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ABSTRACT

0il shale development in the Piceance Creek Basin of northwestern
Colorado can bring about profound changes in both the vegetation and
physiography of the area. These changes may have significant affects
upon the wildlife population and livestock use within the basin if
proper rehabilitation procedures are not followed.

Potential changes have warranted the study of species adaptability
for future revegetation programs. Locations in four major vegetation
types in the oil shale region were studied with respect to restoring
areas where surface disturbances may occur, such as roads, pipelines,
construction sites, or where the topsoil may be used to cover over-
burden or processed oil shale material.

The objectives of this study were to determine which native and
introduced species would be best suited for revegetation projects in
each vegetation zone selected. Species were selected for purposes of
protecting the soil from wind and water erosion and improving the
habitat for large herbivores.

Native and introduced species of grasses, forbs and browse were
planted in the fall of 1972 and 1973 on favorable and unfavorable
expressions in the following major vegetation zones: 1) Low Elevation
Pinyon-Juniper Woodland, 2} Mid Elevation Sagebrush Shrubland, 3) High
Elevation Pinyon-Juniper Woodland, and 4) Mixed Mountain Shrubland.

Two treatments of surface disturbances were applied to each
expression at the four ecosystems. These treatments included:

1) vegetation removed by scraping with a minimum of soil loss and

2) plowing to a depth of 20 to 30 cm after removal of the vegetation.



Preliminary results of emergence and survival at each vegetation
type appear promising for future revegetation projects. Various
wheatgrasses, bromes, and green needlegrass displayed good to
excellent emergence and survival at all locatious. The forbs and legumes
which showed the most success were the vetches, alfalfas, sweetclover,
penstemons, Lewis flax, bouncing-bet, and arrowleaf balsamroot. Browse
species have been slower to germinate and grow than the grasses and
forbs. This has been due to dormancy, poor quality seed, and the loss
of seed to birds and rodents. Browse plants which performed the best
throughout most locations were Stansbury cliffrose, green ephedra,
black chokecherry, antelope bitterbrush, winterfat, and yellowbrush.

Species which did best at the higher elevations included Manchar
brome, mountain brome, Barton western wheatgrass, C-43 basin wildrye,
sweetanise, Rocky Mountain penstemon, gooseberry-leaf globemallow,
verbena, common bladdersenna, desert bitterbrush, and black chokecherry.

Species that performed best at the lower elevations included Sodar
streambank wheatgrass, bouncing~bet, yellowbrush, and winterfat. Most
species which displayed good emergenée and survival performed equally
well on both favorable and unfavorable sites.

Natural revegetation following disturbance also shows promise for
reclamation provided the disturbance is not long-term and adequate
seed sources and rootstock are present in the soil material that is
remaining or replaced.

In general, the species present prior to disturbance were also
important following both scraping and plowing. During the two years

of this study, the natural stage of succession at the lower elevations
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appeared to be at a grass-forb stage with some annual forbs. At the
higher élevations the successional stage again appeared to be in a
grass—forb stage but progressing into a shrub-grass stage. Natural
recovery is a slow process in the semi-arid situations but is an
important factor to be considered because successional processes will
be responsible for developing, at least in part, the diverse vegetative

ecosystems necessary to support the complex animal populations.

iii



INTRODUCTION

In 1918, the first full-scale processing plant, consisting of a
crusher and retort, began operation near DeBeque, Colorado. By 1920
there were well over a hundred fledgling o1l shale companies buying land,
patenting claims, constructing retorts and selling shares. Americans
have been debating the feasibility, as well as the plausibility, of
shale oil as a source for fossil fuel for well over a half a century.

The o1l shale boom in the early 1900's did not last long. Shale
0il was not a profitable energy source as everyonme initially thought and
the need for shale o0il was no longer present with the discovery of more
adequate sources of crude oil. In the late 1960's and early 1970's,
supplies of petroleum became critical. World population continually
increased accompanied by a continually rising standard of living. Fossil
fuel reserves were dwindling quickly, and the tremendous demand and
increasing costs of crude o0il in the United States resulted in an in-
creased interest in shale oil.

Today, large scale development of vast oill reserves in the exten-
sive shale beds of the western United States has virtually become a
reality. Development will be taking place in relatively fragile en-
vironments, which can have a profound affect on landforms, vegetatién,
and animal life. Since the Piceance Creek Basin is the habitat for one
of the largest migratory mule deer herds in the world and is one of the
most productive wildlife areas in the state, 1t is a major recreational
resource. Thus, any revegetation project carried out in this area must
serve a multitude of purposes. It must reduce erosional processes,

provide aesthetic beauty, restore wildlife habitats and provide the



necesgsary food resource for domestic as well as wild herbivores in the
area.

From other studies of semi-arid regions, similar to the Piceance
Basin, it has been shown that mény landforms under these climatic
conditions are unstable and suseptible to destructive and sudden erosion-
al processes. The revegetation of disturbed lands must depend ultimately
upon the use of plants adapted to the semi~arid climate in this area.
Suitable plant species must be tested and confirmed before oil shale
development begins. If so, the revegetation process can be conducted
quickly and confidently in order to restore the disturbed areas before
undesireable changes occur.

A detailed review of pertinent literature has been included with the
Phase I final report (Terwilliger, Cook and Sims, 1974), and will not be
included here. The report following includes detailed descriptions of the
‘study area, methodology involved in this field research and the results of
species adaptability trials on the various ecosysfems subjected to different
surface disturbances over a two-year period and an evaluation of natural
recovery following surface disturbances with reseeding. Summary tables
are found in the body of the report and more detailed data are found in

the Appendix.



DESCRIPTION OF THE STUDY AREA

The Piceancé Creek Basin is located in northwestern Colorado. It is
a topographic feature about 153 km long and 80 km wide. Part of this
structural basin forms a distinct physiographic unit, the Roan Plateau,
bounded on the east by the Grand Hogback, on the south by the Colorado
River, and the Book Cliffs, on the west by Douglas and Salt Creeks and
the Cathedral Bluffs, and on the north by the White River (Figure 1).

The Piceance Creek o1l shale area of Colorado occupies the eastern most
portion of the Tavaputs Plateau, part of the Uinta Basin Section of the
Colorado Plateau Physiographic Province (Schumm and Olson 1974),

The basin is located in Rio Blanco and Garfield Counties. The
two principal towns in Rio Blanco County are Meeker, the county seat,
with a 1971 population of 1,536, and Rangely, with a population of 1,638.
The post office which bears the name Rio Blanco is located near the
intersection of the county lines and the head waters of Piceance Creek.
The total population of the c0unty,'as of 1971, was 4,761 (U.S.D.I. Vol. I
1973).

The major communities in Garfield County are Glenwood Springs, the
county seat, with a 1971 population of 4,100, Rifle, with a population
of 2,500, and Grand Valley, with a population of less than 500. The
total population of the county, as of 1971 was 14,800. The Utah state
line forms the western boundary of both counties (U.S.D.I. Vol. 1 1973).

The Piceance Creek Basin (Figure 23) is unique in that it has been

classified as a topographic basin, a structural basie and a depositional
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basin. Topographically, the lowest elavations, 1738 m, are situated along
Piceance Creek in the center of the basin, while high ridges, up to 2745 m
are around the edges of the basin. Structurally, the basin has all strata
tilted toward the center of the area, thus the greatest depths to any given
strata, such as that which contains the 0il shale is in the ceanter of the
basin. The area was also a depositional basin slowly sinking in the

center as sediment filled it, thus the thickest strata, including those
richest in oil shale, are situated in the central part of the basin

(Campbell et al. 1974).

Stratigraphy

All of the o0il shale and overburden in the Piceance Basin is in the
Green River Formation. This formation was divided into members as
shown in Figure 6b. Of primary interest is the oil rich Parachute Creek
Member and the overlying Evacuation Creek Member which comprises most of
the overburden. The richest oil shale is found below the Mahohany Marker

in the Parachute Creek Member (Figure 2b).

Soils

Detailed soil information for the Picenace Creek Basin is very
limiting. FExcept for a soil survey of the Little Hills Experiment Station
and a few isolated surveys made for the purpose of developing ranch plans,
there is essentially no detailed soil survey iInformation available for the
oil shale area (Campbell et al. 1974).

A general soil map showing soil associations is available for the

area and 1s useful In comparing different parts of an area, or for locating
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large tracts of land that are suitable for various uses. Such a map is

not useful for on-site planning for a small area because the soils in any
one association usually differ in degree and complexity of slope, drainage,
texture, stoniness, infiltration, and other characteristics that affect
management (Campbell et al. 1974).

Soil information that is available suggests that soils of the Piceance
Creek Basin vary widely in characteristics such as depth, texture,
structure, stoniness, moisture regime, temperature regime, organic
matter, and in their chemical nature. The existing mapped, chemical
and physical data are not adequate for defining the extent, distribution,
chemical and physical properties of soils, except in a very general
manner (Campbell et al. 1974).

The soil water regime refers to the presence or absence of either
groundwater or of water held at tension <15 bars in the soil for various
periods of the year. Soil water regime of a soil is important to re-
vegetation work primarily because it is related to the growth potential
for different plant species (Campbell et al. 1974).

The water regimes discussed by’Campbell et al. (1974) include
aquic, aridic and torric, ustic and udic. The aquic water regime
refers to a soil which 1s saturated by groundwater or by water of the
capillary fringe. The period in which the soil is saturated is not
exactly known.

The terms "aridic" and "torric" are used to identify the same water
regimes, but in different categories of the taxanomic classification.

In the aridic (torric) water regime the water control section in most

years is 1) dry in all parts more than half the cumulative time that the
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s0il temperature at a depth of 50 cm is above 50 C; and 2) never moist
in some or all parts for as long as 90 consecutive days when the soil
temperature at a depth of 50 cm is above 8° c. Soluble salts will
accumulate in the soil in this water regime because of little or no
leaching.

Water is limiting under a ustic soil water regime, but water is
present at a time when conditions are suitable for plant growth. The
annual soil water condition in soils having this regime can be described
as follows: The period from late September through mid-February to late
April is a period of surplus moisture (where precipitation exceeds
evaporation). It is during this period that some leaching could occur.
From late April to mid or late June evaporation exceeds precipitation.
There is sufficient water for plant growth but very little ieaching
occurs. During the period from mid or late June to September a water
deficiency occurs. Growth and establishment of plants is very limited
during this period.

The udic soil water regime implies that in most years the soil water
control section is not dry in any part for as long as 90 days cumulative.
In general, the udic soil water regime is common to seils found in
climates that have a well distributed rainfall or have sufficient rain
in the summer that the amount stored equals or exceeds the amount lost
through evapotranspiration. The annual soil water comdition in soils
having this soil water regime can be described as follows: From mid-
September to early December is considered a recharge period. From
early December to late April is considered a surplus period. Leaching
could occur during this period if the soil is not frozen. From late April
to mid-September is a period of utilization. Very little leaching will

occur during this period.



Climate

Annual precipitation in the Piceance Basin varies from approximately
30.4 cm in the extreme northwest corner to approximately 60.9 cm in the
southwest corner. .The area is generally classified as semi-arid (U.S.D.I.
Vol. I 1973).

Slightly less than half of the precipitation occurs as snow and falls
during the period of December to April. The amount of precipitation
occurring during the spring season is usually very small. During the
latter part of the summer, thunderstorms occasionally occur; flash
floods, ranging from light to very severe, accompany the storms. Fall
weather varies from fair to periods of infrequent rain storms or snow
storms.

The area is subject to extreme temperature differences, with summer
temperatures reaching 37.50 C, and winter temperatures dropping to a -40° c.
The frost-free season varies from a period of 124 days at the lower eleva-
tions to a period of 50 days at upper elevations. The dry climate and
relatively short growing season restrict cultivation to the growth of
small quantities of irrigated native hay, alfalfa, corn for silage, and

some small grains along Piceance Creek and the White River.

Vegetation

According to Ward et al. (1974) the natural vegetation in the
Piceance Creek Basin can be divided into two distinct categories, the
bottomlands and the uplands, based on their relative topographic position.

Bottomlands, which include the valley floors and alluvial fans, are areas
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of erosional accumulation and areas which receive water both from pre-
cipitation and run-on. Uplands include the hillsides and ridges and

are areas of erosional depletion, where precipitation is the only source
of water and sometimes excessive runoff occurs.

Some of the communities described occur through the region, while
others are more restricted. Plant communities of limited geographic
extent are usually ignored, while communities occupying large portions
of the lanscape are included. Some communities with small geographic
representation are included due to their aesthetic importance (aspen)
or their occupancy of critical sites (riparian woodland).

Some vegetation types vary widely from place to place while others are
nearly the same everywhere found. Some 18 plant communities have been
described by Ward et al. (1974). Due to the lack of quantitative data
this listing must be considered tentative. A list of the common and

scientific names referred to in the text is found in Appendix Table 1.
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Land Use

Public lands in the Piceance Creek Basin are primarily used as a
watershed, grazing by domestic livestock, wildlife habitats, areas for
limited gas production, and outdoor recreation areas. These uses have
not changed appreciably in recent years. The public domain lands are all
included in two grazing districts administered under the Taylor Grazing
Act. About 60,000 authorized animal unit months of forage use are
distributed among 45 permitees (U.S.D.I. Vol. I 1973).

Cattle graze yearlong on about 50 percent of the area and both cattle
and sheep graze the remainder of the area during spring, summer and fall.
Mule deer and elk are found throughout the area with the estimated mule
deer herd being approximately 20, 000.

Land 6wnership within the Piceance Creek Basin at the present time
is divided as follows: Bureau of Land Management--64 percent, State--3
percent, and private land--31 percent.

Future land use may bring about more profound changes than have
been experienced since man has entered the basin., 0il shale development
will require the use of land under three categories: 1) that associated
with urban development, 2) that associated with utility corridors and the
expansion of the roadway system between urban areas and the plant sites,
and 3) that land associated with the development of the plant and mining

areas.
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METHODS AND MATERIALS

Selection of Plots

During the summer of 1972 four major vegetation types were selected
in the Piceance Creek Basin according to relative productivity and percent
of total land area occupied. The four vegetation types included: 1) Mid
Elevation Big Sagebrush Shrubland, 2) Low Elevation Pinyon-Juniper
Woodland, 3) High Elevation Pinyon-Juniper Woodland, and 4) Mixed Mountain
Browse (Shrubland). The above numbers correspond to those shown on
Figure 1. A research plot was chosen in each vegetation type according to
vegetation cover, slope and'aspect. Each location chosen includes both
an unfavorable harsh site and a favorable site in order to get a better
representation of the natural ecosystems throughout the basin. The
favorable sites were primarily level in slope with relatively high
vegetation cover and production. The harsh sites were either a south,
west or northwest exposure with steeper slopes and relatively low plant

production and cover.

Experimental Design and Plot Preparation

Each location was set up in a completely randomized split-split
plot design with two replications on each site along with two treatments
(Figures 3, 4, 5 and 6). After the experimental design was determined
treatments were then applied to each site. The two surface disturbances
that were applied included: 1) vegetation removed by scraping (with
a D-8 caterpillar) with a minimum of topsoil loss and 2) plowing to a

depth of 20 to 30 cm after removal of the vegetation (with a rubber tired
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tractor). The purpose of the two treatments was to determine which
one would aid germination, growth and survival.

The final plot preparation included the construction of a four
strand barbed wire fence around each location. Each plot was fenced
off during the summer of 1973 in order to exclude both cattle and
wild horses. A deer proof fence was initially considered for each

location, but a lack of funds prevented construction.
Species Selection

Seed for each species was purchased from various seed companies
during the summer of 1972. Some species were obtained from the Soil
Conservation Service's Plant Materials Center in Los Lunas, New
Mexico, while the remaining species were acquired from private
seed companies in Colorado, Utah, Idaho and Kansas.

An emphasis was placed on native species when ordering seed.

As many native grasses, forbs and browse as possible were obtained,
along with introduced species that were found to be superior in

past seeding trials in environmeﬁts similar to the Piceance Basin
(Appendix Table 2). Native species were emphasized primarily
because the information related to seeding methods, along with
survival and production of native species was limited. The use of
native species in revegetation projects, in the place of introduced
species, should also accelerate the successional process in order to

reach a self sustaining ecosystem more rapidly.
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Planting

Each location included adequate space, approximately 0.8 hectare
(2 acres), for two separate seedings, a natural recovery area, and native
control zones. The first seeding took place during September and October
of 1972 and the second seeding during September 1973. The two treatments
were re-applied in August 1973 before the second seeding took place in
order to remove the invading annual and perennial species.

Seeding was done by hand into six meter rows at a depth of 1.27 cm.
Approximately 150 seeds were planted per linear meter. The first two
seedings utilized individual species in each row except for one mixture
used during the second seeding in 1973, Future seedings will place more
emphasis on mixtures.

