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ABSTRACT

Agropyron spicatum, considered one of the most important native bunch-
grassEE in British Columbia, western Montana, the Columbia Basin and the area
between the Cascades and Sierras and the Rockies, dominated millions of acres
of pristine semiarid grass and sagebrush sites. It produced more herbage than
all other associated species in these regions. A considerable amount of
research has been done with this species since J. E. Weaver's work on roots in
1915. This review summarizes information from more tham 300 articles relating
to taxonomy, morphology, forage quality, ecology, physiology, and management of
A. spicatum. It has been arranged so persons can easily locate articles
Eélating A. spicatum to these various subject areas.
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SUMMARY

Agroypron spicatum (Pursh) Scribn. and Smith2 (Bluebunch wheatgrass)
considered one of the most important native bunchgrasses of the Palouse Prairie
and Intermountain Sagebrush Province, has dominated millions of acres of
pristine semiarid grass and sagebrush sites, and produced more herbage than all
other associated species combined. It is a climax species of wide ecological
amplitude and provides palatable forage for livestock and wildlife. The
genetic variation of the taxon A. spicatum is as extensive as its ecological
adaptation. Seed germination of‘é, spicatum normally begins in fall if
adequate soil moisture is available. Temperatures for optimal germination
range from 68 to 72 degrees F. Shoot development of mature plants occurs at
the second and third nodes of the previous season's shoots. Tillers initiated
in the fall overwinter and continue growth during spring. Shoots and roots
reinitiate growth in early spring, as temperatures warm, with maximum growth
frequently occurring in May. Shoot growth ends with summer dormancy but roots
continue to grow late into August, even under drought stress. Stored carbohy-
drates begin to decline during early spring growth, reaching a minimum during
the mid to late vegetative stage. Stored carbohydrates begin to increase in
the roots and crown during the early flowering stage.

Agropyron spicatum grows throughout much of the western United States,
south to the northern edge of the Sonoran Desert, extending north into Canada.
After heavy disturbance, retrogression in A. spicatum communities is evidenced
by the decline of peremnial grasses, and increases in woody and annual species.
Seedlings of annual grasses, Bromus tectorum (cheatgrass) and Taeniatherum
asperum, (medusahead) developing from fall germinated seeds, produce root
systems which elongate more rapidly than roots of A. spicatum seedlings and
compete for moisture required for establishment. Artemisia tridentata (big
sagebrush) competes with A. spicatum for nutrients and increases with distur-
bance and removal of periodic fire.

Under good grazing management, frequency of A. spicatum does not change
when compared to adjacent sites protected from grazing. If defoliation is
severe during the vegetative stage, stored carbohydrates are used for growth.
However, if some green leaf tissue remains after grazing, few or no stored
carbohydrates are used. Spring grazing is not likely to have serious effects
on A. spicatum vigor as long as conditions are suitable for regrowth before
entering summer dormancy. Close grazing during the boot stage, particularly if
grazing also occurred during the vegetative stage, causes the greatest reduc-
tion in plant vigor. The boot stage generally occurs when carbohydrate levels
are low, maximum photosynthetic area is displayed, and growing conditions are
near optimal, but conditions for regrowth usually decline rapidly.

2Pseudoroegneria spicata (Pursh) A. Love has been proposed to replace the
name Agropyron spicatum (Pursh) Scribn. and Smith (Dewey 1983 unpublished).
This is an update from the proposed name change of Elytrigia spicata (Pursh)
D.R. Dewey reported in Dewey, D.R. 1983. Histrocial and current taxonomic
perspectives of Agropyron, Elymus and related genera. Crop'Sci. 23:637-642.
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Severe drought reportedly causes breaking up of A. spicatum bunches into
smaller, individual plants during and immediately after drought. Despite
adequate precipitation the year after drought, mortality of smaller plants
reduces A. spicatum basal cover. Fall burning causes little or no mortality of
A. spicatum, with plants usually returning to pre-burn production in 1 to 3
years. Burning, however, in hot conditions of summer can cause high mortality
and a decline in production. If A. spicatum plants are being suppressed by an
assoclated species, such as A. tridentata release from competition by fire
of ten outweighs any direct damage to the bunchgrass. Reducing nondesirable
plants can result in both establishment of new plants and release of suppressed
plants of A. spicatum. If burns are too frequent, annual species are favored.
A minimum of 20 percent cover of A. spicatum or one plant per 10 square feet is
recommended for successful release of this species from competition. If
seeding is necessary, drilling in fairly thick stands with rows not wider than
12 inches is recommended. In favorable conditions, fertilization may increase
production and vigor of A. spicatum plants, although the economic return may be
questionable. Range fertillzation also may reduce yields of A. spicatum if
annual grasses are present.

The optimum grazing system or strategy an operator can implement depends
on the animal operation and alternative sources of forage. If cattle are
turned into an A. spicatum pasture during the boot stage, effect on plant
health will be influenced by degree of defoliation occurring during this stage.
The most common problem occurs when individual plants within a pasture are
overgrazed year after year while many other plants go unused. Plant vigor
decreases if plants actively regrow after a grazing event and are regrazed in
the same growing season. Vigor also declines if plants are grazed annually
during the boot stage.



Introduction

Agropyron spicatum, considered one of the most important native bunch-
grasses of the Palouse Prairie and Intermountain Sagebrush Province (U.S.
Forest Service 1937), dominated millions of acres of pristine semi-arid grass
and sagebrush sites, and produced more herbage than all other associated
species combined (Daubenmire 1940). It is a climax species of wide ecological
amplitude and provides palatable forage for livestock and wildlife. Dense
stands of A. spicatum are remarkably drought tolerant, recovering rapidly to
predrought status (U.S. Forest Service 1937, Humphrey 1943, Harris 1967,
Skovlin 1967, Smeva 1971, Ganskopp and Bedell 1979). This probably results
from a combination of minimum competition from associated species, ample supply
of A. spicatum seed, and rapid recovery of surviving plants. However, it is
sensitive to defoliation at certain times of the season (McIlvanie 1942,
Stoddart 1946a 1946b, Blaisdell and Pechanec 1949, Heady 1950, Mueggler 1950
1975, Branson 1956, Blaisdell 1958, Hyder and Smeva 1963a, Wilson et al. 1966b,
Evans and Tisdale 1972, Harris and Goebel 1976, Caldwell et al. 1981), and its
recovery after disturbance is seriously hindered by competition for soil
moisture from associated species (Warg 1938, Daubenmire 1940, Harris 1967,
Harris and Goebel 1976, Cline et al. 1977). Since the early 1900s, its
abundance has significantly decreased because of frequent disturbance and
widespread invasion of introduced annuals such as B. tectorum and T. asperum
(Pickford 1932, Daubenmire 1940 1970, Hanson and Stoddart 1940, Young 1943,
Tisdale 1947, Stewart and Hull 1949, Heady 1950, Harris 1967, Harris and Goebel
1976).

This paper summarizes information for land managers and scientists inter-
ested in the ecology and management of A. spicatum on western rangelands.
Literature on its taxonomy, ecology, physiology, and management are summarized,
with pertinent references in the topical discussion. Research on A. spicatum
dates back to the early 1900s when Weaver (1915) studied plant roots in
southeastern Washington. A bibliography of A. spicatum was published by Gould
in 1965. Since then a great deal of information on the synecology and aute-
cology of this species has been published.



