cli-
matic values were then selected from within these
vegetative types to determine if there were significant
relationships between any of these climatic values
and the represented plant community (Thornthwaite
1948). Daubenmire (1956) reviewed four of the most
popular climatic classification schemes (and as pro-
posed by Thornthwaite [1931, 1948]) and concluded
that none of the four classifications proved adequate
to define what appeared to be climatically determined
vegetation zones located in eastern Washington and
northern Idaho. He found that each vegetative type
(or climatic zone) differed from its neighbors in the
degree of summer drought, except at the wet end of
the climatic gradient where lower summer tempera-
tures became more influential. Therefore, it is gener-
ally thought that, within climatic regions or zones,
guantity and seasonal availability of soil moisture,
especially in the summer, are major limiting factors
for the geographic distribution of plant species
(Blaisdell 1958; Daubenmire 1974; Hansen and
Churchill 1961; Krebs 1972; Oosting 1956). Soil mois-
ture availability for plantgrowth is modified by changes
in elevation, latitude, slope, or soil type. Thus, certain
vegetational zones occur at higher elevations on south
slopes or lower elevations on north slopes. These
vegetational zones also have higher elevational limits
on smaller mountains because they tend to intercept
less moisture than the larger mountain masses (West
and others 1975). Most dry or desert environments
share two characteristics with regard to precipitation:
it usually falls in one or two short seasons, and the
amount received is unpredictable from year to year
(Solbrig and Orians 1977).

Temperature

Temperature is one of the major factors limiting
the distribution of plants (Krebs 1972). Mean annual
temperatures are almost useless for ecological inter-
pretations, for they do not indicate seasonal variation
and duration. It has been shown that mean maximum
and minimum values best describe the effects of tem-
perature on plants (Oosting 1956). Temperature ef-
fects are modified by complex interactions among
elevation, slope, position on the slope, aspect, and pre-
cipitation. Plant injuries from temperature changes
are most often the result of freezing. Some species of
browse seedlings are especially susceptible to frost
damage. For example, this should be of concern if
bitterbrush is to be planted and late frosts are common
to the area being planted. Temperature variation
(extremes) also greatly influence which species can
best survive on a given site. For example, on some
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dry desert ranges, soil surface temperatures during
the summer can range from 140 °F (60 °C) in the day
to 40 °F (4.4 °C) at night. We have found that plant
selections can be more easily moved from cool towarm
environments than from warm to cool environments.
To further illustrate the important effect that tem-
perature has on some groups of plants, Hartley (1950)
analyzed the distribution of the grasses of the world
and concluded that temperature was much more im-
portant than rainfall in limiting species distribution.
He also suggested that winter temperatures were
especially critical.

Precipitation

Water alone, or in association with temperature,
is probably the most important physical factor affect-
ing the distribution of plants and plant communities
(Krebs 1972) (table 1). Differences in rainfall patterns,
whether in seasonal distribution or annual total, are
reflected by differences in the naturally occurring
plant populations (Daubenmire 1956). The season of
precipitation, and the form in which precipitation is
received, are important characteristics to consider
when planning a wildland restoration or rehabilita-
tion project. The vegetation in areas having signifi-
cantly different precipitation patterns can be expected
to have only a few species in common (Daubenmire
1974; Weaver and Clements 1938). In the Intermoun-
tain Region, many areas receive most of the annual
precipitation as snow during the winter. Other areas
receive the bulk of their moisture as rain in the warm
season. In still other areas, precipitation is evenly
distributed between these two periods. Plants selected
for seeding should have a life cycle compatible with
the precipitation pattern of the planting area. Most
of the annual precipitation in cold deserts is received
when temperatures are too cold to permit growth
(Fetcherand Trlica1980). Therefore, winter precipita-
tion is believed to be most important for plant growth
the following year (Wein and West 1971). There,
adapted species must be able to complete their life
cycle before the winter moisture is depleted or enter
into adormant state that s tolerant of severe drought.
Stevens and others (1974) have shown that May pre-
cipitation has a greater significant effect on forage
production than does precipitation in any other
months. When most of the precipitation comes during
the spring and summer, evaporative losses can be
larger. If the precipitation arrives in light, scattered
storms, little may remain available for plant growth.
When rain falls in high intensity downpours, heavy
runoff may result and leave little to wet the soil
(Weaver and Clements 1938).

Many researchers have shown that the amount of
precipitation has a direct effect on plant production
regardless of whether the community is dominated
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by grasses, forbs, shrubs, or complex mixtures of
these life forms (Blaisdell 1958; Currie and Peterson
1966; Jordan 1983; Kindschy 1982; Martin and Cable
1974; Sneva 1977; Stevens and others 1974; Wein and
West 1971). Annual herbage production in arid range-
lands can vary by several hundred percent as a result
of variation in precipitation (Hannay and Lacy 1931).