A rather high seeding rate was used primarily because the germ-
inability of the seed was unknown. It was felt that a high seeding rate
would assure some germination in the seeding trials. In the fall of 1973,
after the second seeding took place, germination tests were conducted on
all seeds planted in 1972 and 1973 (Appendix, Table 3). The testing for
grasses and forbs was done in accordance with the Rules For Testing Seed
(Association of Official Seed Analysts 1970). Browse species, however,
were not tested in the same manner because of a dormamcy factor which
had to be overcome. Therefore, a standard tetrazolium test was conducted

on all browse seeds to determine viability.

Emergence And Survival

Information was collected during the spring, summer and fall of the

first growing season (1973) and again in the summer of the second growing
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season (1974). The data collected in 1974 on the second seeding were
for the first growing season. Qualitative and quanitative data were
collected in 1973, while only qualitative data were collected in 1974
because of a lack of sufficient time.

Each seeded row was observed and rated on a scale of 0, 1, 2, 3, or
4, which represented none, poor, fair, good, and excellent emergence
or survival, respectively. This procedure was used at each location to
gather qualitative information concerning emergence during the first
growing season and emergence and survival during the second growing
season. This information was collected for the first seeding in May
1973, June 1973, September 1973, June 1974, and July 1974. Qualitative
data were also collected for the second seeding in June and July 1974.

Seedlings were counted during the first growing season (August 1973)
to acquire quanitative information on emergence. Sample units for
counting seedlings consisted of four sections, 30.48 cm in length, along
each seeded row. A tape measure was placed along each row, four sections

were chosen, and seedlings were counted.

Natural Recovery

The center one-third of each location was scraped and plowed, and
then left for natural revegetation ta take place. Because of the limited
data available on natural recovery from surface disturbances in the
Piceance Basin, information collected here wili be essential in révege-
tation programs.
Double sampling procedures were conducted, using a 0.1 m2 Daubenmire (1959)

plot in order to collect canopy cover and biomass data on the natural
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recovery and control zones (Daubenmire 1959). Within each favarable site 33
random sample points were used to gather this data. Cover and biomass
information was collected by species and then analyzed as described by
Daubenmire (1959). This data was collected in August 1973, June 1974 and
August 1974. Canopy cover on the native areas has been included in the section
on results and discussion. The other information on biomass and canopy cover
on the natural recovery areas has not been included because the main object~
ive of this study was to determine species adaptability from artificial

revegetation.

Methods of Analysis

The statistical programs used in this analysis included chi-square
for the qualitative data and analysis of variance for the quantitative
data. Chi—square summary table were developed by cross tabulating each
species with each location, site, and treatment. Raw frequencies and
percentages were determined for each tabulation to determine how each
species performed at a particular location and on a certain site and
t ratment.

An analysis of variance program was used to analyze the quantitative
data and then a T test was used to determine significant differences at

the .01 and .05 level. The following formula was used:

ixl—xz

>t s (1/n, + 1/n,)

Levels of significance were calculated for each species across each
location, across each treatment, for sites within locations, treatments

within locations, and treatments within sites within locations.
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Precipitation and Soil Information

Weighing rain gauges were constructed in October 1972 out of steel
pipe with an inside diameter of 20.3 cm. The rain gauges placed at the
lower elevations were 0.9 m tall, while the gauges placed at the higher
elevations were 1.2 m tall. Each gauge was set up by adding .23 liter
of water, .23 liter of oil and .94 liter of antifreeze to prevent evapor-
ation and freezing during the year. Each gauge was then weighed period-
ically during the summer and winter to determine centimeters of precipita-
tion. These gauges were not as accurate as a standard rain gauge, but
they did give a good representation of the precipitation in each area.

Along with the other information collected, a soil survey was
conducted at each location by the Soil Conservation Service in Meeker,
Colorado. The morphology of each soil was described and then classified
according to tentative taxonomic units (Appendix, Table 4). This
information has been useful in explaining some of the differences which

existed in the vegetation composition and growth on different sites.
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RESULTS AND DISCUSSION

Each plot will be described in detail with respect to geographic
location, precipitation, native vegetation, soil characteristics, and
species evaluation. Species evaluation will receive the most emphasis
and will include a narrative description of the best species along with

summary tables of the data collected in 1973 and 1974.

Mid Elevation Sagebrush Location

Description of Location

The sagebrush location which is situated at an elevation of 1,988 m
is located on the southwestern portion of the 84 Mesa just east of the
C-a federal lease site. The legal description is: T. 1S., R. 98W.,

Sec. 19, SWY, SWi, NWk.

The average annual precipitation for this location varies from 33 cm
to 38 cm. Approximately 41.9 cm were received at this location during a
14 month period in 1972 and 1973 (Apbendix, Table 5). It is important
to keep in mind that the rain gauges that were used were not stanq;rd
rain gaugec. Therefore, it is believed that anywhere from 10 to 40
percent of the precipitation could have been missed due to wind action
and other physical effects.

The natural vegetation was dominated by big sagebrush with Douglas
rabbitbrush, shadscale, fringed sage, winterfat and greaseWwood as common
shrub components. Indian ricegrass, needle—and-thread, western wheatgrass,

beardless wheatgrass, Junegrass, squirreltail, and cheatgrass occur
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throughout the understory. Forb species that were recorded during
sampling procedures included scarlet globemallow, wildbuckwheat,
milkvetch, phlox, nodding onicn, cryptantha, goldenweed and townsendia.

Within the sagebrush location there were two distinct aspects
that were seeded. The first aspect was west facing with a 4 to 1 slope
(Figure 7). The soil on this exposure was calcareous with the A-11
horizon having a field determined pH of 8.4 and the CR horizom having
a pH of 9.4 (Appendix, Table 4). The A-1l horizon was a gravelly
fine sandy loam with a platy surface crust one to two cm thick. The
C-1 horizon was a weathered channery sandstone with lime coatings on
the underside, turning into loamy sand. The natural vegetation on the
west slope was sparce with the ground cover being approximately 41
percent. The dominant species on this aspect were Indian ricegrass,
needle-and-thread, western wheatgrass, goldenweed, wildbuckwheat, big
sagebrush, and winterfat. Of this 41 percent, western wheatgrass
constituted approximately 8 percent of the ground cover, Indian rice-
grass 5, goldenweed 5, big sagebrush 4, needle-and-thread 4, wildbuck-
wheat 3, and winterfat 2 percent of the canopy cover.

The second exposure was a level terrain (less than 5 percent)
lying adjacent and directly east of the west aspect (Figure 8). This
site was moister than the west aspect and had a deeper and less calcar-
eous soil. The A-11 horizon was a loam with the surface crusted with
moderate coarse platy structure and had a field determined pH of 8.0.
The C-1lca horizon was a strongly calcareous heavy loam with a pH of 9.4
and the CR horizon was a weathered sandstone with a pH of 9.2.

The ground cover on the level exposure was approximately 60 percent.

The dominant species were big sagebrush, displayimg 22 percent of the
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Figure 7. Sagebrush Location, 4 to 1 west facing slope.

Figure 8. Sagebrush Location, level sloping site.
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ground cover, cheatgrass 12, scarlet globemallow 5, phlox 4, needle-
and-thread 3, western wheatgrass 3, and Junegrass 2 percent canopy

cover.
Species Evaluation

Of the 66 species seeded during 1972 at the sagebrush location,
there were 25 grasses, 18 forbs, and 23 browse. According to chi-
square summary tables the grasses had the largest number of species

which showed good to excellent emergence and survival,
Grasses

During the 1974 growing season, eleven grasses showed good
to excellent emergence and survival 20 months after seeding. The
same eleven species also displayed good to excellent emergence
eight months after seeding took place (Table 1),

Nordan crested wheatgrass which is a long-lived perennial

bunchgrass introduced from Siberia has been a highly palatable and
nutritious species to all classes of livestock (Figure 9). This
species has shown significantly better emergence (P<.01l) on the level
more favorable area than on the dryer west facing aspect (Appendix,
Table 16). Although the emergence of this species was different, the
survival of the plant was the same on both sites and both treatments
during the second growing season (Table 1).

Critana thickspike wheatgrass is a perennial grass with extensive

creeping underground rootstocks. It 1s native to Colorado and
furnishes fair forage for all classes of livestock. This wheatgrass
has also shown significantly better emergence (P<.0l) on the favorable

gite compared to the unfavorable west aspect.



Teble 1., Summary table for the adaptadility of the bust gramnes, forbs and browse seeded on two different sspects at

the sagebrush location.

Data collected tn 1973 und 1974,

Species

Ad.pcnbllliypzh different  Adaptability on different

Remarks

Grasses

Kordan crescted wheatgrasa

Critana thickspike vheatgrasa

Jose tall wheatgrass
Amur intermediate wheatgrass
Oahe intermediate wheatgrass

Sodar streawbank vheatgrass
Siberian wvheatgrass

Luna pubescent wheitgrass
Mountain brome

Regar wesdow brome
Green necdlegrass

Forbs

Madrid yellow sweetclover

Bouncing-bet

Utah swectvetch
Levis flax

Rhizoma alfalfa

Rocky Mountain penstemon

bunchgrass, introduced, highly
palatable and nutritious

sod-former, native, fair forage
for livestock

bunchgrass, introduced, salt-
tolerant

sod-former, introduced, highly
palatable

sod-forver, introduced, highly
palatable

sod-former, native, unpalatable
bunchgrass, introduced

sod~former, introduced, very pro-
ductive on severe sites

bunchgrasa, native, short-
l1ived perennial

bunchgrass, iantroduced

bunchgrass, native, good forage
value

tapid groving biennisl,
introduced

introduced, thizomatous

natfve lepuce, produces
sbundant forage

nAtIvé. grows on wvell dratned
sotls

introduced legume, rhirvmatous

sative, prod forage value
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Table 1 Continued.

X973 baga 0 9% Dara_
Adaptability on different  Adaptability on ditfereat
aspects* aspectate
Spectles Tevel slope West slope Level slope WNest slope Remarks
Browse
Yellowbrush 1 1 4 3 native, used lightly by
livestock and big game
Stansbury cliffrose 1 1 3 3 native, broad-leaved evergreen,
grows well on severe sites
Green ephedra 2 3 3 ] native, evergreen, moderate
to high palotabilicy
Winterfat 2 3 4 4 native, drought resistent,
highly palatable
Antelope bitterbrush 2 2 3 3 native, highly palatable

* Emergence ratings: O--none, l--poor, 2--fair, 3--good, 4--excellent,
*% Egergence and survial ratiangs: O--none, 1-~poor, 2--fatir, 3--good, &--excellent.
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Figure 9. Left to right: Rocky Mountain
penstemon, Nordan crested wheatgrass,
and Regar meadow brome at Sagebrush
Location.

Figure 10. Left to right: Jose tall wheat-

grass and Green needlegrass at
Sagebrush Location.
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Emergence and survival of the plant was similar on the two treat-
ments.

Jose tall wheatgrass is an ilmproved variety of tall wheatgrass

and has been a very vigorous quick growing grass during this study
period (Figure 10). This species is a perennial bunchgrass which
performed equally well on both favorable and unfavorable aspects
and on both the plowing and scraping. This species has also been
more palatable and more nutritious in late spring and early summer
than crested wheatgrass.

Amur and Oahe intermediate wheatgrass, like crested wheatgrass,

were Introduced from Russia and nearby countries from a climate similar
to Colorado's Mountain Browse and Pinyon-Juniper types. Intermediate
wheatgrass is a sod-forming grass which has shown excellent emergence
and survival at the sagebrush location.

Both varieties have shown similar emergence and survival at
this location (Table l1). Significant differences were not measured
between either sites or treatments. Oahe intermediate wheatgrass
has shown slightly better emergernce than Amur, but not at a statis-
tically significant level.

Sodar streambank wheatgrass, which is a native rhizomatous species,

has shown similar emergence on both treatments and sites. Survival
on the other hand was slightly better on the level terrain than on
the west aspect (Table 1). The level area had an average rating of
four, while the west aspect had an average rating of three. Survival
was also slightly better on the plowed treatment.

Siberian wheatgrass is another introduced species from Siberia.

This species is a bunchgrass and has demonstrated excellent emergence
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and survival at the sagebrush location. During emergence there was

a statistically significant difference (P<.05) between the plowed and
scraped treatments on the favorable aspect,

Plowing aided emergence, but these treatment differences disappeared
over time. Siberian wheatgrass has displayed excellent survival
throughout this location with little differences between treatments
and sites.

Luna pubescent wheatgrass like crested wheatgrass was introduced

from Russia and is similar to intermediate wheatgrass except its
seedheads and foliage have much more pubescence, and it is generally
a more vigorous sod-former (Plummer 1968). Pubescent wheatgrass is
less palatable than intermediate, but it is more productive and
persistent on severe sites. Luna pubescent wheatgrass was one of the
best grass speéies at the sagebrush location. It performed equally
well on both sites and on both treatments during emergence and
survival.

Mountain brome is a short-lived perennial bunchgrass that is

among the best forage grasses on the western ranges (Figure 10).

This species is common at higher elevations but is not expected to
survive very long at this location. Emergence was the same throughout
this location while survival was slightly better on the favorable

area and had a better stand of brome grass than did the west aspect
(Table 1). -

Regar Meadow brome is an introduced perennial bunchgrass that

has displayed similar emergence and survival throughout this location

(Figure 9).
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Figure 10. Mountain brome at Sagebrush
Location.

Figure 19. Utah sweetvetch at Sagebrush Location.
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Statistically this specles has performed the same on both the
plowing and scraping and on the favorable and unfavorable sites.
Regar meadow brome 1s also adapted to slightly higher elevations and
may be a short-lived species at the sagebrush location.

Green needlegrass is a native perennial bunchgrass sometimes

referred to as green porcupinegrass (Figure 9), Green needlegrass
is regarded as having good forage, being one of the first grasses of
its association to start spring growth and remaining green until late
in the season, thus supplying succulent forage over a long period.

It performed excellently on both the plowing and scraping and on the
favorable and unfavorable aspects without any significant difference.
This species 1s native to lower elevations up to 2745 meters and

therefore should continue to do well at the sagebrush location.

Forbs

The forb and legume species planted at the sagebrush location
did not perform as well as the grasses. Only two species showed good
to excellent emergence in 1973, while four species displayed good
to excellent emergence and survival in 1974 (Table 1).

Madrid yellow sweetclover is a rapid growing, deep rooted biennial

that grows and maintains itself best on disturbed areas (Plummer 1968).
Madrid yellow sweetclover produces considerable palatable forage for
big game through the first two years after seeding. 1Its continued
occurrence then depends on whether seed has matured and shattered.

This species had good emergence in 1973, but declined slightly during
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the next year (Table 1). It performed equally well under all conditions
in 1973, but displayed a lower survival rate on the scraped treatment
in 1974,

Bouncing-bet, introduced from Caucasia has underground spreaders
and 1s especially useful for stabilizing eroding sites on the Mountain
Browse and Pinyon-Juniper vegetation types (Plummer 1968). This species
is also preferred by deer because of its heavy seed clusters and con-
siderable green growth. Bouncing-bet had good to excellent emergence
in 1973 within the entire locaticn, Survival in 1974 was excellent on
the favorable area, but only fair on the west aspect (Table 1).

Utah sweetvetch is a native legume which produces abundant forage

that is highly palatable to big game and domestic livestock (Figure 11).
This species occurs widely throughout the Pinyon~Juniper, Mountain Browse
and Sagebrush vegetation types. Utah sweetvetch performed equally well
on both the plowing and scraping and on both sites. Emergence during
1973 was rated as fair to good, while emergence and survival in 1974
were rated as good (Table 1).

Lewis flax, a native forb, gron on well drained soils in almost
all vegetation types in the Piceance Basin (Figure 12). It produces
abundant stems, flowers and seeds which are sought by both big game
and game birds. Lewis flax has shown poor emergence during the first
growing season and good to excellent cmergence and survival during
the second growing season (Table 1). It performed somewhat better on
the level slope than on the west slope, while the two treatments were similar.

Rhizoma alfalfa is an introduced legume which is well adapted for

seeding on disturbed lands. Its underground stems are useful in
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Figure 12. ZLewis flax at Sagebrush Location.

Figure 13. Yellowbrush at Sagebrush Location.
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stabllizing eroding sites and producing rapid ground cover. Emergence
has been slow on the west aspect, while survival has been good on both
aspects with the level area displaying a slight advantage (Table ).
No significant differences existed between sites or treatments.

Rocky Mountain penstemon is a native perennial which is found

primarily in the Pinyon-Juniper and Mountain Browse vegetation types
(Figure 13). 1Its leaves remain green throughout the winter and pro-
vide good forage for big game species when it has not been covered
by snow. This species has shown consistently better emergence and
survival on the level more favorable area compared to the west slope
(Table 1). Statistically there was a significant difference (P<.05)

between sites, but not between treatments in 1973.
Browse

The browse plants were the slowest species to emerge at the‘sage—
brush location. Only five speclies displayed good to excellent emergence
and survival during 1974 (Table 1). A few species showed fair
emergence in 1973, but only green‘ephedra and winterfat were rated as
being good on only two replications. The low emergence rating is due
primarily to the poor quality of seed in some instances and the
effects of dormancy in others. Low seedling emergence is also a
direct result of the loss of seed to birds and rodents during the
fall and winter after seeding.