Plant Description

Taxon

Genetic variation (Harris 1967 1968 1971, Chapman and Perry 1973) in the
taxon A. spicatum is almost as extensive as its ecological adaptation. In
accordance with Daubenmire (1960 1974), the name A. spicatum is now generally
accepted to include ecotypes with divergent awns, all gradations to awnless3,
as well as those with and without rhizomes. Caespitose ecotypes occur on more
arid sites and intergrade into rhizomatous types in less arid conditions
(Daubenmire 1939 1960, Stark et al. 1950, Passey and Hugie 1963a 1963b, Sturges
1977). Ecologic responses to environment are expressed by varying phenology
(Pechanec et al. 1937, Heady 1950, Blaisdell 1958, Sauer and Uresk 1976,
Daubenmire 1978) and morphology (Heady 1950, Passey and Hugie 1963a 1963b,
Harris 1967, Harris and Goebel 1976). Two important cultivars, "Whitmar"
(Hafenrichter et al. 1949) and "Secar" (USDA Soil Conservation Service 1980),
have been released by the USDA Soil Comservation Service Plant Materials Center
at Pullman, Washington4. Natural and synthetic hybrids of A. spicatum have
also been investigated (Dewey 1964 1969 1971.1976a 1976b, Pere-Trejo et al.
1979).

(See also: Asay and Dewey 1976, Asay et al. 1985, Cronquist et al. 1977, Gomm
and Horton 1983, Hartung 1946, Hitchcock et al. 1969, Jefferies 1969, Robertson
and Weaver 1942).

Horzhologz

Seedlings initially develop a diversely branched primary root system which
sustains them in the early stage of development. If conditions are favorable,
an extensive network of heavily suberized nodal roots (roots initiated from
nodes) is initiated and penetrates deep into the soil profile. Roots of some
ecotypes similar to "Whitmar" grow 8 to 20 inches parallel to the soil surface
before turning downward (Harris 1967, Harris and Goebel 1976). Agropyron
spicatum roots penetrating to 50— to 70-inch depths have been reported in
eastern Washington (Weaver 1915) and Utah (Hanson and Stoddart 1940). Shallow
lime zomes occurring in dry grassland climates, however, may limit root
development (Heady 1950).

A large portion of A. spicatum's biomass lies below ground (Hanson and
Stoddart 1940, Branson 1956, Ganskopp and Bedell 1979). In southern Washington
in an Artemisia tridentata/é; spicatum habitat type, approximately 20 and 41

3Formerly identified as beardless wheatgrass, A. inerme (Scribn. and
Smith) Rydb.

4"Whitmar" is a widely distributed awnless, rhizomatous ecotype which has
frequently been used in laboratory research. It also has been widely planted
but seed is relatively expensive. "Secar,"” recently released, is a caespitose
type with divergent awns, selected for its dryland establishment, root and
crown production, and seed yield potentials.
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percent of the belowground biomass were above the 4 and 8 inch soil depths,
respectively (Rickard 1985b). Although leaf area indices are generally low in
the cold desert, leaf area within the bunch is approximately 2.2 (foliar
area/ground area) (Caldwell et al. 1983).

(See also: Benson 1974, Branson 1953, Gardnmer 1942, Heady 1949, Owens and
Fisser 1981, Richards and Caldwell 1982, Stocker 1976, Weaver and Albertson
1943, Weaver 1978).

Phenologz

Seed germination normally begins in the fall when soil moisture increases
and temperatures are cool. Temperatures for optimal A. spicatum germination
range from 68 to 72 degrees F (Young et al. 1981). In early spring (March 9,
in southeastern Washington), seedling roots were less than 7 inches deep
(Harris 1967, Harris and Goebel 1976). Following winter dormancy, active root
growth is initiated relatively late in the spring, coinciding with leaf
development. If conditions are favorable, development of nodal roots is
initiated. Nodal roots have been noted to develop at approximately the three-
leaf stage with soil water in the upper 0.5 inch near field capacity (Evenden
1983).

Shoot development of mature plants occurs at the second and third nodes of
the previous season's shoots (McIlvanie 1942). Shoots often begin growth in
the fall with the initiation of precipitation. In the intermountain shrub
region, growth ceases almost entirely in November with leaves and roots growing
only slightly during the winter. Tillers initiated in the fall overwinter and
continue growth in the spring (Nowak and Caldwell 1984b). Approximately 75
percent of the tillers survive winter with the first leaf initiated in the fall
senescing during winter. Spring growth of roots and shoots generally begins in
March or April when snow disappears (McIlvanie 1942, Hyder and Smeva 1963a,
Evans and Tisdale 1972, Hall 1978). Rapid root growth does not begin until
soil temperatures average 46 to 50 degrees F. Both rapid root and leaf
elongation occur during May when vegetative development is at a peak and root
reserves decrease to seasonal lows (McIlvanie 1942). The reproductive phase
ends with summer dormancy in approximately mid-July (Harris and Goebel 1976)
but roots have been reported to continue growth late into August at shoot xylem
potentials below =2.5 MPa (-25 bars) (Caldwell et al. 1981). Flowering and
seed production of A. spicatum are reportedly extremely erratic. Quinton
et al. (1982) found seed production in British Columbia was poor especially at
higher elevations. They reported extreme variability in seed production among
plants and years with no apparent relationship to tiller density or basal area.
Daubenmire (1978) reported similar findings in Washington. Aborted reproduc-
tive shoots (culms without a seedhead but elongated internodes) are common
(Hyder and Sneva 1963a).

The date at which A. spicatum reaches a height of 2.5 inches has been used
as a criterion for opening the grazing season for season-long use on the Upper
Snake River Plains of Idaho. Blaisdell (1958) found this date could be
predicted with reasonable accuracy (Standard Error = 5.66 days) from the mean
temperature of March (Y = 65.86 - 1.39 X; where Y is the number of days after
March 31 and X is the March mean temperature). Finding a close correlation
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between herbage weight and precipitation of the preceding July-to-March period,
Blaisdell also offered a method for predicting herbage yield (Y = 133.40 +
38.23 X; where Y is air-dry herbage yield in pounds per acre and X is precipi-
tation in inches of the preceding July-to-March period. Standard Error =

55.2 pounds). This provides an opportunity for adjusting animal numbers before
opening of the grazing season.

(See also: DeWitt 1969, Owens and Fisser 1981, Quenet 1974, Rosenquist and
Gates 1961, Smith 1944, Sneva and Hyder 1962, Wilson et al. 1974).

Forage Quality

Agropyron spicatum is grazed by all classes of livestock throughout the
year (Skovlin 1967) and may provide good deer forage if plants have been grazed
by livestock to maximize availability of new growth (Willms and Mclean 1978,
Leckenby et al. 1982, Willms et al. 1980c 1980d. Protein and phosphorous are
sufficient for lactating animals during early spring but decline markedly after
flowering (Stoddart 1946, Cook et al. 1956, Hickman 1966, Skovlin 1967, Wight
and White 1974). Cook et al. (1956), in Utah, reported digestible protein
levels in A. spicatum of 9.9 percent during the four-leaf stage (June 1, 1954)
compared with 5.2 percent during the boot stage (June 23, 1954). Metabolizable
energy averaged 1,142 calories per pound and 877 calories per pound for the
four-leaf and boot stages, respectively. In eastern Oregon, in vitro cellulose
digestibility of A. spicatum forage declined from 72.6 percent on April 30,
1959, to 62.4 percent on June 2, 1959, and continued to decline more rapidly
during summer (Wallace et al. 1961). A wide calcium/phosphorous ratio develops
especially after maturity (Skovlin 1967). Cattle and sheep in grazing trials
have shown a preference for introduced grasses such as Agropyron cristatum in
early spring, but A. spicatum was more palatable late in the season (Cook et
al. 1956). Fall green-up, which may occur after late summer precipitation
events, makes A. spicatum valuable for fall grazing.

Some ranchers claim excellent animal gains from spring grazing of A.
spicatum in drought years. Generally, nutrient content in early spring is
superior in drought years because of larger nutrient concentrations in the
smaller volume of biomass. A higher ratio of vegetative shoots (which are
usually more nutritious) to reproductive shoots is also common for A. spicatum
during drought. Skovlin (1967), however, noted protein levels from June
through September were significantly reduced by severe drought. This may be
explained by the advancement of maturity and curing of A. spicatum, caused by
drought conditions, and reduced protein intake caused by decreased forage
availability restricting selectivity.