An introduced species that is long-lived and easy to
establish may not have a problem matching its life
cycle to the season in which precipitation is received.
Plummer and others (1968) determined that the aver-
age annual precipitation must be at least 9 inches
(228 mm) before artificial seedings can be expected to
be successful.

Soils

Under a given climatic regime, edaphic factors can
strongly influence the kind and amount of vegetation
produced (Gates and others 1956; Martin and Cable
1974; Passey and Hugie 1962a). To illustrate the
importance of soil in plant development, a series of
plants were moved to common gardens, where indi-
viduals of several species were grown on each soil type.
It was determined that the differences in soil could
affect plants in the following ways: germination suc-
cess; growth, size; erectness of plants; plant vigor;
stem woodiness; root depth; amount of pubescence;
susceptibility to drought, frost and parasites; number
of flowers; and date of flower appearance (Marsden-
Jones and Turrill 1945). One could consult other
literature and probably extend the list indefinitely.
The concept to emphasize is that soil conditions can
and do affect many aspects of plant development.

Most rangeland soils are normally low in nitrogen,
phosphorus, and sulfur (Eckert and others 1961a;
Evans and Neal 1982; Wagle and Vlamis 1961). Wagle
and Vlamis (1961) found that because bitterbrush
was able to fix nitrogen, soils low in nitrogen did not
appear to impair that plant's performance, but soils
low in phosphorus and sulfur did. Therefore, properly
inoculated species capable of fixing nitrogen should
not need N-fertilizer in soils deficient in nitrogen.
Such species could also be of benefit to associated
species that do not fix nitrogen. Mineral uptake can be
expected to be affected not only by the chemical nature
of the soil, but by temperature, soil moisture, light,
and soil texture as well (Ames and Kitsuta 1933).

Under conditions of similar management and pre-
cipitation, fine textured soils characteristically sup-
port more perennial grasses and fewer shrubs than
do coarse soils (Martin and Cable 1974). Wyckoff
(1973) found that the primary factor limiting plant
species diversity in a desert grassland appeared to be
soil texture. He said the loamy soils consistently
supported more species than adjacent sandy soils
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because of the probable increase in microenvironment
diversity associated with the heavier soils. However,
soils with either too high silt or clay content, or both,
retard growth by increasing the extent and degree of
branching of roots (Weaver 1919).

With regard to soil texture and related soil moisture
availability for plant growth, sandy soils have the
most favorable regime in arid regions. For a given
amount of added free water, they are wetted more
deeply, release more of the absorbed water to plant
roots, lose less moisture to evaporation, and have less
surface runoff. Therefore, 80 percent of moisture infil-
trating sand is available for transpiration of plants
(Daubenmire 1974).

High amounts of soluble salt in the soil reduce water
uptake and may inhibit uptake of magnesium (Mg),
potassium (K), and phosphorus (P). Nitrogen deficiency
symptoms may also appear (Kleinkopf and others
1975). Gates and others (1956) found that the major
significant difference between some Great Basin plant
community types was the amount of salt in the soil.
Plummer and others (1968) determined that soils with
more than 1 percent soluble salts are usually not
suitable for revegetation efforts.

The effective depth of the soil may be shallow, or
somewhat restricted by the presence of a hardpan.
Hardpan can form from clay, calcium carbonate, cal-
cium sulfate, oxides of iron, aluminum, or silicon.
Hardpans are common in soils of the drier areas of
the Intermountain area (Daubenmire 1974). Because
hardpans are essentially impervious to roots, they
often determine the effective soil depth and types of
plants that grow in a particular habitat. The growth
rate of trees tend to vary directly with the depth of
loose soil above a hardpan layer (Coile 1952).

Terrain

Elevation will have a direct effect on temperature
by lowering it approximately 3 °F (1.1 °C) for each
1,000 ft (305 m) rise in elevation (Oosting 1956).
Elevation also has a direct effect on precipitation
received. Lull and Ellison (1950) determined that in
central Utah, one should expect to receive an addi-
tional nearly 5 inches (127 mm) of precipitation for
each 1,000 ft (305 m) rise in elevation.

When precipitation is received, slope, smoothness
of slope, position on slope, vegetation, and soils inter-
act to control the amount of runoff and water infiltra-
tion, which in turn affect plant growth and survival.
Slope aspect and steepness also affect solar radiation
received and thus the temperature at and near the
ground surface (Farnes and Romme 1993).