Yellowbrush is a low woody-based native perennial, belonging to

the rabbitbrush (Chrysothamnus) genus of the aster family (Compositae)

(Figure 13). This species increases in abundance as more palatable

species are depleted by overgrazing. It is grazed lightly by cattle
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and sheep in early spring and moderately by cattle, sheep and horses
in the late fall. Deer browse it lightly both summer and winter and
elk eat it in the winter (U.S. Forest Service 1937).

Yellowbrush showed excellent emergence and survival in 1974. It
performed equally well on the two treatments within the favorable
area, but performed better on the plowed treatment on the west aspect
than on the scraped treatment.

Stansbury cliffrose is a native broadleaved evergreen that often

grows as tall as six meters, even on severe sites (Plummer 1968). It
hybridizes readily with antelope and desert bitterbrush and is an
excellent browse species on winter ranges. Cliffrose is a common
speclies in big sagebrush types in Utah and grows fairly rapidly and
naturally increases well on raw soils.

Stansbury cliffrose was rated good with respect to emergence
and survival in 1974. Qualitatively it did not perform any differently
on the west aspect, but it did show a slight difference in replication
2 on the favorable aspect. Plowing and scraping supported similar
results throughout the location.’ This species should be well suited
for developing a good cover on roadcuts and other exposed areas.

Green ephedra is an evergreen, native to the Piceance Basin,

that varies in height from 50 cm to 1 m. Ephedra is a geologically
ancient genus which inhabits dry open sites in valleys and hillsides,
principally in the Sagebrush and Pinyon-Juniper zones. Green ephedra
is moderately palatable to all classes of domestic livestock as well
as deer. It is slightly grazed on the summer range, but on the winter
range, where it chiefly occurs, the younger stems are eaten with

relish (U.S. Forest Service 1937).
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Figure 14. Winterfat at Sagebrush Location.

Figure 15. Antelope bitterbrush at Sagebrush Location.
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Green ephedra was one of the fastest browse species to emerge and
has shown good survival in 1974. It performed better on the west
aspect in both 1973 and 1974 (Table 1). This species is well adapted
to the Sagebrush vegetation type and should perform well in future
rehabilitation programs. No significant differences were recorded
during the first growing season.

Winterfat is a native low stature shrub which is grazed by all
classes of livestock as well as by deer and elk (Figure 14). It is
remarkably resistant to drought because of its deep taproot and
numerous extensive lateral roots (U.S. Forest Service 1937). Winter-
fat is established easily and grows well on calcareous soils in the
Salt-Desert Shrub, Sagebrush, Pinyon-Juniper and Mountain Browse
vegetation types.

Winterfat showed the best growth and survival of all the browse
species seeded at this location. It performed well throughout the
lcoation, showing no difference between sites or treatments. It is
highly recommended for revegetation work because of its high forage
value, quick growth, and drought‘resistant characteristics.

Antelope bitterbrush, a native shrub, is found principally on

well drained soils in the Sagebrush, Pinyon-Juniper and Mountain
Browse vegetation types (Figure 15). The palatability of bitterbrush
i8 usually good to excellent, and it is highly preferred by both
cattle and sheep and big game species.

Antelope bitterbrush was rated good on both the favorable and
unfavorable sites within the sagebrush location in 1974 (Table 1).
Emergence in 1973 was slow, but one year later the species showed
good emergence, growth and survival. Significant differences in

treatments or sites were not recorded in 1973,
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Selected Species

Preliminary results have shown that the above species would be
the best and most productive species to seed on disturbed areas
in the Sagebrush vegetation type within the Piceance Basin. Depending
on how the land would be used after reclamation, a mixture of the
best grasses, forbs and browse would provide abundant forage for
domestic livestock and big game species, and also establish good
ground cover to stabilize eroding soils.

If the reclaimed land in the Piceance Basin were used strictly
for domestic livestock grazing or agricultural purposes the use of
introduced and native species may be the way to ascertain this goal.
On the other hand, if public demand is oriented more towards a
natural condition, the use of only native species would be the
answer.

The native grasses that have been recommended at this locatiom
included Critana thickspike wheatgrass, Sodar streambank wheatgrass,
mountain brome, and green needlegrass. Native forbs and legumes
which had superior emergence and survival during the second growing
season included Utah sweetvetch, Lewis flax and Rocky Mountain
penstemon. Finally, the native browse species that have been
recommended for the Big Sagebrush vegetation type included yellow-
brush, Stansbury cliffrose, green ephedra, winterfat, and antelope
bitterbrush. These species all had good to excellent emergence and
survival during the second groﬁing season and would be recommended

for revegetation work in this vegetation zone.
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Low Elevation Pinyon~Juniper Location
Description of Location

The low elevation pinyon-juniper location is situated at an elevation
elevation of 1,952 meters along the Yellow Creek jeep trail, west of
Piceance Creek. The legal description is: T. IN., R. 97W., Sec. 20,
NE%, SE%, SEX.

The average annual precipiation for this location will again
vary from 33 cm to 43 cm. Approximately 49 cm were received here
during a period of 14 months in 1972 and 1973 (Appendix, Table 5).
This was an unusually high amount of precipitation and one must
also take into consideration extremes occurring in the other direction
also.

The natural vegetation was dominated by pinyon pine and Utah
juniper, with the understory composed primarily of western wheatgrass,
Indian ricegrass, aster, goldenweed, phlox, Lewis flax, evening
primrose, winterfat, mountain mahogany, serviceberry, Douglas
rabbitbrush, and snowberry.

The low elevation pinyon-juniper location was composed of three
separate aspects or expressions. The first aspect was a 3 to 1 south
facing slope with approximately 18 percent ground cover (Figure 16).
The second aspect was a 4 to 1 north facing siope (Figure 17) and
the third was the rounded ridge top lying between the north and south
aspects (Figure 18). The soil was similar throughout the location
with the A-1 horizon being zero to three cm thick and composed of
a channery loam with a field determined pH of 8.6. The C-1 horizon

was a channery silt loam with a pH of 8.8, while the CR level was a
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Figure 16. Low Elevation Pinyon-Juniper Locatiom,
3 to 1 south facing slope.

Figure 17. Low Elevation Pinyon-Juniper Location,
4 to 1 north facing slope.
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Figure 18. Low Elevation Pinyon-Juniper Location,
ridge top.

Figure 19, Left to right: Durar hard fescue, Amur
intermediate wheatgrass, Critana thickspike
wheatgrass, and Oahe intermediate wheatgrass
at Low Elevation Pinyon~Juniper Location.
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fractured and weathered platy shale rock. The R horizon was a solid
platy shale bedrock (Appendix, Table 4).

The canopy cover of the native vegetation on the south exposure
was approximately 18 percent. The vegetation was dominated by Utah
Juniper, mountain mahogany, winterfat, western wheatgrass, Indian
ricegrass, rock aster, small flower aster, phiox, and goldenweed.

Utah juniper composed 3 percent of the canopy cover, mountain mahogany
2, winterfat 2, western wheatgrass 2, Indian ricegrass 2, rock aster
2, smallflower aster 1, phlox 1, and goldenweed 1 percent.

The native vegetation on the north exposure had a ground cover
of 30 percent. The dominant species were pinyon pine, with 11 percent
cover, serviceberry 3, mountain mahogany 2, western wheatgrass 2,
rock aster 3, evening primrose 3, goldenweed 2, phlex 2, and white
buckwheat 1 percent.

Finally the ridge top had approximately 28 percent canopy cover
with the dominant species being pinyon pine, with 8 percent ground
cover. Other important species were mountain mahogazmy 4 percent,
winterfat 2, Utah juniper 1, western wheatgrass 1, Indian ricegrass

1, rock aster 6, goldenweed 1, and phlox 1 percent.
Species Evaluation

There were 54 specles seeded at the low elevatian pinyon-juniper
location in October 1973. Of these 54 species, nine grasses, eight
forbé and legumes, and three browse species displayedl good to excellent
emergence and survival during the second growing season. In 1973,
eight grasses and three forbs showed good to excellemt emergence

during the first growing season (Table 2).
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Table 2, Summary table for the adaptability of the heat prasscs, forbs and browse scoded on three different aspects at

the low elcevation playou-juniper location.

Data collrcted in 1973 and 1974,

Spectes

Aduptabilicy on differcnt

Crasses

Kordan crested vheatgrass

Critana thickspike vheatgrass

Amutr {nteraediste vheatgrass

Oahe intermediate vhcatgrass

Sodar streambank wheatgrass

Rosana western wheatgrass

Luna pubescent wheatgrass

Regar weadow brome

Green needlegrass

Yorbe

Peangiflt crowmvetch

Utah sweetvetch

Levis flax

Rhizoma alfalfa

Raobler alfalfa

Madrid yellow sweetclover

Small burnet

1974 Daea
Adaptadllity on diftcreat
agpeotats
North Ridye South
slope top sjope Renarke
3 4 2 bunchgrass, introduced, highly
pslatable and nutritious
4 3 2 sod-forwer, native, fair forage
for livestock
] [} 3 sod-former, introduced, highly
palatable
4 L] 3 sod-former, introduced, highly
palatable
3 A [ sod-former, native, unpalatable
3 3 3 sod-former, native, salt-tolerant,
good forage
4 4 4 sod-former, Introduced, very pro-
ductive on severe sites
4 4 [ bunchgrass, introduced
3 4 3 dunchgrass, native, good forage
value
4 4 3 unative, legume
4 4 4 native, legume, produces
abundant forage
4 4 2  wmative, grovs on well drained
soils
3 4 ) iatroduced, legume, rhizomatous
4 4 3 fmtroduced, legume, rhizomatous
3 3 3 vepid growing bLiecnnial,
introduced
4 & 2 fatvoduced, low growing, life

expectency 7 to 12 years
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Table 2 Conttnued.

_1973 Pata 1974 Dara
Adaptability on different  Adopradility ou dil{ferent
aspects?® aspect st
Noteh Ridge South Borth Ridge South -
Specles slope top slope slope top slope Reuvarks
Arrowlcsafl balsearcot 3 3 2 4 3 4 mative, highly productive
Browse
Yellowbrush ] 1 [} 3 3 2 oative, used lightly by
Iivestock and big pame
Winterfat 3 cee 1 3 vee [] sative, drought Tesistent,
aighly palatable
Crcen ephedra 3 3 2 & & 2 mstive, evergreen, moderate

to high palatabilicy

¢ Pmcrgence ratings: O--none, l--poor, 2--fair, 3--good, 4--excelleat.
#*% Emergence snd survival ratinga: O--none, l--pootr, 2-~fair, j3--good, A--excellent.

«eo« nOt seeded on this aspect because of a lack of adequate space.
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Grasses

Nordan crested wheatgrass performed well at this location. In

1973 it was rated excellent on the north exposure and the ridge top
and had a fair emergence rating on the south exposure. Wheatgrass

was significantly poorer (P<.0l1) on the south exposure than on the
north exposure and on the south exposure compared to the ridge top.
The treatments, on the other hand, showed no significant difference.
Survival ratings were taken in 1974 and similar results were recorded
again. Nordan crested wheatgrass had shown good survival on the north
aspect, excellent survival on the ridge top, but only fair survival

on the south exposure (Table 2).

Critana thickspike wheatgrass was very similar to Nordan crested

wheatgrass in its emergence and survival (Figure 19). It had good
emergence and survival on the north aspect and the ridge top, but
only fair emergence and survival on the south slope (Table 2). Again
there was a significant difference (P<.05) between sites in 1973,

but not between treatments.

Amur intermediate wheatgrass had excellent emergence and survival

(Table 2, Figure 19). As with the previous species it performed
better on the two more favorable aspects than on the less favorable
dryer south aspect. Although there was a difference, it was not
statistically significant. Survival was excellent on the north
aspect and on the ridge top. The south exposure had good but not
excellent survival, and the treatments were similar on all sites.

Oahe intermediate wheatgrass has done slightly better than Amur

intermediate wheatgrass in both emergence and survival (Figure 19).
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The results for both species were very similar on all sites and both
treatments (Table 2), Both species have shown a great deal of promise
for future rehabilitation work in this vegetation type.

Sodar streambank wheatgrass demonstrated good emergence in 1973

and good to excellent emergence and survival in 1974. It did as

well on the south aspect as it did on the two more favorable expressions
in 1974. During the first growing season, however, it performed
significantly better (P<.0l) on the north aspect and ridge top than

on the south aspect No significant difference was recorded between
-treatment.

Rosana western wheatgrass is a sod-forming perennial found

throughout the western states. It is somewhat salt tolerant and is
a good forage for livestock and big game animals. This variety
indicated significantly better emergence (P<.0l) on the north aspect
and ridge top than on the south aspect in June 1973,

In 1974 there was consistent emergence and survival throughout
the location (Table 2). Rosana western wheatgrass has shown good
success with no measureable difference between plowing and scraping.

Luna pubescent wheatgrass was the best grass species at this

location (Figure 20). It consistently had excellent ratings for
emergence and survival (Table 2). It performed no differently on
either treatment or on any of the three sites.

Regar meadow brome, like Luna pubescent wheatgrass, also demon-

strated excellent emergence and survival throughout the low elevation
pinyon-juniper location. No significant differences were recorded
in 1973 between treatments or among sites.

Green needlegrass did not do as well as some of the introduced

species, but it did maintain good emergence and survival in 1973
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Figure 20. Left to right: Lewis flax and
Luna pubescent wheatgrass at Low
Elevation Pinyon-Juniper Location.

Figure 21. Left to right: Jose tall wheatgrass
and Green needlegrass at Low Elevation
Pinyon-Juniper Location.
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and 1974 (Table 2, Figure 21). It had significantly better emergence
(P<.01) and slightly better survival on the ridge top and north aspect
than it did on the south aspect. Plowing and scraping showed some

difference, but they were not significantly different.
Forbs

The forb and legume species did exceptionally well at the low
elevation pinyon-juniper location. 1In 1973, three species had
to excellent emérgence. In 1974, eight species displayed good to
excellent emergence and survival (Table 2).

Penngift crownvetch is a native legume found in many western

stages (Figure 22). It showed good to excellent emergence and

survival in 1973 and 1974. During emergence it showed a significant
difference (P<.05) between sites, with the ridge top and north

exposures displaying the best emergence. Plowing and scraping, however,
were similar throughout the location. Emergence and survival in 1974
were a little more consistent, with the south exposure changing from
fair to good (Table 2).

Utah sweetvetch was an excellent species at this location. Of

all the forbs it performed the best. Emergence and survival in 1973
and 1974 were consistent throughout the plot with excellent ratings
on all sites and treatments. Since Utah sweetvetch is a native plant
to the pinyon—juniper areas in Utah, it should be a well adapted
species for revegetation purposes at this location.

Lewis flax was one of the slower species to emerge during the

first growing season (Figure 20). But in the second growing season
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Figure 22. Penngift crownvetch at Low Elevation Pinyon-
Juniper Location.

Figure 23, Madrid yellow sweetclover at Low
Elevation Pinyon~Juniper Location.
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it progressed quickly and demonstrated fair emergence and survival on
the south exposure and good to excellent emergence and survival on
the remaining sites (Table 2). There were differences in the treat-
ments, but neither plowing or scraping was significantly better than
the other in 1973.

Rhizoma alfalfa had fair emergence in 1973, but good to excellent

emergence and survival in 1974 (Table 2). There was a significant
difference (P<.05) between sites in 1973. In 1974 Rhizoma alfalfa
showed slightly. better emergence and survival on the plowed treatment
and on the ridge top and north exposure, but the difference was very
minimal.

Rambler alfalfa is an introduced legume very similar to Rhizoma.

It produces a larger crown and an elaborate root system with under-
ground stems. Rambler alfalfa had better initial emergence than
Rhizoma, but both varieties displayed nearly identical results during
the second growing season. During the first growing season there

was a significant difference (P<.05) in sites but mt between treat-
ments. ‘

Madrid yellow sweetclover emerged quickly during the first

growing season and was rated good to excellent (Table 2, Figure 23).
There was a significant difference (P<.0l) between sites at this
time, but not between treatments. During the second growing season
it had good emergence and survival, with more consistency throughout
the location. Madrid yellow sweetclover would be recommended here
primarily for its quick growth which is needed for stabilizing highly
erodable soils.

Small burnet is a low-growing forb introduced from Spain from

sites similar to the Pinyon-Juniper vegetation types (Figure 24).
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Figure 24. Small burnet at Low Elevation
Pinyon~Juniper Location.

Figure 25. Winterfat at Low Elevation Pinyon-Juniper
Location.
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It becomes established quickly and has a life expectancy of seven
to 12 years. Its seed is highly desired by rodents and the plant
also provides good forage for game animals in late winter and early
spring.

Small burnet was an exceptionally good species on the ridge top
and north exposure during the first and second growing seasons
(Table 2 ). But it had only poor to fair emergence and survival on the
south exposure. Statistically it showed differences (P<.05) in
sites in 1973, but no difference in treatments.