Wallace et al. (1966) investigated chemical curing of A. spicatum and
other forages with June applications of 1 pound paraquat per acre. With this
me thod of chemical versus natural curing, forages retained higher nitrogen and
cellulose digestibility for late summer and fall grazing. However, paraquat
has not been approved by the Envirommental Protection Agency for this use.
(See also: Blaisdell et al. 1952, Costello 1944, Currie et al. 1981, Demarchi
1968 1973, Dillon and Wallenmeyer 1966, Hansen et al. 1977, Harner and Harper
1973, Holecheck et al. 1982a 1982b, Hurd and Pearse 1944, Irwin 1979, McCall
1937, McLean and Willms 1977, Raleigh 1970, Stoddart 1945, Uresk and Cline
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1976, Uresk and Rickard 1976a 1976b, Uresk et al. 1976b, Willms et al. 1980e,
Willms et al. 1981a).

Physiology

McIlvanie (1942) classified the phenological and physiological development
of A. spicatum into five stages based on studies in Montana:

1. Formative stage (shoot initiation): The greatest percentage of
seasonal carbohydrates is stored in the lower two to three inter-
nodes, followed by roots. The balance of total carbohydrates is
retained in old herbage. Total nitrogen is also near the seasonal
maximum with approximately equal amounts stored in herbage and roots.

2 Vegetative development (approximately 2 months): Sucrose and reserve
polysaccharides (important in carbohydrate storage) decline sharply
during this period. Minimum total carbohydrates, root nitrogen, and
carbon/nitrogen ratios are reached at the 7-inch height stage (early
May) .

34 Flower stalks first evident to seedheads fully out of the leaf
sheath: Total carbohydrate content is at a maximum in herbage, but
roots contain only 60 percent of the final total maximum. Nitrogen
in herbage begins to decline and nitrogen in roots begins increasing.

4. Seed maturation to early yellowing: Carbohydrates decline rapidly in
herbage as root carbohydrates reach their seasonal maximum. Nitrogen
continues to decline in herbage and to increase in roots. This trend
reverses during tramsition to secondary growth.

5. Fall curing to secondary growth: A slight increase in total carbo-
hydrates occurs in both herbage and roots by the end of this period.

Hyder and Snmeva (1963a) and Caldwell et al. (1981) reported similar trends of
total soluble carbon pools in A. spicatum. The major investment of carbon
during vegetative development occurred in shoots and sheaths (Caldwell et al.
1981).

Optimum temperatures for maximum photosynthesis rates range between 68 and
77 degrees F (DePuit and Caldwell 1975). Net assimilation rates of carbon are
highest during the spring and early summer when both temperatures and soil
water are near optimum. Dark respiration rates increase with temperatures.
Stomatal conductance was also found to be sensitive to hot, dry conditioms.
Under these conditions, stomates decrease aperture size which decreases water
loss through transpiration and allows maintenance of more leaves.
(Also see: Anderson and McNaughton 1973, Dauber and Willard 1981, DePuit 1975,
Dewey 1960, Johnson and Brown 1977, McCarty and Price 1942, 0'Toole et al.
1981, Richards and Caldwell 1985, Trlica and Singh 1980).



Distribution

Agropyron spicatum flourishes on deep well-drained loamy soils but is
adapted to coarser textured soils with shallow (15 to 24 inches) calcareous
hardpans (Heady 1950). Summer droughts are common throughout its range. It is
found from northern Michigan to Alaska, south to western South Dakota, New
Mexico, and California, and throughout the Great Basin (Hitchcock 1950).

Plant Communities and Associated Species

Agropyron spicatum occurs as a co-dominant with several Artemisia sub-
species (Winward and Tisdale 1977, Winward 1980) on arid sites (8- to l7-inch
precipitation zone) ranging from 500 to 9,000 feet elevation. Of these, the
Artemisia tridentata ssp. wyomingensis (Uyoming big sagebrush)/A. spicatum
habitat type is probably the most common big sagebrush/bluebunch wheatgrass
habitat type. In the Palouse Prairie and other more mesic enviromments, A.
splcatum is associated with Festuca idahoensis (Idaho fescue) on deeper soils
and with Sandbergs bluegrass Poa secunda (Sandbergs bluegrass) on the more
shallow soils. It is also found growing with Juniperus occidentalis (western
juniper), Cercocarpus ledifolius (curlleaf mountain mahogany), seudotsuga
menziesii (Douglas-fir) and Pinus ponderosa (ponderosa pine).

With prudent grazing, frequencies of dominant grasses in an Artemisia
tridencata/A. spicatum habitat type were similar between exclosures protected
from cattle grazing for 50 years and outside adjacent areas, grazed annually by
cattle for 50 years (Sneva et al. 1984). After heavy disturbance, however,
retrogression in A. spicatum communities was evidenced by the decline of
perennial grass density and increases in woody species and annuals. Severe
grazing and prevention of natural fire have increased dominance of Artemisia
species on sagebrush/bunchgrass ranges. Combinations of overgrazing, cultiva=-
tion, and frequent burning have allowed widespread invasion of B. tectorum on
several million acres of abandoned cropland and overgrazed ranges (Pickford
1932, Young 1943, Stewart and Hull 1949, Piemeisel 1951, Moomaw 1957, Harris
1967, Franklin and Dyrmess 1973, Harniss and Murray 1973, Daubenmire 1975).
Further retrogression to other low value, low-producing species such as T.
asperum and Chrysothamnus (rabbitbrush) species also occurs (Daubenmire 1940
1970, Harris and Goebel 1976, Hilken and Miller 1980). Aristida longiseta (red
three-awn), a perennial grass of low palatability, invaded 500,000 acres in
north-central Idaho, where A. spicatum was reduced with overgrazing (Evans and
Tisdale 1972). =
(Also see: Burkhardt and Tisdale 1976, Christensen 1963, Daubenmire 1942 1952
1977, Daubenmire and Daubenmire 1968, Driscoll 1964, Eckert 1957, Erhard 1979,
Franklin and Dyrness 1969, Gibbens 1972, Hall 1973, Hironmaka et al. 1983,
Hironaka and Tisdale 1963, Hoffman and Alexander 1976, Hoover 1939, Humphrey
and Miller 1945, Jones 1972, Laycock 1980, McLean 1970, McLean and Marchand
1968, Mitchell and Cormak 1960, Morris et al. 1950, Mueggler and Handle 1974,
Pfister et al. 1977, Pickford 1940, Poulton 1955, Rasmussen 1954, Sampson and
Chase 1927, Sampson et al. 1951, Schlatterer 1972, Sharp and Sanders 1978,

- Spilsbury and Tisdale 1944, Stoddart 1941, Tidestrom 1925, Tisdale 1961 1979




1982, Volland 1976, Weaver 1917, Weaver and Clements 1939, Wright and Wright
1948).

Competition

Bromus tectorum and T. asperum are winter annuals which often limit
reestablishment of A. spicatum af ter severe disturbance. Hull and Stewart
(1948), in Idaho, reported successful establishment of seeded perennials in B.
tectorum stands thinned to 50 to 100 annual plants per square foot, as compared
to poor success in demsities of 1,000 annual plants per square foot. Roots of
- T. asperum and B. tectorum seedlings elongate more rapidly during winter than
roots of A. sgicatum seedlings (Harris and Goebel 1976). Soil temperatures
average about 3.5 degrees F warmer at B. tectorum root tips and 5.5 degrees F
warmer at T. asperum root tips compared with temperatures at the more shallow
depths occupied by A. spicatum roots (Harris 1967, Harris and Goebel 1976).
Morphology and phenology of annuals also make them less susceptible to grazing
injury. The competitive advantage of annuals appears to result from their
ability to deplete soil moisture at deeper levels in advance of developing
roots of A. spicatum seedlings. During years of above average precipitationm,
however, annuals are relatively poor competitors (Harris 1967, Stewart and Hull
1949). Stewart and Hull (1949) reported perennials have a good chance of
regaining dominance over B. tectorum in areas where annual precipitation
exceeds 9 inches. Newly seeded perennials may establish in young stands of A.
tridentata although their yields will be severely reduced. Earlier growth and
development of grasses, successfully established in the year Artemisia is
controlled, will usually suppress Artemisia reestablishment for several years
(Blaisdell 1949).