Slope and exposure also influence amount and type
of soil accumulated. Southern slopes usually have
coarser soils with lower water-holding capacity than
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the finer textured northern slope soils (Krebs 1972).
For example, in two or more areas, essentially the
same in soil, cover, and precipitation, differences in
soil water content were directly determined by differ-
ences in slope (Krebs 1972; Oosting 1956). Conse-
qguently, topography affects vegetation indirectly by
modifying other factors of the environment (Oosting
1956). Different combinations of slope and exposure
have great effects on the temperature of arid soils.

The mountains will modify precipitation patterns,
airflow, and wind exposure. Local topography, with its
different slopes, bluffs, ridges (with different expo-
sures), lowland drainage lines, and depressions pro-
duce differentcombinations of light, temperature, and
moisture that combine to produce local divergence of
plant life forms and species in the Intermountain
West.

Most wildland rehabilitation or improvement
projects have been undertaken on fairly flat terrain,
or on slopes of less than 30 percent. In recent years,
steeper, rocky slopes are being rehabilitated. Topo-
graphic variation complicates the formulation of
seeding mixtures and the prediction of composition of
the new plant cover.

Discussion

Many researchers have concluded that plant dis-
tribution is primarily controlled by varying combina-
tions of climatic factors and secondarily by edaphic
factors (Billings 1951; Gates and others 1956; Mason
1936; Shantz 1938). Mason’s (1936) conclusion that
single factors or combinations of several factors could
restrict the range of a species must be considered by
revegetation scientists.

The effects of habitat on the plant, and of the plant
on the habitat, are mutually complementary and
often very complex (Weaver and Clements 1938). A
plant is at once affected by the amount of heat, light,
moisture, and nutrients available to it. Its life pro-
cesses must go on under numerous and fluctuating
variations in the environment. Plants selected for
revegetation must be adapted to an ever-changing,
wide range of environmental conditions. Because
numerous factors operate on an organism simulta-
neously, each life function is a multiconditional pro-
cess (Daubenmire 1974). With identical combinations
of environmental conditions repeated only at rare
and irregular intervals (Livingston 1934), a plant
must have broad tolerance limits to be consistently
competitive. The intensity of most environmental fac-
tors varies with the hour, day, and season; the rate of
change, duration, and intensity of extreme values are
all ecologically important aspects of the environment.

Competition undoubtedly is greatest between seed-
lings because of the restricted environment near the
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soil surface. Seedlings are especially vulnerable to the
vagaries of environment. This is why many wildland
plants have evolved the characteristic of seed dor-
mancy. Successful growth of container grown plants is
not a safe guide to success of seeding of these species
on the same site.

Normally, successful plantestablishmentin an area
depends on recognition of factors (climate, soil, and
terrain) critical for seedling establishment. Proper
composition of the species mixture sown will also
affect the success of revegetation at any site.

How can one determine if the environmental condi-
tions are adequate for the species in question? With
an increase in altitude, there is an increase in precipi-
tation and a decrease in temperature that is reflected
in the natural altitudinal zonation of native vegeta-
tion. There are also zones of vegetation that reflect
differential response to increasing concentrations of
soil salts as one goes from higher to lower elevations.
These two factors interact (elevation and salinity) and
generally parallel each other as one descends into any
one of the many closed basins within the Great Basin.
Branson and others (1967) also noted that in addition
to increased aridity and salinity with the descent into
each basin, soil-particle sizes tend to become smaller
asone approaches the playas. Fine textured soil can be
expected to produce more severe soil moisture stresses
(Branson and others 1967, 1976).

It is generally understood and has been demon-
strated (Billings 1949; Fautin 1946) that shadscale is
usually indicative of climatically dry, as well as physi-
ologically dry soils. Billings (1949) showed the rela-
tionship between the presence of big sagebrush and
higher available soil moisture. His data indicated that
from central Nevada to eastern California, the mean
annual precipitation for the shadscale zone was only
about 5 inches (127 mm), while the mean annual
precipitation for the sagebrush zones in northern and
western Nevada was about 9 inches (229 mm) or more.

Conclusions

How can one put all these interacting factors into
some kind of logical approach to help determine
whether a site may warrant rehabilitation efforts?
First, and most important, the amount and timing of
precipitation in association with the occurrence of
indicator species are important guides to species that
may be successfully planted.