Arrowleaf balsamroot, a native forb, is found primarily in the

High Elevation Pinyon-Juniper and Mountain Browse vegetation types
throughout the Piceance Basin. Big game species are attracted to its
succulent foliage in early spring and its seedheads in summer.
Arrowleaf balsamroot provided fair to good emergence during the
first growing season, with the ridge top and north aspect showing
the best emergence (Table 2). During the second growing season
arrowleaf displayed good to excellent emergence and survival, with
the south aspect dominating the ridge top (Table 2). Significant

differences between treatments or among sites were not recorded.

Browse

On a wvhole the browse plants did not fair well at this location.
Only three specles showed good to excellent emergence and survival
in 1974 (Table 2). Browse seed was slower to emerge due to dormancy,
a lack of water near the soll surface, and a loss of seed to birds

and rodents.
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Yellowbrush had very poor emergence throughout the plot during
the first growing sea;on (Table 2). TIn 1974 it showed good emergence
throughout the location with the south exposure being slightly
surpassed by the other two aspects (Table 2)., Statistically there
were no differences between site or treatments.

Winterfat was seeded only on the north and south aspects due
to a lack of adequate space on the ridge top (Figure 25). This
species showed poor emergence during the first growing season
(Table 2), but good to excellent emergence and survival during the
second growing season. Winterfat is a highly preferred species by
all large herbivores and will be an exceptionally good species for
this location.

Green ephedra was the only other browse species which had

good ratings at the low elevation pinyon-juniper location (Figure
26). It had fair to good emergence during the first growing season
and fair to excellent emergence and survival during the second
growing season (Table 2). The ridge top and north exposure exceeded
the south exposure in emergence and survival in both years, but no

significant difference was recorded between sites or treatments.
Selected Speciles

At the low elevation pinyon-juniper location the forb species
excelled almost as well as the grasses did. The browse species
have been much sloﬁer, but have performed well considering the soil
texture, low soil water and steep slopes found at this location.
The native browse specles that had the best emergence and survival

during the second growing season included yellowbrush, green ephedra
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Figure 26, Green ephedra at low Elevation Pinyon-
Juniper Location.
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and winterfat. Other native browse species such as true mountain
mahogany, black sagebrush, big sagebrush, shadscale saltbush, and
skunkbush sumac have just begun to emerge and may very well be
promising species for future revegetation programs.

The native forb species which performed well during the second
growing season were Penngift crownvetch, Utah sweetvetch, Lewis
flax, and arrowleaf balsamroot. Native grasses which were found
to be superior during this study period were Critana thickspike
wheatgrass, Sodar streambank wheatgrass, Rosana western wheatgrass,
and green needlegrass.

Of the 19 species described in the narrative, 12 of them are
native to either the Piceance Basin or the western states. All
19 species are well adapted to this vegetation type and are highly
recommended at this time for revegetation of surface disturbances

in this vegetation type.

High Elevation Pinyon-Juniper Location

Description of Location

The high elevation pinyon-juniper location is located on the
western boundary of the C-b federal lease site. At an elevation of
2,123 meters it is situated in the upper portions of the Pinyon-
Juniper vegetation type.

In 1967 this area was chained by the Bureau of Land Management
and was seeded to crested wheatgrass. The legal description of this

location is: T. 3S., R. 97W., Sec. 13, NE%, SE%, NE4.



57

The average annual precipitation for this area will vary from
35 cm to 45 cm. Approximately 44.8 cm were received during a 14
month period in 1972 and 1973 (Appendix, Table 5), - Approximately
28 of these 44.8 cm were in form of snow.

The native vegetation was composed primarily of antelope
bitterbrush, snowberry, big rabbitbrush, big sagebrush, mountain
mahogany, broom snakeweed, goldenweed, false yarrow, scarlet globe-
mallow, bladderpod, stickseed, mustard, lambsquarters, hawksbeard,
western wheatgrass, Indian ricegrass, sheep fescue, foxtail barley,
squirreltail, cheatgrass, and crested wheatgrass.

The high elevation pinyon-juniper location included two aspects
in its experimental design. The first expression was a 4 to 1
south facing slope and the second exposure was a gentle sloping
north to northwest aspect (Figures 27 and 28). The soil on the
two expressions was similar, with the A-11 horizon being a noncal-
careous light loam with a field determined pH of 8.4. The A-12
horizon was a weakly calcareous light loam with a pH of 8.6, while
the C-2ca horizon was a very fine‘sandy loam also with a pH of 8.6.
The CR horizon was a lime coated weathered and fractured sandstone
and the residual layer was a somewhat fractured sandstone bedrock
(Appendix, Table 4).

The northwest aspect had a native canopy cover of approximately
46 percent. Western wheatgrass was the most dominant species with
a ground cover of 12 percent. Other important specles were antelope
bitterbrush 8, snowberry 3, big rabbitbrush 3, goldenweed 4, false
yarrow 2, hawksbeard 1, scarlet globemallow 1, Indian ricegrass 4,
sheep fescue 3, crested wheatgrass 1, and squirreltail 1 percent

canopy cover.
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Figure 27.

High Elevation Pinyon-Juniper Location,
4 to 1 south facing slope.

High Elevation Pinyon-Juniper Location,
northwest aspect.
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Turning to the south aspect, the natural canopy cover here was
also 46 percent. The dominant species at this aspect were cheatgrass
at 7 percent, foxtail barley 6, Indian ricegrass 5, western wheatgrass
5, squirreltail 1, sheep fescue 1, mustard 4, lambsquarters 3,
bladderpod 2, stickseed 2, antelope bitterbrush 3, big sagebrush 3,

and mountain mahogany 1 percent ground cover.
Species Evaluation

Of the 66 species seeded at the high elevation pinyon-juniper
location, 25 were grasses, 19 were forbs and legumes, and 22 were
browse. During the second growing season, 12 grasses, eight forbs,
and four browse species showed good to excellent emergence and

survival (Table 3).
Grasses

Nordan crested wheatgrass demonstrated good to excellent

emergence and survival during the second growing season at this
location (Table 3). Im 1973 it pérformed better on the northwest
aspect than on the south exposure, but there were no significant
differences between sites or treatments. In 1974 it again performed
better on the northwest aspect and plowing supported better emergence
and survival on both aspects.

Critana thickspike wheatgrass had good emergence and survival

at this location in 1974 (Table 3). It showed conslistent ratings
throughout the location in 1973 with no significant differences

between sites or treatments.
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'nblc39 Swmmary table for the adaptability of the best grasses, forbsa and brovae seeded on two different aspecta at
the high elevation pluyon-juniper location. Data collected tn 1973 and 1974,

1923 Data 1974 _Data
Adaptability on difterent  Adaptahility on different
sspecte? aspectat®
Northwest South Northwest South
Spccien slope slope slope slope Remarks
Crasses
Bordan crested wheatgrass 4 2 4 3 bunchprass, introduced, highly
palatable and nutrious
Critans thickspike vheatgrass 2 2 3 3 sod-former, native, fair forage
for livestock
Jose tall vheatgrass 3 2 4 3 bunchgrass, introduced, salt-
tolerant
Amur intermediste vheatgrass & 4 4 4 sod-former, introduced, highly
palatadle
Oahe intermediate wheatgrass & & [} 4 sod-former, introduced, highly
palatadble
Siberian wheatgrass 3 2 3 3 bunchgrass, intoduced
Rossna western wheatgrass 3 2 4 2 sod-former, native, salt-tolerant,
good forage

Luna pubescent vheatgrass

Mountain brome

Reger mesdov brome

Manchar brome

Creen needlegrass

Forbs

Penngift crovnvetch

Madrid yellow swcetclover

Sweetanise

Utah swcetvetch

Rhizoma slfaslfa

sod--former, introduced, very pro-
ductive on severe sites

bunchgrass, native, short-
1ived perennial

bunchgrass, introduced

sod-former, introduced, highly
palatsable

bunchgrass, native, good forage
value

native, legume

rapid growing biennial,
introduced

native, highly palatable,
important ranpe plant
pative, legume, produces

sbundant forage

tntroduced, legume
rhizomatous
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1973 Data __1974 baca
Adaptability on different  Adaptabilicy on different
aspects® aspectats
Northvest South Rorthwest South
Species slope slope slope slope Remarks

Palmer penstemon 3 4 4 4 native, short-lived perennial,
grovs well on disturbed sites

Rocky Mountain penstemon 4 4 4 4 aative, good forage

Bouncing-bet 4 4 3 3 fotroduced, rhizomatous

Gooseberry-leaf globemallow 2 2 3 4 lov growing nstive,
rhizomatous

Verbena 1 2 4 3 vative, bright showy
purple flowvers

Arrowleal balsanroot 4 & 4 4 nstive, highly productive

Browse

Cowmon bladdersenna 3 & 2 2 native, quick growing,
unpalatable

Creen ephedra 4 4 2 3 native, evergreen, noderate
to high palatability

Desert bitterbrush 3 3 3 2 natfve, evergreen highly
palatable

Yellowbrush 2 2 3 3 native, used lightly by
livestock and big game

Stansbury cliffrose 3 3 2 [ native, broad-leaved evergreen,
grows vell on severe sites

Black chokecherry 2 3 3 3 native, highly preferred specties
by big game sand game birds

Antelope bitterbrush 3 4 4 4 oatfve, highly palatable

* Emcrgence ratings:

4% Emergence and survival ratings:

O~-none, l~-paor, 2-~-faijr, 3--good, h-~excellent.

G--none, l~-poor, 2--fatr, J--good, 4--exccllent.
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Jose tall wheatgrass, during the first growing season had fair

to good emergence (Table 3, Figure 29). At this time it also had
significantly better emergence (P<.05) an the northwest aspect than
on the south aspect. During the second growing season, the emergence
and survival of Jose tall wheatgrass was good (Table 3). Again the
northwest exposure was slightly better. Plowing and scraping were
similar throughout the location.

Amur and Oahe intermediate wheatgrass both showed excellent

emergence in 1973 and excellent survival in 1974 (Table 3). Both
species faired equally well on both sites and on both treatments
(Figures 30 and 31).

Siberian wheatgrass demonstrated good emergence and survival

during the second growing season (Table 3). It had only fair
emergence during the first growing season, and performed slightly
better on the northwest aspect (Table 3). There were no significant
differences between sites or treatments during the first growing
season.

Rosana western wheatgrass performed better on the northwest

exposure during the first and second growing seasons (Table 3). It
displayed good emergence and survival in 1974 and fair to good
emergence in 1973. Statistically significant differences between
treatments and sites were not recorded in 1973.

Luna pubescent wheatgrass showed excellent emergence in 1973

(Table 3, Figure 32). It also performed well in 1974 (Table 3).

Luna pubescent wheatgrass displayed consistent emergence and survival
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Figure 29. Left to right: Green needlegrass and Jose
tall wheatgrass at High Elevation Pinyon-
Juniper Location.

Figure 30. Left to right: Rocky Mountain penstemon
and Amur intermediate wheatgrass at High
Elevation Pinyon-Juniper Location.
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Figure 31. Oghe intermediate wheatgrass at
High Elevation Pinyoun-Juniper
Location.

Figure 32. Luna pubescent wheatgrass at
High Elevation Pinyon-Juniper
Location.
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on all sites and all treatments throughout this location and has
been a highly recommended species for revegetation work.

Mountain brome was another species which displayed fair to

good emergence during the first growing season and good to excellent
emergence and survival during the second growing season (Table 3).
It performed better on the northwest exposure during both seasons,
but statistically the differences were not significant between sites

or treatments.

Regar meadow brome displayed consistent emergence in 1973 and

consistent emergence and survival in 1974. It was rated excellent
in both years on both sites and both treatments (Table 3).

Manchar brome was introduced in 1935 from Manchuria._ It is a

rhizomatous species which is highly palatable. Manchar brome has
been used extensively in revegetation programs, especially in
subalpine areas (Berg 1974; Quany 1974). In this research, Manchar
brome showed only fair emergence in 1973, but good emergence and
survival in 1974 (Table 3)-‘Its performance was very similar on
both exposures and treatments, thérefore no significant differences
were noted during the first growing season.

Green needlegrass was an outstanding species at this location

(Figure 29). It had an excellent rating on each site and on each
treatment during both growing seasons (Table 3)., It has been a well

adapted species at this vegetation zone.

Forbs

The forb and legume species also did well at the high elevation

pinyon-juniper location. During 1973 there were eight species that
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had good to excellent emergence. In 1974 there were again eight
species that were rated good to excellent (Table 3). Some species
continued from the first growing season with outstanding survival,
while others had lower levels of survival,

Penngift crownvetch showed excellent emergence during the first

growing season, but displayed only fair survival during the second
growing season (Table 3). Because of the very dry conditions which
persisted during the spring and summer of 1974, survival of this
species was lowered. Statistically there were no differences between
treatments or among sites.

Madrid yellow sweetclover displayed exceptional emergence during

the first growing season as did Penngift crownvetch (Table 3),
Emergence was consistent on all sites and all treatmentsAthroughout
the location. But due to the dryer conditions which existed, Madrid
vellow sweetclover was able to show only fair survival during the
second growing season (Table 3),

Sweetanise is by far one of the most important range plants in
the sweetroot (Osmorhiza) genus.. It is a native perennial which can
be found at elevations up to 3,050 meters. It is highly palatable
to all classes of livestock plus deer and elk. Uﬁfortunately,
sweetanise becomes dry and worthless after the first heavy frost
(U.S. Forest Service 1937).

This species showed outstanding emergeﬁce in 1973, but displayed
only fair survival in 1974 (Table 3). It did slightly better on
the south aspect in 1973, but no significant differences were recorded.
Further data will be necessary before this specles can be recommended

for revegetation purposes.



67

Utah sweetvetch was an exceptional legume at this location. 1t

displayed excellent emergence and survival in 1973 and 1974 (Table 3).
It performed equally well on both sites and on both treatments and
appeared to be well adapted to this vegetation type.

Rhizoma alfalfa had poor emergence in 1973, but displayed good

emergence and survival in 1974 (Table 3). Emergence was consistent
throughout the location with no significant differences between
sites or treatments.

Palmer penstemon is a short-lived perennial native forb at

elevations above 2,135 meters (Figure 33). This species does well
on disturbed areas and is sought after by big game species because
of its green forage throughout the winter.

Palmer penstemon performed well at this location. It had
good to excellent emergence in 1973 and excellent emergence and
survival in 1974 (Table 3). 1t did slightly better on the south
exposure, but statistically there were no differences between sites
or treatments in 1973.

Rocky Mountain penstemon had better emergence and survival than

Palmer penstemon (Figure 30). This species had exrellent emergence
during the first growing season and excellent emergence and survival
during the second growing season (Table 3). It performed equally
well throughout the location without any significamt differences.
Bouncing-bet displayed excellent emergence during the first
growing season (Table 3). It was rated good during the second growing
season, showing consistent emergence and survival throughout the
location. Statistically, no significant differences were recorded

during the first year of growth.



Figure 33.

68

Palmer penstemon at High Elevation
Juniper Locatiom.

Figure 34. Verbena at High Elevation

Pinyon-Juniper Location.
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Gooseberry-leaf globemallow is a species of globemallow very

similar to the native, scarlet globemallow. Gooseberry-leaf is a
rhizomatous low growing forb which has great potential for stabilizing
eroding soils. It also has bright orange blossoms that would be
useful for aesthetic purposes.

Gooseberry-leaf globemallow was very slow to emerge during the
first growing season (Table 3)., It developed quickly during the
second growing season and showed good to excellent emergence and
survival (Table 3). Statistically, it performed the same on both
sites and both treatments in 1973.

Verbena is a native perennial with bright showy purple flowers
(Figure 34). It 1s a low growing forb that would also be useful
for stabilizing eroding soils and beautifying certain areas such
as roadsides. Verbena had poor to falr emergence in 1973, but good
to excellent emergence and survival in 1974 (Table 3). Statistically
no significant differences were recorded during the first growing
season. It has grown well at this location and would be considered
a very promising species.

Arrowleaf balsamroot displayed excellent emergence in 1973 and

excellent survival in 1974, Statistically it performed the same
on the plowing and scraping on both the south aspect and the north-

west aspect during emergence.

Browse

Browse species were slower to emerge at this location as they
were at the two previous locations. 1In 1973 five species were

rated good to excellent. Of these five species, two species continued
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into 1974 with good to excellent survival, Two other species were
also added to this list during the second growing season (Table 3),

Common bladdersenna is a native browse species which grows

quickly and is easy to establish. This species is low in palatability,
but would be an important shrub for soil stabilization. Common
bladdersenna showed good to excellent emergence in 1973, performing
significantly better (P<.05) on the south aspect than on the north-
west aspecf; In 1974, it displayed fair survival,

with plowing being the better treatment on the northwest exposure

and scraping being the better treatment on the south exposure.

Green ephedra had outstanding emergence during the first growing

season. It performed equally well throughout the location (Table 3).
In 1974 it displayed only fair to good survival with the plowing
being better than the scraping on the northwest aspect and the

south exposure being slightly better than the northwest exposure

(Table 3)-

Desert bitterbrush is a winter evergreen very similar to Stans-
bury cliffrose. It grows primarily in the Pinyon-Juniper vegetation
types and is highly preferred by all kinds of grazimg animals
(Plummer 1968).