Aristida longiseta, in contrast to A. spicatum, increases with heavy
grazing pressure. Aristida longiseta lacks early spring and fall growth, main-
tains apical meristems in a sheltered position and is low in palatability
(Evans and Tisdale 1972). Saturated soils inhibit the growth of A. longiseta,
but seed germination at high temperatures and a rapidly elongating root system
allow the species to compete strongly on droughty coarse—textured soils.

Artemisia species, subjected to little or no grazing pressure, compete
strongly for soil moisture and nitrogen (Hyder and Sneva 1956). Artemisia is
capable of absorbing greater levels of soil nutrients (at least phosphorus)
than A. spicatum (Caldwell et al. 1985). They reported A. tridentata absorbed
86% of the available P added to the soil in the interspace between the shrub
and A. spicatum. Within plant communities dominated by A. tridentata, signifi-
cant patterns of horizontal and vertical distributions of soll nutrients have
been shown (Doescher et al. 1984). Higher concentrations of N, P, K, and Ca
occurred under Artemisia than either A. spicatum, F. idahoensis, or in the
interspaces. Concentrations of nutrients under A. tridentata did not increase
as range conditions declined (Doescher et al. 1984). However, as the preva-
lence of shrubs increased, the size of the nutrient pool within this component
of the community increased, probably at the expense of increased interspace and
decreased bunchgrass cover.

(See also; Cook and Lewis 1963, Day 1975, Harris 1977, Harris and Wilsom 1970,
Hulbert 1955, Hull 1949, Hull and Pechanec 1947, Leopold 1941, Ndawula-Senyimba
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et al. 1971, Parish 1956, Piemeisel and Chamberlain 1936, Rickard-et al. 1977b,
Risser 1969, Young et al. 1969).

Plant Response and Management

Grazing

Agropyron spicatum is considered sensitive to heavy grazing during the
growing season because of its upright stature, slender shoots, early elevation
of apical meristems to grazing height, and high ratio of reproductive to
vegetative shoots (Branson 1956, Harris 1967, Evans and Tisdale 1972).
Conflicting results are found in the literature regarding the phenological
stage at which A. spicatum is most sensitive to defoliation. This is primar-
ily because of different levels of defoliation and growing conditions af ter
defoliation. McIlvanie (1942) found A. spicatum is most vulnerable to defolia-
tion during the stage of minimum root reserves. Clipping at this time delayed
normal seasonal replenishment of carbohydrate reserves. Domart and Cook (1970)
found more root reserves were utilized for regrowth after early spring defolia-
tion than defoliation during the boot stage, however, clipping intensities were
severe (90 percent defoliation). Caldwell et al. (1981) reported the major
source of carbon used for regrowth was assimilated after the defoliation event
and not before. This emphasizes the importance of green leaf tissue remaining
on the grazed plant.

Most researchers have found A. spicatum is most sensitive to clipping just
before and during the boot stage, “which usually occurs in early Jume
(Daubenmire 1940, Stoddart 1946, Blaisdell and Pechanec 1949, Wilson et al.
1966a, Harris 1967, Trlica and Cook 1971, Harris and Goebel 1976). Limited
regrowth, after leaf removal at the boot stage, apparently is caused by high
temperatures and limited soil moisture during most years (Stoddart 1946, Wilson
et al., 1966). Defoliation also appears to suppress rather than stimulate new
tiller development (Branson 1956, Caldwell et al. 1981). This may be caused by
the late development of axillary buds (Hyder and Smeva 1963a) and allocation of
photosynthate to the roots rather than for development of new leaf tissue
(Caldwell et al. 1981). Clipping A. spicatum in mid-November and early March
did not affect the rate of tiller elongation in spring (Willms et al. 1980a
1980b). The level of carbohydrates stored at fall quiescence affects the
ability of a plant to regrow after defoliation and to complete its annual
growth cycle before summer dormancy (Trlica and Cook 1971).

Defoliation has been shown to increase photosynthetic rates, on a per unit
leaf area basis, by 27 percent compared to undefoliated plants (Nowak and
Caldwell 1984a). Defoliation also delayed senescence in older leaves by
approximately 2 weeks (Nowak and Caldwell 1984a) and increased light saturation
of the lower leaves (Caldwell et al. 1983). Overall photosynthesis, however,
declined on a per plant basis because of a 60 percent reduction in leaf
biomass. Water use efficiency also declined (photosynthesis/transpiration) on
defoliated plants, probably because of an increase in proportion of old
foliage. Delaying growth later into the summer may also decrease water use
efficiency because of increasing seasonal evaporative potentials.
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Reducing competition has been reported to offset adverse effects of heavy
defoliation on A. spicatum (Mueggler 1972). When competition was eliminated, a
six-fold increase in A. spicatum herbage production and a ten-fold increase in
flower stalk density resulted, compared to defoliated plants competing with
undefoliated neighbors. Where B. tectorum is a problem, properly timed "flash"
grazing (short grazing period) is a helpful control technique. Bromus tectorum
reaches grazing height approximately 2 to 3 weeks before other associated
species. It is highly palatable, matures quickly, and generally dies by late
May (Harris 1967). Agropyron spicatum tolerates intense grazaing for short
time before the boot stage. This coincides with B. tectorum shoot and flower
development. Roots of well extablished A. spicatum plants may not be free of
competition from B. tectorum roots until roots reach a depth of 20 to 30 inches
(Harris 1967, Cline et al. 1977). Hanson and Stoddart (1940) reported an
average root depth of 26 inches on ungrazed plots and 18 inches on grazed
areas,

Agropyron spicatum, compared to A. desertorum, has several traits that
make it more sensitive to grazing. Carbohydrate reserves accumulate later and
are maintained at lower levels in A. spicatum (Hyder and Sneva 1963a 1963b,
Caldwell et al. 1981). Agropyron spicatum has a greater carbon and nitrogen
investment per unit of photosynthetic area in the shoot and per unit root
surface absorption area (Caldwell et al. 1981). Although plants of equal size
produce approximately the same biomass, A. spicatum has thicker leaves and
larger diameter roots (which decreases the ratio between leaf or root surface
area/weight) than A. desertorum. Agropyron desertorum roots are significantly
more dense throughout the soil profile. After defoliation, A. desertorum
quickly reallocated both reserves and -assimilated food material for new leaf
growth. Agropyron spicatum, after defoliation continued to allocate carbon to
roots, which continued to grow, at the expense of leaf growth. Continued root
growth in A. spicatum apparently does not bemefit the plant since root mortal-
ity increased in the winter and growing season after defoliation (Richards
1984). Replacement of new photosynthetic area by A. spicatum is far inferior
to A. desertorum, because of lower reserve levels of carbohydrates, greater
carbon"and nitrogen investments per unit leaf area produced, and unabated root
growth after defoliation.

(See also: Bleak and Keller 1973, Bramson 1953, Cooper 1953, Costello and Price
1939, Crider 1955, Currier 1956, Donart and Cook 1970, Evanko and Peterson
1955, Garrison 1966, Gooding 1957, Harris 1954, Hewitt et al. 1976, Hormay and
Talbot 1961, Hudson 1976, Hyder and Sawyer 1951, Ikeler 1943, Kamm et al. 1978,
Liethead 1960, McLean and Tisdale 1972, McShane 1981, Miller and Krueger 1976,
Mueggler 1967 1975, Nielson 1940, Packer 1953, Payne 1960, Pickford and Reid
1948, Richards and Caldwell 1981 1982, Rickard et al. 1975 1977, Roath and
Krueger 1982, Sauer 1978, Skovlin et al. 1976, Slauger 1951, Sneva 1980,
Spraque 1934, Wash. Agric. Exp. Sta. 1932, Willms et al. 1979 1981b, Wyoming
Agric. Exp. Sta. 1960).