The presence of juniper and pinyon indicates the
availability of adequate moisture for most of the
commonly seeded species. Juniper-pinyon woodland
normally occurs from 4,500 to 5,000 ft (1,400 to
1,500 m) to 7,000 to 7,500 ft (2,100 to 2,300 m) eleva-
tion (Springfield 1976; Woodbury 1947). The extreme
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range can be as low as 2,500 to 3,200 ft (760 to 980 m)
(Franklinand Dyrness 1969; Johnsen 1962; Woodbury
1947), and the upper limit approaches 10,000 ft
(3,000 m) (Lanner 1975; St. Andre and others 1965).
There isageneral tendency of junipers to extend below
the pinyon component (Lanner 1975). The lower ele-
vational limits appear about where the precipitation
reaches the 10 inch (254 mm) point (Woodbury 1947).
Generally, the annual precipitation is about 12 to
13 inches (305 to 330 mm) (Phillips 1977; Plummer
and others 1968). The annual mean can range from
about 8 to 10 inches (203 to 254 mm) (Dealy and others
1978; Phillips 1977; West and others 1975) to 20
inches (518 mm) (Dealy and others 1978; West and
others 1975). The best developed woodlands occurs
between 12 and 18 inches (305 to 457 mm) of precipi-
tation (West and others 1975). Sagebrush not only
occurs at elevations that juniper-pinyon occurs, but
usually at higher and lower elevations beyond its
normal limits (Woodbury 1947).

As the relative importance of pinyon increases, pre-
cipitation can usually be assumed to increase. Con-
versely, as the importance of pinyon decreases on
undisturbed sites, the amount of precipitation can also
be assumed to decrease.

The presence of appreciable numbers of shrubs
that normally occur in the mountain brush zone (this
could include Gambel oak, true mountain mahogany,
and mountain snowberry) usually indicates favorable
moisture conditions for most seeded species. Above or
within the mountain brush zone, moisture is not
usually a problem. At higher elevations the primary
problem is selection of species tolerant of the cooler
temperatures.
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As one approaches the lower bounds of the juniper
woodland association, potential available moisture
can be predicted from the associated subspecies of big
sagebrush. Winward (1983) showed that the subspe-
cies of big sagebrush can be used to indicate the degree
of droughtiness of a site. Wyoming big sagebrush is
the most xeric of the group, followed by basin big
sagebrush, and then mountain big sagebrush. The
presence of Wyoming big sagebrush also indicates
that the soils are relatively shallow and well drained
with conditions that are generally warmer than those
experienced by the other two subspecies. When black
sagebrush and Wyoming big sagebrush are found in
the samearea, itindicates amore shallow or restricted
soil than would normally occur in the Wyoming big
sagebrush type only (Hironaka and others 1983). Basin
big sagebrush generally grows on deeper soils that
are well drained. If it is found growing adjacent to
stands of Wyoming big sagebrush, it will occupy the
more mesic sites. Mountain big sagebrush is found
throughout the upper foothill and mountain areas.
Some populations will grow on the lower foothill and
bench areas where soil moisture is available for most
of the summer. It is not uncommon to find 40 or more
plantspecies associated with mountain big sagebrush.
Where sagebrush is displaced by dwarfed salt-desert
shrubs, either shadscale or Gardner saltbush, the site
will probably be too dry to justify rehabilitation meas-
ures. Where available moisture is near the minimum
limit, species that can be seeded successfully are lim-
ited. At such sites, one should be cautious with selections
of species, site preparation, and seeding equipment.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004



Arthur R. Tiedemann
Carlos F. Lopez

Assessing Soll
Factors in Wildland
Improvement
Programs

Soil factors are an important consideration for successful
wildland range development or improvement programs. Even
though many soil improvement and amelioration practices are
not realistic for wildlands, their evaluation is an important step
in selection of adapted plant materials for revegetation. This
chapter presents information for wildland managers on: the
importance of soils physical, chemical, and nutrient consider-
ations in wildland restoration and rehabilitation; the basis for
evaluating wildland soil suitability for plant growth; effects of
management activities on soil factors; assessment of soil nutri-
ent deficiencies in terms of plant needs; development of a fertil-
izer prescription; and principles of fertilization of wildlands.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004 39



Chapter 7

The Need for Soil Improvement and
Nutrient Amelioration

The Resources Planning Act document (USDA
1980a) and the Public Rangelands Improvement Act
(U.S. Laws and Statutes 1978) indicate that public
rangelands are producing less than their potential
and many are in unsatisfactory condition. These con-
ditions pose a risk of soil loss, desertification, and
lowered productivity for large areas. Both the Re-
sources Planning Actand Public Rangelands Improve-
ment Act stress the need to correct the unsatisfactory
rangeland conditions through intensified manage-
ment and improvement techniques. Accomplishing
the goals set forth in Resources Planning Act (USDA
1980a) and the Public Rangelands Improvement Act
(U.S. Laws and Statutes 1978) will require rehabili-
tation of depleted wildlands and perhaps the develop-
ment of marginally productive wildlands.