Desert bitterbrush had good emergence during the first growing
season, but displayed only fair to good survival during the second
growing season (Table 3). It performed slightly beiter on the
northwest exposure during the second growing season. Plowing and
scraping supported similar stands on both sites.

Yellowbrush was slow to emerge during the first part of 1973

(Table 3). By June 1974 it had displayed good emergence and
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survival throughout the location. It performed somewhat better on

the south aspect during the second season of growth. Statistically
it performed the same on the plowing and scraping on both the south
aspect and the northwest aspect during emergence.

Stansbury cliffrose displayed good emergence during the first

growing season, with the plowed treatment on the northwest exposure
being significantly better (P<.05) than the scraped.

During the second growing season survival was good, with the
south exposure being slightly better than the northwest exposure
(Table 3).

Black chokecherry is a native shrub found primarily in the High

Elevation Pinyon-Juniper and Mountain Browse vegetation types in

the basin. It has the ability to resprout from roots which has been
useful in erosion control. Black chokecherry is preferred by big
game animals and game birds.

Black chokecherry displayed fair to good emergence in 1973,
with the south exposure doihg better than the northwest exposure
(Table 3). Emergence and survival in 1974 were good with the
treatments and sites displaying similar results (Table 3).

Antelope bitterbrush displayed good to excellent emergence in

1973 with the south exposure performing slightly better than the
northwest aspect (Table 3). The treatments, however, were similar
on both sites. In 1974 this species showed excellent survival
throughout the location (Table 3). It is a well adapted species
for the High Elevation Pinyon-Juniper vegetation type and should

do well in rehabilitation programs.
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Other browse species such as true mountain mahogany, Russian

olive, green ephedra and winterfat would also have been promising
species at thils location in 1974. However, during the spring of
1974 these species were browsed heavily by mule deer. If it were
not for the browsing, these species would have also had good to

excellent ratings during the second year.
Selected Species

Preliminary results indicate that the 24 species discussed
above, which demonstrated good to excellent emergence and survival
during the second growing season, would be the species recommended
for rehabilitation in this vegetation type. Of course, further
information needs to be collected in subsequent years to determine
if these specles will continue to survive and if other species should
show improvement.

The native species which displayed the best emergence and
survival during the second growing season included Critana thickspike
wheatgrass, Rosana western wheatgrass, Mountain brome, green needle-
grass, Utah sweetvetch, Palmer peunstemon, Rocky Mountain penstemon,
Gooseberry-leaf globemallow, verbena, arrowleaf balsamroot, yellow-
brush, Stansbury cliffrose, black chokecherry, and antelope bitter-
brush. A seeding mixture of these native species would be recommended
in order to establish a diverse self supporting plant community which
would reduce soil erosion and provide habitats for domestic and

wild herbivores.
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Mountain Browse Location
Description of Location

The mountain browse location 1s located north of the C-b
federal lease site between Stewart and Scandard gulches. Being
situated at approximately 2,440 meters, this vegetation zones lies
just above the High Elevation Pinyon-Juniper Woodland and just below
the Aspen and Douglas Fir vegetation types. The legal description
of this location is: T. 4S., R. 97W., Sec. 14, NE%, NE%, NWi.

During the period of October 23, 1972 until September 19, 1973
the mountain browse location received approximately 44.8 cm of
precipitation (Appendix, Table 4). The average annual precipitation
for tﬁis area is between 45 cm and 55 cm. If 5 cm of precipitation
were received 1in October 1973, then the annual total would have been
approximately 50 cm.

The natural vegetation on the mountain browse location is domi-
nated by serviceberry, big sagebrush, snowberry and antelope bitter-
brush. Other less dominant species include western wheatgrass,
Junegrass, sheep fescue, mountain brome, lupine, sulphur wildbuckwheat,
hawksbeard, wild pea, arrowleaf balsamroot, phlox, evening primrose,
Rocky Mountain penstemon, Indian paintbrush, loco, Douglas rabbitbrush,
snakeweed, and horsebrush.

Within the mountain browse location there were two different
exposures. The first exposure was a gentle sloping northwest aspect
which gradually transformed into a 4 to 1 northwest aspect, creating
the second exposure (Figures 35 and 36). The soil on both aspects
was similar, but the vegetation was strikingly different due

primarily to slope.
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Figure 35. Mountain Browse Location, gentle northwest
aspect.

Figure 36. Mountain Browse Location, steeper northwest
aspect.
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The A-~11 horizon was composed of a very fine sandy loam with
almost a neutral pH of 7.2. The A~12 horizon was a loam with a field
determined pH again of 7.2. The CR horizon was a channery loam
with a pH of 7.4, while the residual layer was composed of sand-
stone with a pH of 7.6 (Appendix, Table 4).

The native vegetation on the gentle sloping aspect had a canopy
cover of approximately 76 percent. The most dominant plant species
on this aspect was serviceberry with a canopy cover of 20 percent.
Other browse species of major importance were big sagebrush with
14 percent ground cover, snowberry 8, antelope bitterbrush 7 and
snakeweed at 3 percent canopy cover. The forbs which were most
abundant were sulphur wildbuckwheat with 7 percent cover, lupine 7,
phlox 4, wild pea 2, Indian paintbrush 1, and arrowleaf balsamroot
at 1 percent cover. The grasses on this aspect were very scarce
with mountain brome representing about 1 percent canopy cover and
sheep fescue, western wheatgrass and Junegrass less than 1 percent
ground cover.

On the more steeper northwesé aspect the average canopy cover was
approximately 60 percent. The dominant species on this exposure was
big sagebrush, with an 18 percent cover. Antelope.bitterbrush had
a 10 percent ground cover, snowberry 8, Douglas rabbitbrush 3,
horsebrush 2, snakeweed 1, and serviceberry had less than 1 percent
canopy cover. Serviceberry was the dominant&species on the first
aspect, but virtually disappeared on this aspect. This could be
caused by chemical content of the soill or possibly the interaction
of slope and other physical features of the scil. The dominant

forbs included arrowleaf balsamroot 4, phlox 3, evening primrose 3,



76

sulphur wildbuckwheat 2, lupine 2, scarlet globemallow 1, Rocky
Mountain penstemon 1, and loco 1 percent ground cover. Finally,

the grasses were again scarce with sheep fescue representing 2

percent canopy cover, western Wheatgrass 1, and Junegrass and mountain

brome less than 1 percent cover.
Speciles Evaluation

The same 66 species that were seeded at the high elevation
pinyon-juniper location were also seeded at the mountain browse
location. This location had the shortest growing season, but
received the greatest amount of precipitation and had the best
developed soil of all four locations. Therefore, it supported a
better natural vegetation cover and was a more favorable environment
to carry out revegetatlon studies. During the fall of 1972, 25
grasses were seeded, and of these 25, 13 demonstrated good to
excellent emergence in 1973 and 15 displayed good to excellent
emergence and survival in 1974 (Table 4). There were also 19
forbs and legumes seeded, in whiéh eight showed good to excellent
emergence during the first growing season and ten were rated good to
excellent during the second growing season (Table 4). Finally,
although there were 22 browse plants seeded at this location in 1972,
only six had good to excellent emergence in 1973 and four demonstrated

good to excellent emergence and survival in 1974 (Table 4).
Grasses

Nordan crested whecatgrass showed excellent emergence during the

first growing season and good to excellent survival during the
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Table&4, Summary table for the adaptahflity of the bemt grasacs, forba and browee sceded on two different aspecte ot
the mountafn brovse location. Data cellected In 1973 snd 1974,
Adaptability on different Adaptabilicy on diflerent
aspects® aspectsst
Centle north Stecper north  Centle north Steeper north
Species west slope west slope weat slope wvest slope Remarks

Grasses

Nordan crested wheatgrass 4 4 3 4 bunchgrass, introduced, highly
palateble and nuttitious

Critana thickspike vheatgrass 4 4 A 4 sod-forwer, native, fair forage
for livestock

Jose tall wheatgrass 4 4 4 4 bunchgrass, introduced, sale-
tolerant

Amur intermediate vheatgrass 4 4 4 4 sod-former, introduced highly
palatable

Oabe jatermediate wheatgrass 4 4 3 4 sod-former, introduced highly
palatable

Sodar streambank wheatgrass 4 4 [} L] sod-former, native, unpalatable

Siberian vheatgrass 4 & ] 4 bunchgrass, introduced

Rosana western wheatgrass 4 4 & & sod-foruwer, native, sale-
tolerant, good forage

Barton western vheatgrass 3 3 4 & sod-former, native, sale-
tolerant, good forage

Luna pubescent wheatgrass 4 4 4 4 sod-forner, introduced, very
productive on scvere sites

Mountain broume 4 4 4 4 bunchgrass, native, short-
1ived percennial

Regar mcadow brome 4 4 4 & bunchgrass, introduced

Manchar brome 4 4 4 4 sod-former, introduced,
highly palatable

C-4) basin w!ldrye 3 2 4 3 bunchgrass, native, tall rotust,
good cover and forage

Creen needlegrass 4 4 4 4 bunchgrass, native, good foroge

value
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Table 4. Continued.
1873 Data 1974_Pata
Adaptabtlity on different Adaptabtlity on diflerent
aspectar aspectar®
Centle north Steeper north  Centle north Steeper north
Species west slope west slope west slope west slope Remarks

Forbs

Penngift crownvetch 4 L] 3 4 aative, legume

Utah sweetvetch 4 [} 3 4 native, legune, produces
sbundant forage

Lewis flax 2 1 3 3 native, grovs on wvell
drained soils

Ranbler alfalfa 3 2 4 3 fatroduced, legume,
rhizomatous

Rhizoma alfslfa 3 4 4 4 introduced, legume,
rhizomatous

Madrid yellow sweetclover 4 4 3 4 xapid groving biennial,
introduced

Sweetanise ] 4 4 3 native, highly palatable,
{mportant range plant

Rocky Mountain penstemon 3 4 3 4 native, good forage

Bouncing-bet 4 4 2 A {ncroduced, rhizcmatous

Arrovleaf balsamroot 4 4 4 4 native, highly palatable

Browse

Common bladdersenna L} 3 2 2 native, quick growing,
unpalatable

Desert bitterbrush 3 4 2 2 native, evergreen, highly
palatable

Stansbury cliffrose 4 4 3 & native, broad-leaved ever-
green, grows well on severe sites

Green ephedra 4 4 3 4 native, evergrecn, moderate
to high palatability

Black chokecherry 4 4 4 4 pative, highly preferred apecties
by big game and game birde

Antelope bitterbrush 4 4 4 & native, highly palatable

¢ Pmergence retinge:

*% Fncrgence and sutvival ratinga:

0--none, l--poor, 2--fair, 3--good, &--cxccllent.

O--none, l-~poor, 2--fair, Y}--good, k--excellent.
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second growing season (Table 4, Figure 37). During the second
growing season, Nordan crested wheatgrass performed better on the

4 to 1 slope than on the more gentle sloping aspect. Statistically
there were no significant differences during emergence in 1973.

Critana thickspike wheatgrass displayed excellent emergence in

1973 and excellent survival in 1974 (Table 4). It performed equally
well throughout the location without any significant differences
during the first growing season.

Jose tall wheatgrass was another species which had excellent

emergence during the first growing season. Again, there were no
significant differences between treatments or sites. Emergence and
survival during the second year were also excellent (Table 4y,

Amur and Oahe intermediate wheatgrass had excellent emergence

on all sites and all treatments in 1973 (Table 4, Figures 38 and

39). Both species also had good to excellent survival during the
second growing season, with Amur showing slightly better survival
than Oahe (Table 4).

Sodar streambank wheatgrass showed excellent emergence in 1973

and excellent survival in 1974 (Table 4, Figure 39). Emergence
and survival were consistent across treatments and sites. No
significant differences were recorded during emergence.

Siberian wheatgrass displayed excellent emergence during the

first growing season and excellent survival during the second growing
season (Table 4, Figure 40). It performed equally well throughout
the location showing no difference between sites or treatments.

Rosana western wheatgrass was also an excellent species at

this location (Table 4). It emerged early and showed excellent
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Figure 37, Nordan crested wheatgrass at
Mountain Browse Location.

Figure 38. Amur intermediate wheatgrass
at Mountain Browse Location.
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Figure 39, Left to right: Oahe intermediate
wheatgrass and Sodar streambank
wheatgrass at Mountain Browse
Location.

Figure 40. Left to right: Siberian wheatgrass, Luna
pubescent wheatgrass, Indian ricegrass,
and Mountain brome at Mountain Browse
Location.
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survival in the second growing season across both sites and treat-

ments.

Barton western wheatgrass has been rated consistently lower

than Rosana western wheatgrass at each location (Figure 41). It
displayed good emergence in 1973 and excellent emergence and survival
in 1974 on both sites and both treatments (Table 4). Although it

had a high rating in 1974, it was still somewhat lower than Rosana.
This is due primarily to the ten percent lower germination rate

that Barton western wheatgrass had compared to Rosana western
wheatgrass (Appendix, Table 3).

Luna pubescent wheatgrass was an outstanding species at this

location (Figure 40). It had excellent emergence and survival
through two growing seasons, displaying rapid growth and'high vigor
at all times (Table 4). It performed the same on both the plowing
and scraping and on each site.

Mountain brome was another outstanding species which displayed

excellent emergence and survival during two growing seasons (Table 4,
Figure 40). Statistically mountain brome performed the same across
treatments and sites. Being a native species to this vegetation

type it should be an exceptionally good species fof future revegetation
projects in this vegetation zone.

Regar meadow brome had excellent emergence during the first

growing season (Table 4)., It also had excellent survival during
the second year of growth (Figure 42). It performed equally well
throughout the location and has been a well adapted species for

this location.
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Figure 4]1. Barton western wheatgrass at
Mountain Browse Location.

Figure 42, Left to right: Manchar brome, Madrid yellow
sweetclover, Regar meadow brome, and Winterfat
at Mountain Browse Location.
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Manchar brome was also an excellent species, but was not as

consistent as other grasses mentioned above (Figure 42). It was
rated excellent in 1973 and 1974, with little difference between
sites and treatments (Table 4).

C-43 basin wildrye was the grass in which the Ute Indians

names the Piceance Basin after. The word Piceance, which means
land of the tall grass, was representative of the condition in
which the area existed before white man settled there.

C-43 basin wildrye is a tall robust bunchgrass that is salt
tolerant. Because of its tall, heavy growth, this grass is
especially useful as cover for upland game birds and forage for
big game animals. It had fair to good emergence during the first
growing season with the gentle northwest slope performing better
than the steeper 4 to 1 aspect (Table 4). During the second growing
season it displayed good to excellent emergence and survival, again
with the gentler sloping site providing better results (Table 4).

No significant differences were recorded between sites or treatments
during emergence. '

Green needlegrass showed excellent emergence during the first

growing season and excellent survival during the second growing
season (Table 4). No significant differences were found between

sites or treatments in the first year.
Forbs

The forbs and legumes did very well at this location. In

1973, eight species demonstrated good to excellent emergence
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(Table 4). During the second growing season ten species displayed
similar results.

Penngift crownvetch was a well adapted legume at this location.

It displayed excellent emergence in 1973 and good to excellent
survival during the second growing season (Table 4). Statistically
i1t had similar results throughout the location in 1973.

Utah sweetvetch demonstrated excellent emergence during the

first growing season and good to excellent survival during the
second growing season (Table 4). This species 1s well adapted to
this location and will be an important speciles in revegetation
programs. Statistically Utah sweetvetch had similar results through-
out the location during the first growing season.

Lewis flax was a slow species to emerge and showed only poor
to fair emergence in 1973 (Table 4), Good emergence and survival
were recorded during-the second growing season throughout the
location (Table 4). Because of the large number of seeds produced
yearly, this species should spread well naturally.

Rambler alfalfa demonstrated significantly better emergence

(P<.05) on the gentle sloping northwest aspect than on the 4 to 1
slope during the first growing season. Emergence

during the first growing season was fair to good and emergence and
survival during the second growing season were good to excellent
(Table 4). No difference between treatments was recorded.

Rhizoma alfalfa performed slightly better at this location

than Rambler alfalfa. Good to excellent emergence ratings were
recorded during 1973 and excellent emergence and survival ratings
were recorded during 1974 (Table 4). Ratings were similar on both

sites and both treatments.
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Madrid yellow sweetclover grew rapidly during the first season

of growth and showed good to excellent survival during the second
season (Table 4, Figure 42). Although it is only a biennial,

it volunteers well and should be suited in stabilizing severe sites
because of its rapid growth. No differences were recorded between
sites or treatments.

Sweetanise had excellent emergence in 1973, but was significantly
better (P<.05) on the scraped gentle sloping site than on the scraped
4 to 1 aspect. Survival in 1974 was good to excellent, again with
the gentle sloping siﬁe providing better ratings (Table 4). No
difference between treatments was recorded.