Drought

Rates of net carbon assimilation for A. spicatum are usually highest
during spring and early summer, when water supply is least limiting, and

12



temperatures are close to optimal for photosynthesis (68 to 77 degrees F)
(DePuit and Caldwell 1975). The effects of severe drought on A. spicatum
carbohydrate accumulation and mobilization have not been researched (Ganskopp
and Bedell 1979). With normal mid-summer temperatures, A. spicatum becomes
photosynthetically dormant but root growth continues (Caldwell et al. 1981).
In drought years, termination of shoot and leaf growth may be advanced by as
much as 1 month (Pechanec 1937). Production of flower stalks is curtailed
during drought with most plants remaining vegetative throughout the grazing
season (Heady 1950, Blaisdell 1958, Harris 1967, Harris and Goebel 1976). 1Imn
southern Idaho, breaking up of A. spicatum bunches into smaller, individual
plants occurred during and after the drought of 1934 (Pechanec et al. 1937,
Craddock and Forsling 1938). Despite adequate precipitation the next year,
mortality of smaller plants caused a subsequent reduction in A. spicatum cover.

Vigorous plants of A. spicatum are adapted to normally dry summers.
However, the magnitude of the effects of severe drought, particularly combined
with overgrazing, can extend beyond the year(s) in which severe drought occurs.
Although the effects of drought vary with ecological condition, substantial
increases in density and cover of forbs and deep-rooted shrubs, after drought,
may superficially mask declining conditions of grasses (Pechanec et al. 1937).
Failure to attain favorable forage responses during years of above average
annual precipitation may be the result of lowered vigor after drought, inten-
sive grazing, or a combination of both.

(See also: Bleak and Keller 1973, Collins and Weaver 1978, Eddleman and Nimlos
1972, Jardine and Forsling 1922, Julander 1945, Kleinman 1977, Schlatterer and
Hironaka 1972, Snmeva and Rittenhouse 1970).

Fire

The effect of fire on A. spicatum depends on frequency and season of
burning. Estimates of frequencies of natural fires in sagebrush/grass eco-
systems range from 25 to 70 years (Wright et al. 1979). When burned in the
fall, little or no mortality has been reported for A. spicatum, with plants
usually returning to pre-burn production in 1 to 3 years (Blalsdell 1953,
Moomaw 1957, Conrad and Poulton 1966, Harniss and Murray 1973, Uresk et al.
1976, Britton et al. 1978). Willms et al. (1980a 1980b) reported burning A.
spicatum in the fall (mid-November) and late winter (early March) reduced the
rate of tiller elongation in the spring. Reductions in spring growth caused by
burning during the dormant season may be caused by: (a) destroying fall
regrowth and thereby reducing photosynthetic surface; (b) exposing meristematic
tissue to extreme temperatures; (c) increasing soil temperatures which caused a
moisture deficit; and/or (d) causing greater evaporative cooling from burned
soil.

Removing standing litter by burning affects the morphological development
of A. spicatum (Uresk et al. 1976a, Willms 1980a 1980b). During the first 3
years after a lightning fire in mid-August, Uresk et al. (1976a) reported
average leaf length decreased, reproductive shoot height and seedhead lengths
increased, and production increased 31 percent to 131 percent., Increased
tiller densities, the second year after fall burning, have also been reported
(Willms et al. 1980a). How quickly A. spicatum responds positively to burning
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depends on: (1) the vigor of the plants before burning, (2) fire conditionms,
and (3) growing conditions (i.e., soil moisture) following the fire.

Where natural fire has been suppressed, dense canoples of Artemisia
predominate at the expense of A. spicatum. Burning within the proper condi-
tions can effectively reduce competition and release A. spicatum. Artemisia
tridentata is easily killed by fire, although the rate of reoccupation depends
on the subspecies, seed reserves, percent kill, and moisture availability on
the site (Sturges 1977, Winward and Tisdale 1977, Britton and Ralphs 1979).
Little or no mortality of A. spicatum has been reported from fall burms
(Blaisdell 1953, Moomaw 1957, Conrad and Poulton 1966, Harniss and Murray 1973,
Uresk et al. 1976). Spring and summer burns decrease basal area of A. spicatum
and can result in high mortality (Wright et al. 1979). However, if A. spicatum
is suppressed by an associated species such as A. tridentata release from
competition by fire usually outweighs any direct damage to the bunchgrass in
the overall stand.

Early summer burns (at a time when native perennials are easily killed)
may offer a temporary setback to B. tectorum, but burning generally increases
its dominance (Wright and Klemmedson 1965). As annual grasses and forbs in-
crease, the time period between burns shortens. Repeated burning depletes
perennial grasses and causes sharp increases in annual grasses, especially
B. tectorum (Pickford 1932, Wright and Klemmedson 1965). A combination of

burning and herbicide application has been shown to be very effective in
controlling annual grasses on several A. spicatum habitat types (Parish 1956,
Goebel et al. 1970, Eckert et al. 1972, Harris and Goebel 1976, Hilken and
Miller 1980).

Fire has also been shown to increase the palatability of A. spicatum.
Both cattle and deer readily preferred plants that had either been burned or
grazed during the previous growing season while they least preferred plants
that had neither been burned nor grazed (Willms et al. 1980c 1980d). Deer
preferred burned plants over grazed plants.

Guidelines for prescribed burning in sagebrush ecosystems are summarized
by Wright et al. (1979) and Britton and Ralphs (1979). Grazing should not be
resumed until at least 1 year after treatment to allow for a full, uninter-
rupted growth cycle. Harniss and Murray (1973) found beneficial effects from
burning lasted 12 to 30 years in Idaho.

(See also: Burkhardt and Tisdale 1976, Keay and Peek 1980, McShane 1981,
Pechanec et al. 1944, Peek et al. 1979, Robocker et al. 1965).

Fertilization

Moderate fertilization may increase the vigor, yield, and seed production
of A. spicatum in stands where B. tectorum is absent. Mason and Miltimore
(1959) reported yield of A. spicatum more than doubled from nitrogen fertiliza-
tion on a site in British Columbia receiving 11 inches of precipitation. Crude
protein levels of high-desert grasses are temporarily increased with fertiliza-
tion. However, the advantage of increased protein diminishes as soil water is
depleted and plants mature earlier in the season (Sneva 1963, Sneva and Hyder
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1965). Increases in production from fertilization may be negligible in dry
years. Harris and Goebel (1976) reported vigor of A. spicatum declined with
repeated applications of nitrogen at 100 pounds per acre.

Range fertilization has direct, as well as indirect, effects on production
of A, spicatum growing with competing species, as responses to soil nitrate
levels differ between plant species. Agropyron spicatum and F. idahoensis
yields are reduced on fertilized plots where B. tectorum is present. Nitrogen
stimulates B. tectorum growth and increases moisture utilization by this
species (Smeva 1963, Wilson et al. 1966a). Perennial seedlings are restricted
more by moisture competition than benefited by increased fertilization (Harris
and Goebel 1976). Taeniatherum asperum appears to have a competitive advantage
over both A. spicatum and B. tectorum on sites where nitrogen is deficient
(Harris and Goebel 1976, Brannon 1972).

In a review, Schmisseur and Miller (1978) reported effects of fertiliza-
tion on yields from seeded high desert range are more substantial than from
native high desert range. Substantial increases in production of native
grasses appeared to be more consistent, and perhaps more economically feasible,
in areas of milder climates (e.g., British Columbia, or southeastern
Washington).

(See also: Bayoumi and Smith 1976, Heady 1952, Hyder and Smeva 1961, Macqueen
and Bierne 1975, Main 1974, Miltimore et al. 1962).

Herbicides

Reducing undesirable plants can result in both the release of suppressed
established A. spicatum plants and establishment of new plants (Hyder and Sneva
1956, Hedrick et al. 1966, Sneva 1972, Schumaker and Hanson 1977, Sturges 1977,
Miller et al. 1980). A minimum of one A. spicatum per 10 square feet (Plummer
et al. 1965) is recommended for successful release. The primary source of A.
spicatum production for several years after treatment comes from plants 2
occupying the site before treatment (Blaisdell and Mueggler 1956, Miller et al.
1980).