Intermountain wildlands—in particular range-
lands—are no exception to the conclusions drawn by
these two laws regarding lands producing below
their potential. Managing for improvement of Inter-
mountain wildlands, to date, has stressed: livestock
grazing strategies, manipulation or elimination of
shrubby species of vegetation to improve range pro-
ductivity and wildlife habitat, and restoration of
watershed stability. Management of soil factors that
limit plant establishment and productivity has re-
ceived little attention. Soil management has been
limited because of possible negative cost-benefit ratios.

Wildland soils, especially those where water is the
main limiting factor are not usually cultivated,
amended by fertilization, or treated to improve their
physical or chemical condition. Except for stabiliza-
tion of human-degraded sites such as surface mined
areas, or areas where downstream values are threat-
ened, soil management on unstable areas of inherent
low productivity has not been warranted because of
excessive costs.

Rehabilitation of sites impacted by surface mining
and the resultant spoils has required techniques such
as topsoil replacement, terracing, liming, organic soil
amendments, irrigation, and transplanting mature
plants with specialized equipment. Another problem
in the application of soil management technology to
wildlands has been the fact that most of the informa-
tion has been developed for the more fertile, produc-
tive, arable lands.

Basic Factors Influencing Soil
Fertility, Productivity, and
Reclamation Potential

Soil developmentis afunction of climate, organisms,
relief, parent material, and time (Jenny 1941, 1980).
The ability of a specific site to produce vegetation is
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determined by the factors that influence soil forma-
tion as well as the history of land use (Klemmedson
and Tiedemann 1995a). Suitability of the soil for
plant growth is determined by those qualities and
properties of the natural soil that physically, chemi-
cally, and biologically provide the necessary water
and nutrients for growth and development of plants.
Assessment of the soil’s physical state will determine
if the soil is suitable for improvement efforts. On
eroded lands, for example, the loss of considerable
quantities of soluble organic and mineral matter and
nutrients accompanies the removal of surface soil
layers (Klemmedson and Tiedemann 1995a). In addi-
tion to a loss of nutrient capital, removal of the more
fertile surface soil layer may expose subsurface soils
having abnormal pH (high or low) that can adversely
affect nutrient availability.

Erosion also causes changes in productivity that
may be difficult to compensate by additional fertilizer
application. Such changes are caused by decreased
water infiltration, decreased water-holding capacity
of the soil, a less favorable root environment, and
changes in soil temperature due to a difference in
albedo and other factors. The quantitative effects of
such changesare notwell known (Flachand Johannsen
1981). Thus, assessment of soil factors will determine
whether or not improvement would be beneficial or
even feasible.

Soil physical properties are related to depth, tex-
ture, structure, bulk density, permeability to water,
capacity to hold water, and depth to limiting layers.
Slope, although not a soil physical factor, is an impor-
tant consideration in determining the suitability of a
site for revegetation and its productivity potential.

Chemical characteristics exert physiological stresses
on plants through their effects on plant water rela-
tions, nutrient availability and uptake, and toxicity
effects related to excess concentrations of certain chemi-
cal elements. Chemical characteristics that can be
used to determine soil suitability include pH, salinity,
and exchangeable sodium percentage. Concentrations
of total and available essential plant nutrients in the
soil are also an important determinant of soil fertility.

Measuring as many of these factors as possible will
assist the land manager in determining wildland soil
productivity potential and will provide the means to
assess possible success or failure of proposed manage-
ment or improvement efforts. Although a site may
grade as “high” in all categories except one, positive
results will not necessarily be realized. In fact, the
one factor graded as “low” such as exchangeable
sodium percentage or acidity might very well impede
or prohibit all efforts to improve or rehabilitate a
particular site.

In situations where rehabilitation is mandated, as in
fire- or flood-ravaged watersheds, mined areas, or other
massive disturbances, table 1 defines soil chemical
and physical factors that must be considered if reveg-
etation is to be successful. It will become apparent to
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Table 1—Table for evaluating soil characteristics for productivity potential and possible improvement.

Level of suitability

Soil Low
property (essentially
or quality unsuitable) Moderate High Reference
USDA Loamy sand, Clay, silty, Sandy loam, Brady 1974
texture sand clay, sandy clay
(<18% clay) (>35% clay) loam, loam,
clay loam,
silty clay,
loam (18-
35% clay)
Soil Massive, Platy, blocky Granular Soil Survey Staff 1962
structure single grain prismatic
Bulk density >1.6 cc 1.4-1.6 <1.4 Daddow and Warrington 1983;
(g/cm®) Russell 1973; White 1979
Permeability (<0.5) or 5.0-15 and 0.6-5.0 Soil Survey Staff 1962
(cm/hr) (>15.0) 0.5-1.5
Available <0.08 0.08-0.16 >0.16 Brady 1974; Broadfoot and
water-holding Burke 1958
capacity
(cm H,O/
cm soil)
Coarse frag >35 15-35 <15 Soil Survey Staff 1962
content (%)/wt
Depth to <50 50-100 >100 Soil Survey Staff 1962
limiting
layer (cm)
Slope % 20-30 10-20 <10 USDA 1965a;
Forest Service Handbooks
2209.21 and 2209.31
Organic <0.5 0.5-2.0 >2.0 Donahue and others 1977;
matter (%)/wt Foth 1978; Hendricks and
surface soil Alexander 1957
pH (<5.1) (5.1t0 6.5) or 6.6t07.3 Soil Survey Staff 1962
(>8.4) (7.4 t0 8.4)
Salinity >8 4-8 <4 Richards 1954
(mmhos/cm)?
Exchangeable >15 2-15 <2 Richards 1954