Rocky Mountain penstemon was a native species that did well

at this location. It had good to excellent emergence during the

first growing season and good to excellent emergence and survival
during the second season of growth on both sites and in both
treatments (Table 4). Rocky Mountain penstemon is well adapted

to this vegetation type and should be a useful species in revegetation
programs.

Bouncing-bet has been useful in past reseeding programs in the
Mountain Browse vegetation type (Plummer 1968) (Figure 43). It had
excellent emergence in 1973, but declined in survival during the
second growing season to a rating of fair to excellent (Table 4).
In 1974 bouncing-bet demonstrated slightly better survival on the
4 to 1 northwest aspect. No difference was recorded between treat-
ments.

Arrowleaf balsamroot was one of the best forbs at this location.

It was native to this vegetation type and displayed excellent



87

Figure 43. Bouncing-bet at Mountain Browse Location.

Figure 44, Black chokecherry at Mountain Browse
Location.
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emergence in 1973 and excellent survival in 1974. Statistically
it was the same throughout the location during the first season

of growth.

Browse

The browse species did not excell as well as the grasses and
forbs at this location. Problems with dormancy, low quality seed,
and the loss of seed to birds and rodents greatly reduced seedling
emergence. During the first growing season, six browse species
showed good to excellent emergence. During the second growing
season the number that survived with good to excellent ratings
dropped to four species (Table 4).

Common bladdersenna displayed good to excellent emergence in

1973, but declined during the second growing season to only fair
survival (Table 4). The ratings were slightly better on the gentle
northwest aspect than on the 4 to 1 slope during the first year,
but the difference was not significant. Statistically plowing and
scraping were the same throughout tﬁe location.

Desert bitterbrush demonstrated good to excellent emergence

during the first growing season (Table 4). At this time plowing

was significantly better (P<.05) than scraping on the gentle northwest
exposure. During the second growing season the survival of desert
bitterbrush declined to a fair rating caused primarily by heavy
browsing by deer (Table 4). Plowing supported better survival than
scraping on both sites.

Stansbury cliffrose displayed excellent emergence in 1973

(Table 4). 1In 1974 survival declined slightly to a rating of good
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to excellent (Table 4), 1In 1974 plowing aided survival of cliffrose
on the gentle sloping more favorable aspect. The treatments were
identical on the 4 to 1 aspect, but this site had better survival
than the gentle sloping aspect.

Green ephedra was a species which emerged rapidly and had

excellent emergence in 1973. Statistically the scraped treatment

on the gentle sloping site performed better (P<.05) than the scraped
treatment on the 4 to 1 aspect. Survival was

reduced slightly during the second growing season and the species
performed somewhat better on the 4 to 1 slope (Table 4).

Black chokecherry was one of the best browse plants at this

location (Figure 44). Germination and emergence were rapid and
excellent during 1973 on both sites and both treatments (Table 4).
During the second growing season survival was again excellent
throughout the plot (Table 4). Fortunately this species was not
browsed by mule deer, therefore allowing better survival.

Antelope bitterbrush displayed the best emergence and survival

of all browse species during the first two seasons of growth (Figure
45). 1t was rated excellent in 1973 and again in 1974 on all sites
and treatments (Table 4). This species would be highly recommended

for reclamation work in this vegetation zone.
Selected Species

Preliminary results indicate that surface disturbances in the
Mountain Browse vegetaion type can be reclaimed without too much

difficulty as long as the topsoil is in place. From thils research
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Figure 45, Antelope bitterbrush at Mountain Browse
Location.
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there are at least 29 specles of grasses, forbs and browse which
could be recommended for future revegetation projects.

Of these 29 species, 17 are native to either the Piceance
Creek Basin or the western states. The native grasses were Critana
thickspike wheatgrass, Sodar streambank wheatgrass, Barton western
wheatgrass, Rosana western wheatgrass, mountain brome, C-43 basin
wildrye, and green needlegrass. The forbs and legumes that were
native included Penngift crownvetch, Utah sweetvetch, lLewils flax,
sweetanise, Rocky Mountain penstemon, and arrowleaf balsamroot.
Finally, the native browse species which displayed good to excellent
emergence and survival during the second growing season were Stans-
bury cliffrose, green ephedra, black chokecherry, and antelope
bitterbrush.

The number of browse species may seem limiting at this time,
but a seeding which took place in the fall of 1973 has indicated
some promise from species such as serviceberry and snowberry, which

were not seeded in 1972.

Fall 1973 Seeding

The emergence data collected in the spring and summer of 1974,
on the seeding which took place in September 1973, was representative
of a very dry year. Precipitation has been below normal in 1974
and has therefore initiated less plant growth.

At the big sagebrush location there were 13 grasses which
displayed good to excellent emergence during the first year of
growth. These included: Nordan crested wheatgrass, Amur and Oahe

intermediate wheatgrass, Siberlan wheatgrass, Jose tall wheatgrass,
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Luna pubéscent wheatgrass, slender wheatgrass, Sodar streambank
wheatgrass, Critana thickspike wheatgrass, mountain brome, Manchar
brome, Regar meadow brome, and Galleta.

Lutana cicer milkvetch, Penngift crownvetch, Lewis flax,

Madrid yellow sweetclover, and Rocky Mountain penstemon were forbs

and legumes which had good to excellent emergence. The browse

species with good emergence were shadscale saltbush, Gardner saltbush,
green ephedra, winterfat, and Stansbury cliffrose.

At the low elevation pinyon-juniper location the grasses which
have shown the best emergence in the second seeding included:

Nordan crested wheatgrass, Jose tall wheatgrass, Amur and Oahe
intermediate wheatgrass, Sodar streambank wheatgrass, Siberian
wheatgrass, Critana thickspike wheatgrass, Luna pubescent wheatgrass,
slender wheatgrass, Rosana western wheatgrass, Sawki Russian wildrye,
and Regar meadow brome.

The forbs and legumes which have displayed good to excellent
emergence included Lewis flax, Penngift crownvetch, arrowleaf
balsamroot, and Madrid yellow swéetclover. Finally, squawcarpet
ceanothus was the only browse plant which had fair emergence.

At the high elevation pinyon-juniper location, the 1973 seeding
was completely invaded by cheatgrass. The plowing and scraping
treatments were reapplied in August, one month prior to seeding.
Cheatgrass was desiminating seed at this time and the newly treated
area received a large amount of this seed. Therefore, emergence
at this location was extremely low due to competition and low soil
water levels. The only grasses which had good emergence were Nordan
crested wheatgrass, Luna pubescent wheatgrass, and Siberian wheatgrass.

Other species had no emergence or poor to fair emergence.
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The forbs and legumes were no better, as only arrowleaf balsam-
root and Palmer penstemon displayed fair emergence. The browse
species showed very low emergence with no speciles having a rating
above poor.

The mountain browse location had much better results than the
upper pinyon-juniper location. The grasses which had good to
excellent emergence included: Nordan crested wheatgrass, Critana
thickspike wheatgrass, Jose tall wheatgrass, Amur and Oahe inter-
mediate wheatgrass, Sodar streambank wheatgrass, Siberian wheatgrass,
C-30 western wheatgrass, Rosana western wheatgrass, Barton western
wheatgrass, Luna pubescent wheatgrass, slender wheatgrass, mountain
brome, Regar meadow brome, Manchar brome, Sawki Russian wildrye,
C-43 basin wildrye, and orchard grass.

Forbs and legumes were slower to emerge than the grasses.
Madrid yellow sweetclover, Lutana cicer milkvetch, silky lupine, and
Utah sweetvetch were the only species which demonstrated good
emergence. Finally, the browse species were rated poor to fair,
with serviceberry, green ephedra,’common bladdersenna, antelope

bitterbrush, and black chokecherry being the best species.

Discussion for 1973 Seeding-

It is important to keep in mind that the results presented are
only preliminary. Although there is a great deal of confidence in
the species previously discussed, true survival can not be determined
until after the third or fourth growing season. Therefore, the data
collected through the remainder of the second growing season and

future growing seasons will be more meaningful. Nevertheless, the
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present results must not be ignored. They are still very important,
in that they have supplied a list of species for each location which
should be researched further and a list which can be eliminated from
further study.

The treatments that were applied to each location have shown
very little differences with respect to emergence and survival. Some
species did show significantly better emergence and survival on one
treatment over another, but the majority of species did not. The
disturbances created were obviously not severe enough to be truly
representative of roads, pipelines, construction sites, utility
corridors or other surface disturbances created by a commercial
oil shale industry. This is the primary reason that a significant
difference was not prominent for the two treatments. Although the
disturbances were not the actual disruptions that would be created
during commercial development, they were severe enough to test
species adaptability in different vegetation types on different
aspects and slopes. If further work is carried out in this area,
the use of more severe treatments may be desirable.

When a species does not germinate and emerge it is important
to determine what factors are responsible. An unusually high amount
of seed (150 seeds per linear meter) was planted in each row in
order to Insure some germination and emergence. The percent germi-
nation of the seed was not known at the time of seeding, therefore,

a high seeding rate was necessary. Duirng the fall of 1973 a germi-
nation test was conducted for each species seeded (Appendix, Table 12).
These results enabled us to explain why certain species did not perform

as well as anticipated.
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If the percent germination of a species was high and emergence
was low than other factors must be taken into account. At the sage~
brush and mountain browse locations, the competition from invading
annual and perennial plants on the seeded areas had some influence
on germination, growth, and vigor of certain plants. Competition
for moisture and nutrients during the early stages of growth were
also key factors affecting emergence.

Another factor responsible for reduced emergence was species
adaptability. Some species were not adapted to a particular elevation,
soil type or climate. Low moisture levels, along with alternate
periods of wetting and drying from natural precipitation also caused
poor germination.

Other factors affecting seedling emergence included; fall
germination which resulted in winter kill, seeds rotting prior to
germination from too much moisture, loss of seed to birds and
rodents, not seeding at the proper depth, seeding warm season grasses
in the fall instead of the spring, surface crusting of the soil,
and finally, the attack by fungi and diseases on germinating seed.

If the species emerged, but did not survive, then other factors
must enter the picture. Competition from invading-plants can also
reduce survival, along with low soil water levels, low nutrient levels
in the soil, and grazing and browsing by domestic livestock and

wild herbivores.
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Natural Recovery and Control Areas

Although natural recovery is a slow process in semi-arid regions
it is a very important process that must be considered during reclamation
efforts. Primary and secondary succession will be responsible for
developing the diverse vegetative ecosystems necessary to support
vérious life forms that existed before disturbances took place.

Cover and biomass data were collected on both natural recovery
and control areas at each location. Native control areas were analyzed
to determine canopy cover and biomass of individual species for baseline
data. Natural recovery areas were also analyzed for canopy cover and
biomass in order to describe the stages of natural succession which
have taken place following the application of each surface disturbance.
The biomass data collected for grasses and forbs included the above
ground standing crop, while shrubs and trees were measured only for the
present year's growth.

The Appendix Tables (6-41) illustrate the biomass and canopy cover
for each species found at each location on native control areas and
on natural recovery areas in 1973 and 1974. Tables 6-14 are for the
Mid-Elevation Sagebrgsh location while Appendix Tables 15-23, 24-32,
and 33-41 are for the Low Elevation Pinyon-Juniper, the High Elevation

Pinyon-Juniper, and Mountain Brush location, respectively.
Mid-Elevation Sagebrush Location

Beginning with the sagebrush location it was observed that the
natural recovery areas displayed good recovery after two years with

the majority of the species being grasses and forbs. The composition
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changed slightly between 1973 and 1974 with the invasion of new grasses,
forbs, and browse species. After one year's growth the plowed areas
were inhabitated primarily with western wheatgrass, Indian ricegrass,
lambsquarters, Eriogonum spp., Knotweed, and scarlet globemallow.
Douglas rabbitbrush and winterfat were also present, but in smaller
quantities (Appendix Tables 7 and 8).

One year later the number of grasses increased, with western
wheatgrass, Indian ricegrass, and needle-and-thread being the dominant
grasses on both aspects. Squirreltail bottlebrush, Junegrass, Poa
spp., and cheatgrass were also present. The number of forbs in 1974
also increased with white gilia, double bladderpod, scarlet globemallow,
Russian thistle, cryptantha, and buckwheat being the dominant species.
The browse species consisted of winterfat, Douglas rabbitbrush,
shadscale saltbrush, and horsebrush. The natural invasion on the
scraped areas was very similar to the plowed zones. The same grasses
and browse were dominant, while the most abundant forbs consisted of
phlox, white gilia, mustard, hairy goldenaster, buckwheat and scarlet

globemallow (Appendix Tables 10, 11, 13, and 14).
Low Elevation Pinyon-Juniper Location

At the low elevation pinyon-juniper location substantial differences
existed between the three aspects. In 1973, the plowed areas were
dominated by Indian ricegrass, western wheatgrass, Lewis flax, white
buckwheat, and phlox on the north slope. The ridge top was inhabited
primarily by Indian ricegrass, western wheatgrass, phlox, rock aster,

white buckwheat, winterfat, and serviceberry. Finally, the south slope
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was invaded by Indian ricegrass, western wheatgrass, mint, cryptantha,
goldenweed, and white buckwheat (Appendix Table 16).

In 1974 the dominant grasses on all the plowed aspects were Indian
ricegrass and western wheatgrass with needle-and-thread showing some
invasion on the north slope and ridge top. The most abundant forbs and
browse on the north slope consisted of cryptantha, goldenweed, Douglas
rabbitbrush, and horsebrush. The dominant forbs and browse on the ridge
top were Lewis flax, cryptantha, white gilia, horsebrush, and Douglas
rabbitbrush. Finally, the south slope was inhabited primarily by mint,
cryptantha, horsebrush, broom snakeweed, and Douglas rabbitbrush
(Appendix Tables 19 and 22).

The scraped areas were only slightly different than the plowed
zones in 1973 and 1974. After one year, the only grasses present on
all three aspects wefe Indian ricegrass and western wheatgrass (Appendix
Table 17). On the north slope the major forbs and browse consisted
of goldenweed, evening primrose, broom snakeweed, and Douglas rabbitbrush.
On the ridge top the dominant forbs were Russian thistle, evening primrose,
and phlox. The south slope was also’different, with the major species
being bull thistle, double bladderpod, mint, service berry, and mountain
mahogany.

In 1974 the grasses were the same as the previous year, but the forbs
and browse showed some change. Cryptantha, goldenweed, Lewis flax, phlox,
mint, Douglas rabbitbrush, and mountain mahogany dominated the north
slope. On the ridge top the major species were Lewis flax, white gilia,
double bladderpod, phlox, Douglas rabbitbrush, and mountain mahogany.
Finally, the south slope was inhabited primarily by mint, cryptantha,
double bladderpod, goldenweed, horsebrush, and mountain mahogany

(Appendix Tables 20 and 23).
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High Elevation Pinyon~Juniper Location

At the high elevation pinyon-juniper location only grasses and
forbs invaded the plowed and scraped areas during 1973. The most
dominant species on the plowed northwest slope were Indian ricegrass,
western wheatgrass, lambsquarters, scarlet globemallow, and Aster spp.
On the plowed south slope the species which were most abundant were
Indian ricegrass, cheatgrass, false yarrow, lambsquarters, and stickseed
(Appendix Table 25).

Western wheatgrass, Indian ricegrass, cheatgrass, beardless wheat-
grass, Aster spp., lambsquarters, and false yarrow were the dominant
species on the scraped northwest slope. Natural invasion on the south
scraped slope consisted primarily of Indian ricegrass, cheatgrass,
Aster spp., mustard, and double bladderpod (Appendix Table 26).
| During 1974 natural succession continued with the invation of new
grasses, forbs, and browse species. On the plowed northwest slope
the most abundant species included Indian ricegrass, western wheatgrass;
cheatgrass, big bluegrass, squirreltail bottlebrush, daisy fleabane,
false yarrow, double bladderpod, red trumpet flower, snowberry, and
antelope bitterbrush. Fewer species were recorded on the plowed south
slope with only Indian ricegrass, cheatgrass, squirreltail bottlebrush,
false yarrow, and red trumpet flower being most numerous (Appendix Tables
28 and 31).

On the.scraped areas the dominant species on the northwest slope
were Indian ricegrass, western wheatgrass, squirreltail bottlebrush,
false yarrow, daisy fleabane, cryptantha, phlox, snowberry, winterfat,
and horsebrush. Again, less species were present on the south slope

with Indian ricegrass, squirreltail bottlebrush, cheatgrass, beardless
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wheatgrass, arrowleaf balsamroot, and daisy fleabane being the dominant

species (Appendix Tables 29 and 32).
Mountain Browse Location

The mountain browse location had the most rapid successional develop-
ment of all four vegetation types. A diverse group of grasses, forbs,
and browse invaded the plowed and scraped areas in 1973 and 1974. The
dominant species in 1973 on the plowed gentle slope included Junegrass,
western wheatgrass, mountain brome, lupine, lambsquarters, wild pea,
scarlet globemallow, Douglas rabbitbrush, serviceberry, big sagebrush,
and antelope bitterbrush (Appendix Table 34).