(See also: Findley 1974, Robocker et al. 1965, Schmisseur and Miller 1980,
Sturges 1977, West et al. 1978, Young et al. 1969).

Seeding

The A. inerme variant, Whitmar, becomes established rather slowly,
exhibiting maximum productivity in the third harvest year (Hyder and Sneva
1963a). Secar is being evaluated for its grazing resistance and ability to
establish.

Hyder and Sneva (1963a) recommended drilling in fairly thick stands with
rows not wider than 12 inches, for better productivity, weed control, and
palatability. Selection of seed which has been produced in optimum (versus
harsh) environments for seed production should provide more viable seed
(Miltimore et al. 1962, Young et al. 1981). Agropyron spicatum seed is highly
germinable at a wide range of temperatures (Young et al. 1981), but limited
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moisture and excessive competition appear to be the most limiting factors
hindering successful establishment of seedlings.

(See also: Asay et al. 1985, Berg et al. 1979, Bleak and Walker 1974, Cook and
Lewis 1963, Coop. Ext. Ser. 1975, Eddleman 1979, Goebel 1978, Gomm and Horton
1983, Heady 1952, Harris and Dobrowolski 1986, Ikeler 1943, Lavin and
Springfield 1955, Lewis et al. 1978, Marquiss et al. 1974, Plummer 1943,
Plummer et al. 1955, Robocker et al. 1965, Short 1943, Stark 1946, Stark et al.
1946, U.S. Dept. Agric. 1936, Vogel 1963, Young et al. 1969).

Plant Pathology

(See: Fischer 1936 1939, Fischer and Claassen 1944, Spraque 1934, Young 1937)

Integrated Grazing Management

The optimum grazing system or strategy an operator can implement on A.
spicatum depends on their animal operation and alternmative forage sources such
as A. desertorum or A. cristatum. Maximum sustained forage yields and live-
stock production in A. spicatum pastures are not known because of highly
variable growing conditions across sites and years as well as limited research.
Integrating basic principles with management experience and careful observation
are necessary. Grazing strategies can be successfully developed by using the
following basic principles:

Past research and experience regarding grazing A. spicatum can be sum-
marized into the following:

2 1t Continuous grazing of individual plants throughout the grazing season
seriously restrict plant growth and storage of carbohydrates for
maintenance of plant vigor.

2. Grazing during plant dormancy has the least detrimental effect on the
plant. However, to attain maximum livestock gains plants must be
grazed during the growing seasom.

3. Plants can withstand utilization early in the growing season if
conditions allow adequate growth after grazing. This will usually
occur if animals are removed before the boot stage and there is
adequate soll moisture.

4., Retaining only small levels of leaf area during the boot stage has
the greatest negative effect on carbohydrate storage and plant vigor.

In the above four principles, the manager or livestock operator must
contend with words like adequate, small, etc., that do not provide exact guide-
lines. Experience and close observation must f£ill the gap. The harder the
resource is pushed to maximize production, the greater will be the demand
placed on the manager to make decisions throughout the year.
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The amount of green plant material present during various stages of
phenological development greatly affects the future health and ability of the
plant to compete. If cattle are turned into an A. spicatum pasture during the
boot stage, the effect on plant health is influenced by the degree of defolia-
tion occurring during this stage. If only light use occurs from boot to seed
maturity, little effect on plant health results. If more than light use during
the boot stage i1s permitted, adjustments in grazing will be needed in the
following growing season(s) to maintain plant vigor. The amount of deferment
required depends on plant health and environmental conditions. Experience and
observation must be employed to decide what adjustments are needed. A problem
can potentially arise under continuous use. Even if a pasture is moderately
stocked (and more than likely understocked) individual plants within the
pasture are frequently overgrazed while much of the pasture is only lightly
grazed or not used at all. The greatest potential damage comes from repeated
overuse of individual plants within the pasture year after year. Fencing
pastures and implementing some type of rotationmal grazing management plan can
decrease potential overuse of certain portions of the pasture, improve
distribution of use, and increase flexibility of overall management of the
operation. Control of grazing duration and season of use within a pasture are
of utmost importance in a grazing management planmn.

If A. desertorum is available, it should be used during spring with native
pastures providing the main forage source during summer dormancy. Residual
forage remaining on native pastures from the previous growing season can
provide an excellent feed for cattle in late winter and early spring before
adequate forage growth in A. desertorum pastures.

17



Anderson, J. E. and S. J. McNaughton. 1973. Effects of low soil temperature
on transpiration, photosynthesis, leaf relative water content, and growth
among elevationally diverse plant populatioms., Ecol. 54:1220-1233.

Asay, K. H. and D. R. Dewey. 1976. Fertility of 17 colchicine-induced
perennial triticeae amphiploids through four generations. Crop Sci.
16:508-513.

Asay, K. H., W. H. Horton, and W. T. Hansen II. 1985. New grasses for inter-
mountain rangelands. Utah Sci. 46:119-123.

Bayoumi, M. A. and A. D. Smith., 1976. Response of big game winter range
vegetation to fertilization. J. Range Manage. 29:44-48.

Benson, G. L. 1974. Some comparisons of the autecology of Agropyron spicatum,
Sporobolus cryptandrus and Stipa comata. (Diss. Abstr. (BE. 35:2707;.
Berg, W. A., J. T. Herron, H. P. Harbert, III, and J. E. Kiel. 1979. Vegeta-

tive stabilization of Union 0il Co. Process B reported oil shale, 1975-78.
Colorado State Univ. Exp. Sta., Fort Collins. Tech. Bull. 135. 94 p.

Blaisdell, J. P. 1949. Competition between sagebrush seedlings and reseeded
grasses. Ecol. 30:512-519.

Blaisdell, J. P. and J. F. Pechanec. 1949. Effects of herbage removal at
various dates on vigor of bluebunch wheatgrass and arrowleaf balsamroot.
Ecol. 30:298-305. :

Blaisdell, J. P., A. C. Wiese, and C. W. Hodgson. 1952. Variations in
chemical composition of bluebunch wheatgrass, arrowleaf balsamroot, and
associated range plants., J. Range Manage. 5:346-353.

Blaisdell, J. P. 1953. Ecological effects of planned burning of sagebrush -
grass range on the upper Snake River Plains. USDA Tech. Bull. 1075. 39 p.

Blaisdell, J. P. and W. F. Mueggler. 1956. Effect of 2,4-D on forbs and
shrubs associated with big sagebrush. J. Range Manage. 9:38-40.

Blaisdell, J. P. 1958. Seasonal development and yield of native plants on the
upper Snake River plains and their relationship to certain climatic factors.
USDA Tech. Bull. 1190. 68 p.

Bleak, A. T. and W. Keller. 1973. Water requirement, yield, and tolerance to
clipping of some cool-season semiarid range grasses. Crop Sci. 13:367-370.

Bleak, A. T. and W. Keller. 1974, Emergence and yield of six range grasses
planted on four dates using natural and treated seed. J. Range Manage.
27:225-227.

Brannon, T. A. 1972. Some interactions between nitrate-nitrogen and tempera-
ture portions of the life cycle of four range grasses. M.S. Thesis.
Washington State Univ., Pullman, Washington.

18



Branson, F. A. 1953. Two new factors affecting resistance of grasses to
grazing. J. Range Manage. 6:165-171.

Branson, F. A. 1956. Quantitative effects of clipping treatments omn five
range grasses. J. Range Manage. 9:86-88.

Britton, C. M. and M. H. Ralphs. 1979. Use of fire as a management tool in
sagebrush ecosystems. p. 101-109. In: The Sagebrush Ecosystem: A
Symposium. Utah State Univ. College of Natural Resources, Logan, April
1978.