sodium
percentage
(ESP)°

@ Measured in terms of conductivity of saturated soil extract.

ESP refers to exchangeable sodium percentage.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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the reader that many of the soil characteristics are not
feasible or practical to amend on wildlands despite the
fact that reclamation technology may be presently in
use in arable cropland settings.

Seeding or planting adapted species will be the
primary feasible means for restoring vegetation, and
hence soil stability, to most wildland sites. Despite our
inability to alter some of the soil or site conditions,
awareness and characterization of soil and site factors
is one of the first steps in selecting adapted species.

The importance of each of the various properties
that can be used to determine soil suitability (table 1)
are discussed.

Soil Texture

The percentages of sand, silt, and clay determine
the texture of the soil. Particle size and the percentage
composition affect the packing arrangement and the
amount of actual surface area per given unit volume of
soil (Fairbridge and Finkl 1979; Millar and others
1958). The amount of surface area varies inversely
with the size of soil particles.

Because most of the importantchemical reactionsin
soils take place at the surface of the soil particles
(Jenny 1980), the amount of surface area per unit
volume of soil is important in determining the interac-
tion between plant roots and soils. The surface to
volume ratio increases with decreasing particle size
(Fairbridge and Finkl 1979; Millar and others 1958).

Texture also controls the rate at which water moves
into the soil and the amount of water that can be
stored in a given thickness of soil for plants to use.
Clay provides the highest surface area, but if clay
content is great enough to restrict air and water
movement, these critical variables may limit produc-
tivity. Soils in the pure sand range have high rates of
water infiltration but are low in productivity because
they do not retain water or nutrients. The ideal sub-
strate is texturally balanced soil in the loam range.
Loam allows for a volume composition which leads to
adequate surface area for nutrient exchange sites
without compromising air and water space.

Texture can be measured qualitatively in the field
by feeling slightly moistened soil. With training, an
individual can learn to distinguish the major textural
grades by this method. However, the most accurate
procedure is to measure texture in the laboratory.
For appropriate laboratory methodology, the reader
is referred to Methods of Soil Analysis (Black and
others 1965a,b).

Soil Structure

Soil structure refers to the “aggregation of pri-
mary soil particles (sand, silt, clay) into compound
particles, or clusters of primary particles which are
separated from adjoining aggregates by surfaces of
weakness” (Millar and others 1965). The grouping or
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arrangement of particles exerts considerable influ-
ence on overall soil productivity through effects on
water movement, heat transfer, aeration, bulk den-
sity, and porosity.

Variations in soil structure are: granular, crumb,
platy, blocky, prismatic, and columnar, with a range
of intergrades (Fairbridge and Finkl 1979). Struc-
tureless soils are either massive or single-grained.
Massive soils are more or less compacted, restricting
air or water movement. Single-grained soils, are gen-
erally excessively drained and low in nutrients. Soils
with weak structure are susceptible to raindrop ac-
tion and are potentially more erosive than soils with
good aggregation.

Management considers structure to be one of the
most sensitive of the soil characteristics. Machinery
and grazing animals both have the potential to ad-
versely affect the structure of the soil (Fairbridge and
Finkl 1979; Gifford and Hawkins 1978; Soane and
others 1981). In the case of soils high in clay, operating
heavy machinery or livestock trampling may puddle
the soil. When puddled soil dries, it may become
impermeable to moisture, resulting in increased ero-
sion potential and reduced availability of moisture to
plants. Destroying structure of coarser soil materials
also leads to increased erosion potential.

When prescribed fire is used as a management tool
to eliminate residues, reduce competition, or elimi-
nate unwanted vegetation, structure of the soil can
be affected if the heat of the fire is great enough to
remove litter and duff and expose the mineral soil to
puddling and baking of the surface (Wells and others
1979). Prior to initiation of prescribed burning, it
would be wise to conduct at least a field evaluation
of the soil to determine if it may be susceptible to
adverse changes in structure by fire management.