The number of invading species was greater on the scraped areas
due to the lesser degree of disturbance. The dominant species on the
gentle slope were western wheatgrass, lupine, lambsquarters, Eriogonum
spp., arrowleaf balsamroot, snowberry, Douglas rabbitbrush, big sage-
"brush, and antelope bitterbrush. The steeper slope was invaded by
mountain brome, western wheatgrass, lambsquarters, lupine, phlox,
serviceberry, antelope bitterbrush, bouglas rabbitbrush, and big sage-
brush (Appendix Table 35).

In 1974 the number of grasses and forbs increased substantially.
Approximately 26 species were recorded on the plowed gentle slope with
western wheatgrass, Indian ricegrass, big bluegrass, lupine, wild pea,
Euphorbia spp.,Douglas rabbitbrush, serviceberry, and snowberry being
the dominant species. On the steeper slope the most abundant species
were western wheatgrass, big bluegrass, needle-and-thread, lupine,
Rocky Mountain penstemon, wild pea, Douglas rabbitbrush, serviceberry

(Appendix Tables 37 and 40).



101

Finally, on the scraped, gentle slope the dominant invading species
were western wheatgrass, big bluegrass, Indian ricegrass, lupine,
arrowleaf balsamroot, wild pea, serviceberry, Douglas rabbitbrush and
antelope bitterbrush. The steeper northwest slope was inhabited
primarily with western wheatgrass, big bluegrass, lupine, groundsmoke,
Euphorbia spp., wild pea, snowberry, serviceberry, Douglas rabbitbrush,

and antelope bitterbrush.
Discussion for Natural Recovery

The stages of natural succession during the two years of data
collection was more advanced than many past disturbances in the
area. Comparing this information to the information presented by
Terwilliger et al., (1974) it can be seen that natural succession
proceeded at a faster rate due primarily to the degree of disturbance.
In this experiment it must be remembered that a native seed source still
remained after plowing and scraping were initiated. Underground root
stalks were also present, which allowed resprouting of many browse
species.

Natural rehabilitation of completely disturbed areas progresses
through annual forb, grass—forb and shrub-grass stages of succession
(Terwilliger, et al.1974). Final stages of succession develop more
rapidly at higher elevations in the Piceance Basin than at lower
elevations due primarily to more favorable growing conditions.

During the two years of this experiment, the natural stage of
succession at the lower elevations appeared to be a a grass—forb
stage, with some annual forbs. At the higher elevations the successional
stage again appeared to be in a grass~forb stage, but progressing into

a shrub-grass stage.



102

Natural rehabilitation will be an important part of future
rehabilitation programs in the Piceance Basin. In order to reach
complete rehabilitation some help from secondary succession will be

imperative.
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CONCLUSIONS AND RECOMMENDATIONS

Before any conclusions can be made it is necessary to re-examine
the objectives of this research. Four major vegetation types within
the Piceance Basin were selected, and then disturbed to create an
environment suitable for studying species adaptability. A total of
81 species were seeded in order to determine adaptability within
each vegetation type studied. Along with adaptability, species were
selected for purposes of reducing wind and water erosion and develop-
ing suitable habitat for large herbivores.

Preliminary results indicate that there are a subset of these
81 species which could be recommended for future revegetation programs
on the various sites studied. The group of plants suitable for each
vegetafion type includes both native and introduced grasses, forbs
and browse. Depending on the future land use in the basin; seeding
a mixture of either all native or native and introduced species
would be the most logical procedure to follow.

The species that have shown to be the best adapted in each
vegetation zone included plants that are suited to stabilizing
eroding areas, and that are adapted for domestic livestock and big
game habitats., Contained in these groups of plants were nitrogen
fixing legumes, quick growing biennials and perennials, and
rhizomatous species noted for their soil stabilizing ability.

Many recommendations can be made with regard to the continuation
of this research and future rehabilitation projects in the Piceance
Basin. To begin with it is essential to conduct a complete chemical
analysis of the plant growth media to determine if this material is

low in fertility or high in toxicity. If problematic areas are
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discovered, then the appropriate steps should be incorporated into
future studies to overcome them.

When further research 1s conducted, it would be desirable to
simulate more closely the actual disturbances that would take place
under mining activity. During the construction of roads, pipelines
and topsoiling overburden in some cases the subsoil and topsoil
should be removed, stockpiled, and mixed in various fashions.

Mixing should take place when this material is replaced, resulting
in a completely new plant growth medium.

After the disturbance is completed other treatments may be
applied. These could include: chiseling, gouging, pitting, contour
furrowing, dozer basins, and other methods to reduce water flow,
increase infiltration rates, and provide suitable seedbeds.

The use of mixtures would be the next step after species
adaptability is determined. Seeding mixtures of species would be
the best way to obtain a diverse as well as a more complete eco-
system, which should be a primary goal in any rehabilitation program.

Other practices, such as fertilizing, mulching, irrigating,
transplanting, and the use of different methods of seeding, sﬁch as
drilling and broadcasting can also be incorporated into future
research.

Further recommendations would be to test specles adaptability
in still other vegetation zones within the Piceance Basin. Distur-
bances will occur in other vegetation types, such as the broad, flat
valley bottoms dominated by greasewood. These areas have water
tables at or near the surface with high salinity and alkalinity

levels in the surface soil. Along with the Greasewood vegetation
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type, the High ﬁlevation Grasslands and the Douglas fir and Aspen
Forests are also potential areas to be disturbed or used for disposal
of processed shale material. Species adaptability should be deter-
mined for these areas because the success or failure of any
revegetation project relies heavily on the use of proper plant
species,

Finally, proper management of the land following revegetation
is essenﬁial. This should include fencing to exclude herbivore
populations from consuming plant material during the first two to
four years of growth. Also the addition of maintenance fertilizer
when needed and irrigation during periods of drought will also be

necessary.
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SUMMARY

The grasses which showed the best adaptability at the big
sagebrush location (1972 seeding) included various wheatgrasses such
as Nordan crested, Critana thickspike, Jose tall, Amur and Oahe
intermediate, Sodar streambank, Siberian, and Luna pubescent; along
with mountain brome, Regar meadow brome and green needlegrass. The
forbs and legumes which were most promising at this location
included Madrid yellow sweetclover, bouncing-bet, Utah sweetvetch,
Lewis flax, Rhizoma alfalfa, and Rocky Mountain penstemon. Along
with the above grasses and forbs there were five browse species
which also displayed superior emergence and survival: yellowbrush,
Stansbury cliffrose, green ephedra, winterfat, and antelope bitter-
brush.-

At the low elevation pinyon-juniper location there were nine
grasses, eight forbs and legumes, and three shrubs from the 1972
seeding which displayed good to excellent adaptability. The 1list
of grasses included the following-species: Nordan crested wheatgrass,
Critana thickspike wheatgrass, Amur intermediate wheatgrass, Oahe
intermediate wheatgrass, Sodar streambank wheatgrass, Rosana westerm
wheatgrass, Luna pubescent wheatgrass, Regar meadow brome, and green
needlegrass. Forbs and legumes which appeared to be promising during
this study period were Penngift crownvetch, Utah sweetvetch, Lewis
flax, Rhizoma alfalfa, Rambler alfalfa, Madrid yellow sweetclover,
small burnet, and arrowleaf balsamroot. The number of browse species
was more limited, with only yellowbrush, winterfat and green ephedra

included in the list of recommended species.
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Species ad;ptability at the high elevation pinyon-juniper
location was better than the two previous locations. There were
12 grasses, 11 forbs and legumes, and seven shrubs that performed
well enough to. be recommended for future revegetation projects. The
native and introduced grasses that were found to be superior during
this study period included Nordan crested wheatgrass, Critana thick-
splke wheatgrass, Jose tall wheatgrass, Amur intermsdiate wheatgrass,
Oahe intermediate wheatgrass, Siberian wheatgrass, Rosana western
wheatgrass, Luna pubescent wheatgrass, mountain brome, Regar meadow
brome, Manchar brome, and green needlegrass. Native and introduced
forbs and legumes which displayed good adaptability at the high
elevation pinyon-juniper location were Penngift crownvetch, Madrid
yellow sweetclover, sweetanise, Utah sweetvetch, Rhizoma alfalfa,
Palmer penstemon, Rocky Mountain penstemon, bouncing-bet, Gooseberry-
leaf globemallow, verbena, and arrowleaf balsamroot. Finally, the
browse species that were highly recommended at this location included
common bladdersenna, green ephedra, desert bitterbrush, antelope
bitterbrush, yellowbrush, Stansbufy clifffose, and black chokecherry.

The grasses which displayed the best adaptability at the mountain
browse location (1972 seeding) included various wheatgrasses such
as: Nordan crested, Critana thickspike, Jose tall, Amur intermediate,
Oahe intermediate, Sodar streambank, Siberian, Rosana western, Barton
western, and Luna pubescent; along with mountain brome, Regar meadow
brome, Manchar brome, C-43 basin wildrye, and green needlegrass. In
addition to the grasses, the most promising forbs and legumes were

Penngift crownvetch, Utah sweetvetch, lLewis flax, Rambler alfalfa,
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Rhizoma alfalfa, Madrid yellow sweetclover, sweetanise, Rocky
Mountain penstemon, bouncing-bet and arrowleaf balsamroot.

The group of browse plants that was recommended for this location
consisted of all native species. This group was composed of the
following species: common bladdersenna, desert bitterbrush, antelope
bitterbrush, Stansbury cliffrose, green ephedra, and black chokecherry.

The plants that have been recommended for each location were
selected from the large group of species seeded in 1972. Information
on emergence and survival was collected during two growing seasons
before recommendations were made. These results are still preliminary
and must be vtilized with some degree of uncertainty. Further data
will be needed before final conclusions can be made.

It was found that natural recovery on disturbed areas progressed
through annual forb, grass-forb, and finally a shrub-grass stage. As
would be expected, stages of succession develop more rapidly at higher
elevations than at lower elevations because of more favorable growing
conditions. The greater the severity of the disturbances the slower
the rate of natural recovery. In’most cases, complete rehabilitation
will depend to some degree upon natural secondary succession even

though soil preparation, fertilization and planting has taken plaée.
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Table 1. List of sclentific and common names of plant species referred toc in the text.*

Scientific Name . ‘Common Name
Grasses . . .
1. Agropyron cristatum, var. Nordan ﬁordan crested wheatgrass
2. Agropyron dasystachyum , var. Critana Critana thickspike wheatgrass
3. Agropyron elongatum, var. Jose Jose tall wheatgrass
4, Agropyron griffithsi Griffith; wheatgrass
5. Agropyron intermedium, var. Amur Amur intermediate wheacgréss
6. Agropyron intermedium, var. Oahe Qahe intermediate wheatgrass
7. Agropyron riparium, var. Sodar Sodar streambank wheatgrass
8. Agropyron sibiricum Siberian wheatgrass
9. Agropyron smithii - Bluestem wheatgrass
10. Agropyron smithii var. Barton ) Barton western wheatgrass
11, Agropyron smithii var. C-30 C-30 western wheatgrass
12. Agropyron smithii, var. Rosana Rosana western wheatgrass
13, Agropyron spicatum Bearded bluebunch wheatgrass
14, Agropyron spicatum inerme Beardless bluebunch wheatgrass
15. Agropyron trachycaulum Slender wheatgrass
16. Agropyron trichophorum, var. Luna Luna pubescent wheatgrass
17. Bromus carinatus Mountain brome
18.. Bromus erectus, var. Regar Regar meadow brome
19. Bromus inermis Manchar brome
20. Bromus tectorum Cheatgrass
21. Dactyiis glomerata Orchardgrass
22. Elymus cinereus, van. C-43 C-43 basin wildrye
23. Elymus junceus, var. Sawki Sawki Russian wildrye
24. Elymus salinus Salina wildrye
25. Festuca arizonica Arizona fescue
26. Festuca ovina duriuscula Hard sheep fescue.
27. Festuca ovina, var. Durar Durar hard fescue
28. Festuca sulcata ’ Sulcata sheep fescue
29. Hilaria jameseii . Galleta hilaria
30. Hordeum jubatum Foxtail barley
31. Koeleria cristata Junegrass
32. Oryzopsis hymenoides Indian ricegrass
33. Phleum pratense Timothy
34. Poa ample, var. Shermans Shermans big bluegrass
35. Poa pratensis Kentucky bluegrass
36. Sitanion hystrix . Bottlebrush squirreltail
37. Sporobolus airoides Alkalil sacaton
38. Sporobolus cryptandrus Sand dropseed
39. Stipa comata Needle and thread

40. Stipa viridula Green needlegrass
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Sclentific Name

Forbs

1,
2.
3.
4.

12.
13.
14,
15.
16.
17.
18.
19,
20.

21,

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
417.
48.
49.
50.

Allium cernum

Antennaria rosea

Aster arenosus

Aster chilensis adscendens
Aster spp.

Aster spp.

Astfagalus cicer
Astragalus cicer, var. Lutana
Astragalus falcatus
Astragalus galegiformis
Astragalus spp.
Balsamorhiza sagittata
Bellis spp.

Brassica spp.

Castilleja spp.

Chaenactic spp.
Chenopodium album
Chrysopsis spp.

_ Cirsium spp.

Coronfila varia, var. Penngift
Crepls spp.

Cryptantha sericea

Erigeron strigosus

Eriogonum spp.

Eriogonum umbellatum
Eriogonum wrightii

Erysimum spp.

Gayophytum spp.

Gil{a androsacea

Gilia leucophylla

Hedysarum boreale utaheunsis
Lappula redowski

Lesquerella spp.

Linum lewisii

Lupinus alpestris

Lupinus nevadensis

Lupinus sericeus

Medicago sativa, var. Rambler

Medicago sativa, var. Rhizoma

Melilotus officinalis, var. Madrid

Metha spp.

Oenothera 8spp.
Osmorhiza occidentalis
Penstemon palmeri
Penstemon strictus
Petalostemon purporeum
Phlox cacapitosa

Phlox hoodii

Phlox spp.

Pisum spp.

Common Name

Nodding onion
Rose pussytoes
Smallflower aster
Pacific aster
Aster

Rock aster

Chicken milkvetch

Lutana cicer milkvetch

Sicklepod milkvetch
Tall milkvetch
Loco

Cutleaf arrowleaf balsamroot

Spreading daisy
Mustard

Indian paintbrush
False yarrow
Lambsquarters
Hairy goldaster
Bull thistle
Penngift crownvetch
Hawksbeard
Cryptantha

Daisy flebane

Wild buckwheat
Sulphur buckwheat
White buckwheat
Western wallflowver
Ground smoke

Red trumpet flower
White gilia-

Utah sweetvetch
Stickseed
Bladderpod

Lewis flax
Mountain lupine
Nevada lupine
Silky lupine
Rambler alfalfa
Rhizoma alfalfa

Madrid yellow sweetclover

Mint
Evening primrose
Sweetanise

Palmer penstemon

Rocky mountain penstemon

Purple prairie clover

Low phlox
Hood phlox
Phlox

Wild pea
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Scientific Name

51. Polygonum spp.
52. Salsola kali
53. Sanguisorba minor
54, Saponaria officinalis
55. Sphaeralcea coccinea
56. Sphaeralcea grossulariaefolia
57. Taraxacum spp.
58, Townsendia spp.
59. Tragopogon dubius
60. Verbena sp.
Shrubs
1. Amelanchier alnifolia
2. Amelanchier utahensis
3. Artemisia arbuscula nova
4. Artemisia frigida
‘5. Artemisia tridentata
6. Atriplex canescens
7. Atriplex confertifolia
8. Atriplex gardneri
9. Atriplex nuttallii
10.A Ceanothus integerrimus
11. Ceanothus prostratus
12. Cercocarpos betuloides
13. Cercocarpos montanus
14. Chry othamnus nauseosus

15. Chrysothamnus viscidiflorus

16. Chrysothamnus viscidiflorus lanceolatus

17. Colubrina arborescens
18. Cowania mexicana stansburiana
19. Elaeagnus angustifolia
20. Ephedra viridis

21. Eurotia lanata

22. Forestilera neomexicana

23. Gutierrezia sarothrae

24. Ilex verticillata

25. Kochia vestita

26, Prunus fasciculata

27. Prunus virginiana melanocarpa
28. Purshia glandulosa

29, Purshia tridentata

30, Rhus trilobata

31. Sarcobatus vermiculatus
32. Sambucus caerulea

33. Shepherdia argentea

34. Symphoricarpos albus

35, Symphoricarpos longiflorus
36. Symphoricarpos oreophilus
37. Symphoricarpos rivularis
38. Tetradymia canescens
Trees

1. Juniperus osteosperma

2. Pinus monophylla

Common Name
Knotweed
Russian thistle
Small burnet
Bouncing-bet
écérlet globemallow
Gooseberryleaf globemallow
Dandelion
Towensendia
Yellow salsify

Verbena

Saskatoon serviceberry
Utah serviceberry
Black sagebrush
Fringed sagebrush

Big sagebrush
Fourwing saltbush
Shadscale saltbush
Gardner saltbush
Nuttall saltbush
Ceanotha~deerbrush
Squawcarpet

Birchleaf mountain mahogany
True mountain mahogany
Rubber rabbitbrush
Douglas rabbitbrush
Yellowbrush

Common bladdersenna
Stansbury cliffrose
Rhssian olive

Green ephedra
Winterfat

New Mexico forestiera
Broom snakeweed
Winterberry

Desert molly (Gray summercypress)
Desert peachbrush
Black chokecherry
Desert bitterbrush
Antelope bitterbrush
Skunkbush sumac
Greasewood

Blueberry elder

Silver buffaloberry
Snowberry

Longflower snowberry
Mountain snowberry
Garden snowberry

Horsebrush

Utah juniper
One-leaf pinyon

*Beetle 1970; Hudson et al 1973; Plummer 1968; Soll Conservation Service 1971.
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Table 2. List of sclentlfic and common natwa of plant epecies eceded at four locationae,

Sctentific Name

Grasses

1.
2.