Britton, C. M., F. A. Sneva, and R. G. Clark. 1978. Effects of season of
burning on five bunchgrass species in eastern Oregon. Soc. for Range
Manage. 31st Annual Meeting, San Antonio, Tex. Abstr. 31:81.

Burkhardt, J. W. and E. W. Tisdale. 1976. Causes of juniper invasion in
southwestern Idaho. Ecol. 57:472-484.

Caldwell, M. M., J. H. Richards, D. A. Johnson, R. S. Nowak, and R. S. Dzurec.
1981. Coping with herbivory: photosynthetic capacity and resource alloca-
tion in two semiarid Agropyron bunchgrasses. Oecol. 50:14-24.

Caldwell, M.M., T.J. Dean, R.S. Nowak, R.S. Dzurec, and J.H. Richards. 1983.
Bunchgrass architecture, light interception, and water-use efficiency:

assessment by fiber optic point quadrats and gas exchange. Oecol.
59:178-184.

Caldwell, M.M., D.M. Eissenstat, J.H. Richards, and M.F. Allen. 1985.
Competition for phosphorus: differential uptake from dual-isotope-labeled
soil interspaces between shrub and grass. Sci. 229:384-386.

Chapman, S. R. and L. J. Perry. 1973. Taxonomic and agronomic variation in
Agropyron spicatum and Agropyron inerme. J. Range Manage. 26:41-42.

Christensen, E. M. 1963. The foothill bunchgrass vegetation of central Utah.
Ecol. 44:156-158.

Cline, J. F., D. W. Uresk, and W. H. Rickard. 1977. Comparison of soil water
used by a sagebrush-bunchgrass and a cheatgrass community. J. Range Manage.
30:199-201.

Collins, D. and T. Weaver. 1978. Effects of summer weather modification
(irrigation) in Festuca idahoensis-Agropyron spicatum grasslands: cloud
seeding, northern Great Plains. J. Range Manage. 31:264-269.

Conrad, C. E. and C. E. Poulton. 1966. Effect of a wildfire on Idaho fescue
and bluebunch wheatgrass. J. Range Manage. 19:138-14l.

Cook, C. W., L. A. Stoddart, and L. E. Harris. 1956. Comparative nutritive
value and palatability of some introduced and native forage plants for
spring and summer grazing. Utah Agr. Exp. Sta. Bull. 385. 39 p.

19



Cook, C. W. and C. E. Lewis. 1963. Competition between big sagebrush and
seeded grasses on foothill ranges in Utah. J. Range Manage. 16:245-250.

Cooper, H. W. 1953. Amounts of big sagebrush in plant communities near
Tensleep, Wyoming, as affected by grazing treatment. Ecol. 34:186-189.

Cooperative Extension Service. 1975. Culture and uses of beardless wheatgrass
and bluebunch wheatgrass in the state of Washington. p. 164-165. Imn:
Range Multiple Use Management. Washington State Univ,, Oregon State e Univ.,
and Univ. of Idaho.

Costello, D. F. and R. Price. 1939. Weather and'plant development data as
determinants of grazing periods on mountain ranges. USDA Tech. Bull. 686.
30 p.

Costello, D, F. 1944. Efficient cattle production of Colorado ranges.
Colorado Ext. Ser. Bull. 383-A. 16 p.

Craddock, G. W. and C. L. Forsling. 1938. The influence of climate and
grazing on spring and fall sheep range in southern Idaho. USDA Tech. Bull,
600. 42 p.

Crider, F. J. 1955. Root growth stoppage resulting from defoliatiom of grass.
USDA Tech. Bull. 1102. 23 p.

Cronquist, A., A. H. Holmgren, N, H. Holmgrem, J. L. Reveal, and
P. K. Holmgren. 1977. Intermountain Flora, Vol. 6., The Monocotyledons.
Columbia Univ. Press, New York.

Currie, P. 0., R. S. White, and k. H. Asay. 1981. Cattle preference and plant
selection within a hybrid grass. p. 675-678. In: Smith, J, A. and W. W.
Hays (eds.) Proc. XIV Intern. Grassland Congr., , Lexington, Ky.

Currier, W. F. 1956. Season of use. Paper presented to the Pacific N.W.
Sec. SRM. Nov. 1956. Penticton, British Columbia (mimeo). 7 p.

Daubenmire, R. F. 1939. The taxonomy and ecology of Agropyrom spicatum and A.
inerme. Torrey Bot. Club. Bull. 66:327-329.

Daubenmire, R. F. 1940. Plant succession due to overgrazing in the Agropyrom
bunchgrass prairie of southeastern Washington. Ecol. 21:55-64.

Daubenmire, R. F. 1942. An ecological study of the vegetation of southeastern
Washington and adjacent Idaho. Ecol. Monmogr. 12:53-79.

Daubenmire, R. F. 1952. Forest vegetation of northern Idaho and adjaceant
Washington, and its bearing on concepts of vegetation classification. Ecol.
Monogr. 22:301-330.

Daubenmire, R. F. 1960. An experimental study of variation in the Agropyron
spicatum - A. inerme complex. Bot. Gaz. 122:104-108.

20



Daubenmire, R. F. and J. B. Daubenmire. 1968. Forest vegetation of eastern
Washington and northern Idaho. Washington Agr. Exp. Sta. Tech. Bull. 60.
104 p.

Daubenmire, R. F. 1970. Steppe vegetation of Washington. Washington Agr.
Exp. Sta. Tech. Bull. 62:121.

Daubenmire, R. F. 1974. Plants and Environments: A Textbook of Autecology.
3rd edition. John Wiley and Sons, Inc., New York. 422 p.

. Daubenmire, R, F. 1975. Plant succession on abandoned fields and fire
influence in a steppe area in southeastern Washington. N.W. Sci. 59:36-48.

Daubenmire, R. F. 1977. Derivation of the flora of the Pacific northwest.
P. 159-171. 1In: Proc. of Symp on Terrestrial and Aquatic Ecological
Studies of the Northwest. E. Wash. State College, Cheney, Wash. March
26-27, 1976.

Daubenmire, R. F. 1978. Annual variation in the flowering of Agropyron
spicatum near Clarkston, Washington. N.W. Sei. 52:153-155.

Dauber, T. and E. E. Willard. 1981. Total nonstructural carbohydrate trends
in bluebunch wheatgrass related to growth and phenology. J. Range Manage.
34:377-379.

Day, T. L. 1975. Cheating a cheater: Bromus tectorum in competition with
Agropyron spicatum. Washington Agr. Exp. Sta. 12:4-5.

Demarchi, D. A. 1973. Relationship of rangé quality to range condition in the
Chilcotin region, British Columbia. J. Range Manage. 26:345-348.

Demarchi, D. A. 1968, Chemical composition of bighorn winter forages Ovis
canadensis california, Agropyron spicatum-M and Stipa columbia-M. J. Range
Manage., 21:385-388.

Depuit, E. J. 1975. Gas exchange studies of arid land plants. Ph.D. Thesis,
Utah State Univ., Logan, Utah. (Diss. Abstr. (B) 36:70-71).

DePuit, E. J. and M. M. Caldwell., 1975. Gas exchange of three cool semi-
desert species in relation to temperature and water stress. J. Ecol.
63:835-858.

Dewey, D. R. 1960. Salt tolerance of twenty-five strains of Agropyron.
Agron. J. 53:631-635.

Dewey, D. R. 1964. Natural and synthetic hybrids of Agropyron spicatum x
Sitanion hystrix. Torrey Bot. Club Bull. 91:396-405.

Dewey, D. R. 1969. Synthetic hybrids of Agropyron caespitosum-M x Agropyron
spicatum, Agropyron canium and Agropyron Yezoense-M Bot. Gaz. 130:110-116.

21



Dewey, D. R. 1971. Genome relation among Agropyron spicatum, A. scribmeri,
Hordeum brachyantherum, and H. arizonicum. Torrey Bot. Club “Bull.
98:200-206.