When structure is adversely affected by manage-
ment, there are generally no economically feasible
techniques for correcting the damage except elimina-
tion of the cause of the damage and allowing time
for restoration of structure. Establishing vegetation
on denuded sites will aid in restoration of structure
(Fairbridge and Finkl 1979). Soil structure problems
on small areas may be amenable to organic matter
amendments to improve structure (Fairbridge and
Finkl 1979).

Structure can be determined by trained personnelin
the field where the overall characteristics of arrange-
ment and aggregation of the soil separates in a profile
can be assessed. But the most accurate assessment
is by laboratory analysis.

Bulk Density (Volume Weight)

An important land management concern is the pos-
sibility of reduced vegetation productivity due to soil
compaction (increased bulk density) by recreational

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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vehicles, machinery, and livestock. Studies have
shown the detrimental effects of soil compaction on
the establishment and growth of range plants
(Adams and others 1982; Lull 1959; Wilshire and
others 1978). Bulk density of fine textured soils under
heavy grazing use in Northeastern Colorado was
1.52 g/cm3 comparedto1.34 g/cm3 under light grazing
(Van Haveren 1983). On coarse-textured soils, there
was no difference between light and heavy grazing.
Willatt and Pullar (1984) observed a direct relation-
ship between stocking rate and bulk density.

Effects of soil compaction on plant growth are due
to a complex interaction between many soil and plant
properties, but for many situations there seems to
be an upper limit or threshold bulk density value at
which resistance to root penetration is so high that
root growth is essentially stopped (O'Connell 1975).
Restricted root penetration and elongation also re-
duces the volume of soil that can be exploited by a
plant for essential nutrients and water, thereby
causing a reduction in total growth. The established
limits (table 1) are averages for intermediate textural
grades (Daddow and Warrington 1983; Russel 1973).
Bulk density threshold limits have been established
for the various textural grades. The reclamation spe-
cialist is referred to Daddow and Warrington (1983)
for limits based on specific soil textures.

Bulk density is easily measured in the field by
trained personnel. See Black and others (1965a) for
methodology. Laboratory procedures also determine
bulk density.

Permeability

Permeability expresses the rate at which water is
transmitted through the soil (Fairbridge and Finkl
1979). In the absence of precise values, soils may be
placed into relative permeability classes through
studies of bulk density, structure, texture, porosity,
cracking, and other characteristics of the horizons in
the soil profile in relation to local use experience. Soils
with excessively high (>15 cm/hr) or low (<0.5 cm/hr)
permeability are low in productive potential. High
permeability soils have low water and nutrient reten-
tion capacity. Insoils with low permeability, water has
limited opportunity to enter the soil and the potential
for surface runoff and erosion could be increased.

Operation of machinery and trampling by livestock
have the potential to reduce permeability through
their effects on soil structure and bulk density (Gifford
and Hawkins 1978; Soane and others 1981). A review
by Gifford and Hawkins (1978) indicates that graz-
ing in some situations causes a marked reduction in
infiltration rates of soils. Fire, in addition to altering
soil structure, may result in the formation of water
repellent layers that reduce infiltration and result in
increased surface runoff (Tiedemann and others 1979;

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-136. 2004
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Wells and others 1979). In addition to increased ero-
sion, reduced infiltration means less water available
for plant growth. Prior to the use of prescribed fire,
the potential for development of water repellency
and other soil permeability problems should be evalu-
ated. This would necessitate determining the soil
texture to detect soils high in clay where soil sealing
and puddling problems may arise from elimination of
the litter and duff layers.

Permeability can be increased by mechanical treat-
ments such as contour furrowing, terracing, pitting,
and water spreading (Vallentine 1971). Specialized
machinery such as the rangeland imprinter (Dixon
and Simanton 1977) has also been used to promote
increased water infiltration.

Permeability is best measured in the field with
infiltrometers. Infiltrometers are generally of two types:
double ring and rainfall simulators (Wisler and Brater
1959). The double ring infiltrometer is the easiest to
set up, use, and interpret.

Available Water-Holding Capacity

Available water is the portion of stored soil water
that can be absorbed by plant roots to sustain life. It
is that portion of the water that remains in soil after
excess water has drained away and the rate of down-
ward movement has decreased materially (Veihmeyer
and Hendrickson 1950). Available water-holding ca-
pacity depends on bulk density, soil texture, and
coarse fragment content (Broadfoot and Burke 1958).
See tables in Broadfoot and Burke for specific infor-
mation on available water-holding capacity with soils
of differing texture, bulk density, and percent coarse
fragments. Soils in low and moderate ranges are
inhibited from being highly productive simply because
of theirinability to store water and retain nutrients for
plant use. Low water-holding capacity would be par-
ticularly restrictive to plant productivity in low to
moderate precipitation zones or zones with irregular
precipitation, especially when dry periods are long
and unpredictable in their occurrence. This is the case
in many areas throughout the Intermountain West.