Agropyron cristatum, var. Nordan

Agropyron dasystachyum, var. Critana

3. Agropyron elongatum, var. Jose
A. Agropyron griffithsi
5. Agropyron intermedium, var. Amur
6. Agropyron intermedium, var. Oahe
7. Agropyron rigarium, var. Sodar
8. Agropyron sibiricum
9. Agropyron smithif
10. Agropyron smithii, var. Barton
11. Agropyron smithii, var. Rosana
12. Agropyron spicatum
13. Agropyron trachycaulum
14, Agropyron trichophorum, var. Luna
15. Bromus carinatus
16. Bromus erectus, var. Regar
17. Bromus inermis
18. Dactylis glomerata
19. Elymus cinereus, var. C-43
20. Elymus junceus, var, Sawki
2]l. Elymus salinus
22. Festuca arizonica
23. Festuca ovina, var. Durar
24, Hilaria jamesii
25. Oryzopsis hymenoides
26. Phleum pratense
27. Poa ampla, var. Shermans
28. Poa pratensis
29. Sporobolus airovides.
30. Sporobolus cryptandrus
31. Stipa viridula
Forbs
1. Aster chilensis adscendens
2. Aster sp.
3. Astragalus cicer, var. Lutana
4. Astragalus falcatus
5. Coronilla varia, var. Penngift
6. Hedysarum utahensis
7. Linum lewisii
8. Lupinus alpestris
9. Medicago sativa, var. Rambler
10. Medicago sativa, var. Rhizowa
11. Melilotus officinalis, var. Madrid
12. Osmorhiza occidentalls
13. Penstemon palmert
14, Pcnstemon stvictus
15. Petalustemon purpureum
16. Sangulsorba minor
17. Saponaria officinalis
18. Sphaeralcea grossulariacfolia
19. Verbena sp.
20. Balmorhiza sagittata

Common Name

Nordan crested wheatgrans

Critana thicksplke wvheatgrass

Jose tall wheatprass

Grifffthe wheatgrass

Amur intermcdiate wheatgraes

Oahe intermediate wheatgrass

Sodar streambank wheatgrass
Siberian wheatgrass

C-30 Western wheatgrass
Barton western wheatgrass
Rosana wvestern wheatgrass
Bluebunch wheatgrass
Slender vheatgrass

Luna pubescent vheatgrass
Mountain browme

Regar meadow brome
Manchar brome
Orchardgrass

€-43 basin wildrye

Sawki Russian wildrye
Salina vwildrye

Arizona fescue

Durar hard fescue
Galleta hilaria

Indian ricegrass

Timothy

Shermans big bluegrass
Keatucky bluegrass

Alkali sacaton

Sand dropseed

Green needlegrass

Pacific aster

Aster

Lutana cicer milkvetch
Sicklepod milkvetch
Peongift crowmvetch

Utah swveetvetch

Lewis flax

Mountain lupine

Rambler alfalfa

Shizoma alfalfa

Madrid yellow sweetclover
Sweetanise

Palmer pensatemon

Rocky mountefm pcnstemon
Purple prairie clover
Small burnet

Bouncing-bet
Cooseberryleaf globemallow
Verbena

Arrovlcaf balsamiovot
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Sclenttflc Name

Shrubs
1. Amelsnchier utahensis
2, Artemfela arbusculs nova
3. Artemisia tridentata
4. Atriplex cancecens
5. Atriplex confertifolia
6. Atriplex gradneri
7. Avxiplex nuttalliil
8. Ceanothus integerrimus
9. Ceanothus prostratus
10. Cercocarpus betulolides
11l. Cercocarpus ledifolius
12, Cercocarpus moatanus
13. Chrysothamnus nauseosus
14. Chrysothamnuys viscidiflorus
15. Colubrina arborescens
16, Cowania stansburiana
17. Elaeagnus angustifolia
18. Ephedra viridis
19. Eurotia lanata
20, Foresticra neomexicana
21. 1llex verticillata
22. FKochia vestita
23. Prunus fasciculata
24. Prunus virginiana welanocarpa
25. Purshia galndulosa
26. Purshia tridentata
27. FEhus trilobata
28. Sambucug caerulea
29. Shepherdia argentea
30.

Symphoricarpos albus

Common_Name
Serviccberry

Black sagebrush

3ig sagebrush
Fourwing caltbush
Shadscale saltbush
Gardner saltbush
Nuttall saltbush
Ceanothuas - deerbrush
Ceanothus - squawcarpet
Birchleaf Mt. Mahogany
Curl-leaf Mt. Mahogany
True mountain mahogany
Rubber rabbitbrush
Yellowbrush

Common dladderseana
Stansbury cliffrose
Ruseian-olive

Creen ephedra
Winterfat

New Mexico forestiera
Winterberry

Desert molly

Desert peachbrush
Black chokecherry
Desert bitterbrush
Antelope bdbitterbrush
Skunkbush sumac
Blueberry cldexr

S$ilver Buffaloberry
Snowberry
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Table 3. Percent germination of species seeded at four locations.

Common Name Percent Germination
Grasses
Nordan crested wheatgrass 95.0
Critana thickspike wheatgrass 88.0
Jose tall wheatgrass 97.7
Griffiths wheatgrass 4.8
Amur intermediate wheatgrass 88.0
Oahe intermediate wheatgrass 90.7
Sodar streambank wheatgrass 98.0
Siberian wheatgrass 93.2
C-30 Western wheatgrass 85.7
Barton western wheatgrass 79.8
Rosana western wheatgrass ' 89.3
Bluebunch wheatgrass 94.5
Slender wheatgrass 96.7
Luna pubescent wheatgrass 95.5
Mountain brome 88.2
Regar meadow brome 88.0
Manchar brome 89.7
Orchardgrass 88.8
C~43 basin wildrye 60.0
Sawki Russian wildrye 92.5
Salina wildrye 6.5
Arizona fescue 31.0
Durar hard fescue 62.5
Galleta hilaria 82.1
Indian ricegrass 56.0
Timothy 91.0
Shermans big bluegrass ’ 61.5
Kentucky bluegrass 77.0
Alkali sacaton 65.8
Sand dropseed 37.5
Green needlegrass - 96.0
Forbs
Pacific aster 16.0
Aster 1.5
Lutana ciser milkvetch 76.8
Sicklepod milkvetch 12.0 and 33.5
Penngift crownvetch 73.3
Utah sweetvetch 86.5
Lewis flax 46.0
Mountain lupine 9.5
Rambler alfalfa 90.8
Rhizoma alfalfa 93.3
Madrid yellow sweetclover 92.3
Sweetanise 89.5
Palmer penstemon 88.3
Rocky mountain penstemon 80.3

Purple prairie clover 67.5
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Table 3, (Continued)

Common Name Percent Germination

Small burnet 89.8
Bouncing-bet 77.3
Gooseberryleaf globemallow 49.0

Verbena 88.8
Arrowleaf balsamroot 98.5

Shrubs

Serviceberry 80.

Black sagebrush

Big sagebrush
Fourwing saltbush
Shadscale saltbush
Gardner saltbush
Nuttall saltbush
Ceanothus - deerbrush
Ceanothus - squawcarpet
Birchleaf Mt. Mahogany
Curl-leaf Mt. Mahogany
True mountain mahogany
Rubber rabbitbrush
Yellowbrush

Common bladdersenna
Stansbury cliffrose
Russian~-olive

Green ephedra
Winterfat

New Mexico forestiera
Winterberry

Desert molly

Desert peachbrush
Black chokecherry
Desert bitterbrush
Antelope bitterbrush
Skunkbush sumac
Blueberry elder

Silver Buffaloberry
Snowberry
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4.

Table Soll survey for each location, including soil) morphology and taxonomic units.

Jow Pinyon-Juniper locatlon NE, Sty, SE'%, Sec. 20, TIN, R9IW.

This s0il 1s within the range of the Penrose scries of the Lithic Ustic Torrlorthents, subgroup
and loawy, mixed, calcareous, mceic family.

Sagebrush Llocation (A)  SE%, NEY%, S, Sec. 24, TIS, RIIW.

This soil is within the Baculan series and with a sandstone substratum variant. It aleso would
only be in the Ustic Torriorthent subgroup and sandy skeletal, mixed, mesic family.

Sagebrush locatfon (B)  SE4, NE%, SEY%, Sec. 24. T1S, R99W.
This sofl is within the range of the Kim series which {e in the Ustic Torriortheat subgroup
and fine loamy, mixed (calcareous), mesic family.

Bigh Pinyon-Juniper Llocation NEY%, SEY4, NEY%, Sec. 13, T3S, R97W.

This soil is within the Nihill series--cold variant, of the Ustic Torriorthent subgroup and
loamy skeletal, mixed, calcareous, frigid family.

Mountain Brush location NE4, NE4M, MWy, Sec. 16, T4S, KITW.
This s0il is within the Cheadle series of the Lithic Cryoborolls aubgroup and loamy skeletal,

mixed family.

Soil Profile -~ Low Pinyon~Juniper Location

A-1 " 0 to 3 cw Pale brown (10YR 6/3) channery loam, brown (10YR 4/3) moist; moderate
and coarse grandular structure, soft dry, very friable moist, slightly sticky;
calcareous; abrupt smooth boundary. (pH 8.6).

c-1 3 to 11 cm Pale brown (10YR 6/3) channery silt loam, dark yellowish brown (10YR 4/4)
woist; moderate very coarse platy breaking to moderate medium and coarse subsngular
blocky structure; slightly hard dry, {riable moist, slightly sticky slightly plastic,
strongly calcareous; abrupt smooth boundary. (pi 8.8).

CR 11 to 24 cm White (10YR 8/1) dry, lime coating on brownish yellow to yellowish
brown fractured and weathered platy shale rock.

R 24 cort Very hard and almost solid platy shale bedrock.

Remarkse: The surface has about 30 to 50X cover of small channery chips % to 1 inch in size
and 1/16 to 3/16 inches thick. The A~1 and C-1 horizons contain many very fine
visicular pores. The C-1 horizon also contains 15 to 30X of channety chips. The
percent and thickness of the channery fragments will increase on the steep sideslopes
of the ridges. The shale fragments in the CR and R horizoas are lime coated and
wainly on the underside.

Soft Provile-A -~ Sapgebrush location -- Near center and 50 feet from the west end of plot.

A-11 0 to 6 cm Pale brown (10YR 6/3) gravelly fine sandy loam, brown (10YR 4/3) moist;
platy surfave crust 1 to 2 cm thick with many visicular pores plus moderate medium
subangular blocky structure breaking to moderate medium and coarse granular; soft
dry, very friable moist, slightly sticky; calcareous; clcar smooth boundary; (pH 8.4).

A-12 6 to 13 cm Light brownish gray (2.5 YR 6/3) channery loamy fine sand, olive brown
(2.5YR 4/4) woist; weak medium subangular blocky structure; soft dry, very friable;
calcareous; abrupt swmooth boundary; (pH 8.6).

c-1 13 to 32 cm Colors as horizon above; extremcly weathered channery sandstone with
lime coatinps on underside turning Into Ivamy sand; with modcrate fine and medium
platy structure; slightly hard dry; firm ooist; strongly calcureous; abrupt smooth
boundary; {(ph 8.2).

[+ 3 32 to 60 cm Pale Yellow (2.5YR 7/4) cuvarse channery very flnce sandy loam and fine sandy
loam, light yellowish brown (J.5YR 6/4) evist; rock structure; sotl soft dry, friable
moist, slightly sticky; strungly calcarecus; (pH 9.4).

3 60 cm+ Colors same as horizon abouve; weathered and slightly fractured sandstone bedrock.
Remarka: The surfuace has a 15 to 302 cover of sandstone channery cetpa.  The A-11 and A-12

horfzons contaln 20 to 3% chanaery feagments 1/8 to 1 Inch In nise and thickuess.
The €~) horizon 18 o coarse chiannery.
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Table 4, (Continued)

Soil Profile B ~- Sagebrush Location -- Near center and 50 fect from the east end of plot.

0 to 4 cm Pale brown (10YR 6/3) loam, dark yellowish brown (10YR 4/4) moist; surface
crusted with mode¢rate coarse platy, breaking to moderate medium and coarse subangular
blocky structure; slightly hard dry, friable moist, slightly ectcky, slightly plastic;
weakly calcareous; abrupt swooth boundary. (pH 8.0).

4 to 9 cm Brown (10YR 5/3) loam, dark yellowish brown (10YR 3/4) moist; weak medium
and coarse subangular blocky structure; slightly hard, friable, slightly sticky,
slightly plastic; weakly calcareous; clear smooth boundary; (pH 8.4).

9 to 38 cm White (2.5YR 8/2) heavy loam, pale yellow (2.5YR 7/4) moist; moderate
wmedfun subangular blocky structure; slightly hard dry; friable moist, sticky, plastic;
strongly calcareous; clear smooth boundary; (pH 9.4).

38 to 52 com Light gray (2.5YR 7/2) channery silt loam, light yellowish browm (2.5YR 6/4)
woist; massive breaking to weak coarse subangular blocky structure; slighely hard dry,
friable moist, sticky, elightly plastic; strongly calcareous; clear smooth boundary;

52 to 74 cm Light yellowish brown (2.5YR 6/4) coarse shannery and fine sandy loam,
light olive brown (2.5YR 5/4) moist; weathered fractured sandsione, calcareous; gradual

74 cmt Weathered and fractured sandstone bedrock.
The A-11 horizon contains many visicular pores. The 11-C2ca contains 15 to 20% by

volume channery fragments 1/% to 1 inch in size and thickness. The CR horizon contains
40 to 651 of channery sandstone that rsnges from 1/2 to 1-1/2 inches thick and 1 to 3

O to 10 cm Brown (l10YR 4/3) light loam, very dark grayish brown (10YR 3/2) moist; weak
medium subangular blocky, breaking to moderate very fine to medium granular structure,
soft dry, very friable moist, slightly sticky; noncalcareous; clear smooth boundary;

10 to 18 cm Grayish brown (10YR 5/2) light loam, dark brown (10YR 3/3) moist; weak
to moderate medium and coarse subangular blocky structure; slightly hard dry, very
friable woist; slightly sticky; weakly calcareous; clcar smooth boundary; (pH 8.6).

18 to 40 cm Light brownish gray (2.5YR 6/2) channery, very fine sandy loam, grayish
brown (2.5YR 5/2) moist; massive breaking to veak medium and coarse subangular blocky
structure; slightly hard dry, very friable mofst, slightly sticky; strongly calcareous;

40 to 56 cm Light gray (2.5YR 27/2) 1ime coated weathered and fractured sandstone with
Where the A horfzon has been removed the surface has a channery cover of 20 to 30%

and will range in size of 1/4 to 3 inches and 1/4 to 1 inch thick. The C-2ca horizon
har 40 to 652 sandstone channcry 1/4 to 2 inches across and 1/4 to 1 inch thick.

0 to 3 cm Grayish brawn (10YR 5/2) very fine sandy loam, very dark grayish brown
(10YR 3/2) moist; moderate medium to very coarse platy, breaking to weak to moderate
fine and medium subangulax blocky structure; soft dry, very friable moist, slightly
sticky, slightly plastic, noncalcareous; abrupt smooth boundary; (pH 7.2).

3 to 12 cm Colors same as horizon above; loam; moderate medium subangular blocky
structure; slightly hard dry, friable, slightly sticky, slightly plastic; noncalcareous;
12 to 22 cm Colors same as horizons above; channery loam, rock structure; (pH 7.4).

22 cwt Pale brown to light yellowish browm sandstone (pil 7.6).

A-11
A-12
C~lca
11-C2ca
(pH 9.6).
CR
smooth boundary; (pH 9.2).
3
Remarks:
inches across.
Soil Profile -- High Pinvon-Juniper Location
A-11
{ph 8.4).
A-12
C-2ca
gradual smooth boundary; (pi 8.6).
CR
some soil in cracks.
R 56 cmt Sandstone bedrock. (Somewhst fractured).
Remarks:
Soil Profile ~- Mountain Brush location
A-11
A-12
clear smooth boundary; (pH 7.2).
CR
R
Remarke:

Channery fragments are found throughout and on the surface.
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