Through effects on permeability, any management
practice that results in reduced infiltration will cause
an increase in surface runoff with the end result of
reduced soil water storage.

The determination of available water-holding ca-
pacity is a laboratory procedure requiring specialized
equipment.

Coarse Fragment Content

Coarse rock and gravel in soils include fragments
greater than 2 mm in diameter. The size and amounts
of coarse fragments in the soil influence nutrient
storage capacity, root growth, moisture storage, water
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infiltration, and runoff, primarily through their dilu-
tion of the mass of active soil. The basis for the
arbitrary limits (sizes and percentages) have been
determined, taking into consideration interference
with agricultural machinery (table 1). Thus, limits
may not be as restrictive for seeding methods used to
reclaim some rocky or stony wildlands.

Coarse fragments are easily measured using sieving
screens of known dimensions.

Depth to Limiting Layer

The depth of soil available for root development
will have considerable influence on the forms and
types of plants that can inhabit a site (Jenny 1980;
Kramer 1969). Shallow soils with restrictive layers
near the surface generally can support only drought-
tolerant or drought-avoiding plants that normally
have shallow roots. A depth restriction may be bed-
rock, a hardpan or caliche layer, a high water table, a
marked textural change (such as loam over gravel), or
soil horizons having a limiting effect due to high bulk
density or toxicity, such as high salinity.

Physical barriers such as carbonate layers (caliche)
that develop in arid regions, and clay layers, can be
broken up by ripping or deep chiseling (Vallentine
1971).

Slope

Slope is an important variable in the ability of a
site toabsorb and retain moisture. It follows that slope
is a major determinant of the erosivity of a site—as
slope increases, erosion potential increases. Also, as
slope increases, the ease with which vegetation is
established diminishes.

Slope steepness aggravates effects of manage-
ment on soil characteristics. Changes in protective
soil cover, structure, permeability, and bulk density
that would not cause increased surface runoff and
erosion on gentle slopes (<10 percent) could pose a
serious threat to soil stability as slopes approach 30
percent. Effects of fire on physical soil characteristics
and erosion are also amplified by increasing slope
steepness (Tiedemann and others 1979; Wells and
others 1979; Wright and Bailey 1982).

Organic Matter

All materials of vegetable and animal origin formed
in or added to soil are collectively referred to as
organic matter (Fairbridge and Finkl 1979). Most of
the organic matter added to soils originates from dead
plant parts in the form of litter on the surface and
decomposition of roots below the surface (Fairbridge
and Finkl 1979). Cultivated soils contain only 1 to
5 percent organic matter and Intermountain Great
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Basin semi-arid wildland soils would generally con-
tain less than 3 percent (Foth 1978; Hagin and Tucker
1982). However, the small amount present can modify
the soil's physical properties and can strongly affect
its chemical and biological properties.

Organic matter is responsible for desirable soil
structure. It increases soil porosity, improves water
and air relations, and reduces erosion by wind and
water. Chemically, organic matter is the soil store-
house and cycling center of most of the nitrogen (N),
5 to 60 percent of the phosphorus (P), and up to 90
percent of the sulfur (S) (Kowalenko 1978). Availabil-
ity of nutrients, of course, depends on the rate at
which organic matter is decomposed and incorporated
into mineral soil. Also of importance is the capacity of
organic matter to hold nutrient elements such as
potassium (K), calcium (Ca), and magnesium (Mg),
similar to the way that clays hold these elements in
base exchange equilibria (Brady 1974). In addition,
organic matter, by release of acid humus, aids in the
extraction of elements from primary and secondary
minerals.

The ratio of carbon (C) to nitrogen is an important
determinantof nitrogen availability. The normal ratio
in undisturbed surface soil (upper 15cm)is10o0r12to1
(Tisdale and Nelson 1975). As the C:N ratio widens,
nitrogen availability is reduced because microbes re-
sponsible for organic matter mineralization utilize the
available N. Nitrogen fertilization should be consid-
ered when this ratio exceeds 12:1.

Depletion of soil carbon by long-term cultivation
has been well documented for croplands (Jenny 1933).
However, the picture for carbon depletion associated
with grazing is not as definitive. Milchunas and
Lauenroth (1993) compared soil carbon in grazed
areas with that in ungrazed areas for 37 sites around
the world. Soil carbon in grazed sites was greater or
equal to that in ungrazed for about half of the sites.

Operation of machinery on wildland soils would be
expected to incorporate surface accumulations of or-
ganic matter in the form of litter and humus. In-
creased mineralization of this organic matter would
tend to create