Dewey, D. R. 1976a. Cytogenetics of Agropyron pringlei and its hybrids with
A. spicatum, A. scribmeri, A. violaceum, and A. dasystachyum. Bot. Gaz.
137:179-185.

Dewey, D. R. 1976b. Derivation of a new forage grass from Agropyron repens X
Agropyron spicatum hybrids. Crop Sci. 16:175-180.

DeWitt, F. P. 1969. Early development response to low temperature in Agro-
pyron spicatum collected from native western North America. M.S. Thesis,
Washington State Univ., Pullman. 49 p.

Dillon, C. C. and D. Wallenmeyer. 1966. A rancher's success with continuous
deferred grazing in Washington state, J. Range Manage. 19:380-382.

Doescher, P. S., R. F. Miller, and A. H. Winward. 1984. Soil chemical
patterns under eastern Oregon plant communities dominated by big sagebrush.
Soil Sci. Am. J. 48:659-663.

Donart, G. B. and C. W. Cook. 1970. Carbohydrate reserve content of mountain
range plants following defoliation and regrowth. J. Range Manage. 23:15-19.

Driscoll, R. S. 1964. Vegetation-soil units in the central Oregon juniper
zone. USDA For. Serv. Res. Pap. PNW-19. 60 p.

EOARC. 1980. Eastern Oregon Agricultural Research Center data file, Burnms.

Eckert, R. E., Jr. 1957. Vegetation-soil relationships in some Artemisia
types in northern Harney and Lake counties, Oregon. Ph.D. thesis. Oregon
State Univ., Corvallis. 208 p.

Eckert., R. E. JI'.'., Go Je Klomp, R. A. Evana., and Je A Younga 19720 EBtab-
lishment of perennial wheatgrass in relation to atrazine residue in the
seedbed. J. Range Manage. 25:219-224.

Eddleman, L. E. and T. J. Nimlos. 1972, Growth rates of native grasses and
soll water potential as measured with thermocouple psychrometers, p.
231-235. 1In: Proc. in thermocouple psychrometers. Utah State Univ. Logan.
March 17-19, 1971.

Eddleman, L. E. 1979. Regeneration strategies of mixed-prairie plants. p.
684-698. In: Goodin, J. R. and Northington, D. K.(eds.). Arid Land Plant
Res. Intern. Center for Arid and Semi-Arid Land Studies, Texas Tech.
Univ., Lubbock, Texas.

Erhard, D. H. 1979. Plant communities and habitat types on the Lava Beds

National Monument, California. M.S. thesis. Oregon State Univ., Corvallis.
162 p.

22



Evanko, A. B. and R. A. Peterson. 1955. Comparisons of protected and grazed
mountain rangelands in southwestern Montana. Ecol. 36:71-82.

Evans, G. R. and E. W. Tisdale. 1972. Ecological characteristics of Aristida
longiseta and Agropyron spicatum in west-central Idaho. Ecol. 53:137-142.

Evenden, A. G. 1983. Effects of environmental conditions on germination and
early seedling development in Agropyron spicatum. M.S. Thesis, Oregon State
Univ., Corvallis. 85 p.

Findley, R. R. 1974. Changes in plant communities following rangeland brush
control. M.S. Thesis, Oregon State Univ., Corvallis, Oregom. 98 p.

Fischer, G. W. 1936. The susceptibility of certain wild grasses to Tilletia
tritici and Tilletia levis. Phytopath. 26:876-886.

Fischer, G. W. 1939. Studies on the susceptibility of forage grasses to
cereal smut fungi. Phytopath. 29:575-591.

Fischer, G. W. and C. E. Claassen. 1944, Studies of stem rust (Puccinia
graminis) from Poa ampla, Avena fatua, and Agropyron spicatum in the
Pullman, Washington region. Phytopath. 34:301-314.

Franklin, J. F. and C. T. Dyrness. 1969. Vegetation of Oregon and Washington,
USDA For. Res. Pap. PNW-80. 216 p.

Franklin, J. F. and C. T. Dyrness. 1973. Natural vegetation of Oregon and
Washington. USDA For. Ser. Gen. Tech. Rep. PNW-8. 417 p.

Ganskopp, D. and T. E. Bedell. 1979. Response of bluebunch wheatgrass to
drought and climatic fluctuations: a review. Oregon State Univ. Agr. Exp.
Sta. Circ. of Info. 680. 15 p.

Gardner, J. L. 1942. Studies in tillering. Ecol. 23:162-174.

Garrison, G. A. 1966. A preliminary study of response of plant reserves to
systems and intensities of grazing on mountain rangeland in northwest United
States of America. p. 937-940. In: Proc. 10th Inter. Grassl. Congr.

Gibbens, R. P, 1972. Vegetation patterns within northerm desert shrub
communities. Ph.D. Thesis, Univ. of Wyoming, Laramie., (Diss. Abstr. (B)
33:153-154).

Goebel, C. J. and J. R. Nelson and G. A. Harris. 1970. Grass establishment.
1970 Research Progress. Washington Agr. Exp. Sta. Bull. 723. 31 p.

Goebel, C. J. 1978. Grass establishment on lower Snake River rangelands. p.
629-630. In:Hyder, D.N. (ed.). Proc. of the First Intern. Rangeland Congr.
Denver, Colorado. Aug. 1978. Soc. for Range Manage.

Gomm, F. and W. Horton. 1983. Testing new grasses for rangelands. Utah Sci.
44:44=-49,

23



Gooding, J. A. 1957. Dryland range management studies. Ph.D. Thesis.
Washington State Univ., Pullman.

Gould, M. 1965. Bluebunch wheatgrass (Agropyron spicatum), 1920 to 1964: a
bibliography. USDA Pac. N.W. For. and Range Exp. Sta. 10 p.

Hafenrichter, A. L., L. A. Mullen, and R. L. Brown. 1949. Grasses and legumes
for soil comservation in the Pacific Northwest. USDA Misc. Pub. 678:2.

Hall, F. C. 1973. Plant communities of the Blue Mountains in eastern Oregon
and southeastern Washington. USDA For. Ser. Area Guide R6 3-1. 62 p.

* Hall, F. C. 1978. Western juniper in association with other tree species. p.
31-36. In: Proceedings of the Western Juniper Ecology and Management
Workshop. Bend, Oregon. Jan., 1977. USDA For. Ser. General Tech. Rep.
PW—74.

Hansen, R. M., R. C. Clark, and W. Lawhorn. 1977. Foods of wild horses, deer
and cattle in the Douglas Mountain area of Colorado. J. Range Manage.
30:116-118.

Hanson, W. R. and L. A. Stoddart. 1940. Effects of grazing upon bunch wheat
grass. Amer. Soc. Agron. J. 32:278-289.

Harner, R. F. and K. T. Harper. 1973. Mineral composition of grassland
species of the eastern Great Basin in relation to stand productivity. Cam.
J. Bot. 51:2037-2046.

Harniss, R. O. and R. B. Murray. 1973. Thirty years of vegetal change
following burning of sagebrush grass range. J. Range Manage. 26:322-325.

Harris, R. W. 1954. Fluctuations in forage utilization on ponderosa pine
ranges in eastern Oregon. J. Range Manage. 7:250-255.

Harris, G. A. 1967. Some competitive relationships between Agropyron spicatum
and Bromus tectorum. Ecol. Monogr. 37:89-111.

Harris, G. A. 1968. Agropyron spicatum-M biotypes. Washington Agr. Exp. Sta.
Bull. 707:35.

Harris, G. A. and A. M. Wilson. 1970. Competition for moisture among seed-
lings of annual and perennial grasses as influenced by root elongation at
low temperature. Ecol. 51:530-534.

Harris, G. A. 1971. Evidence of gemecologic variability in Agropyrom spicatum.
Proc. N.W. Sci. Assn. Univ. of Idaho. Moscow.

Harris, G. A. 1977. Root phenology as a factor of competition among grass
seedlings. J. Range Manage. 30:172-177.

24



Harris, G.A. and J.P. Dobrowolski. 1986. Population dynamics of seeded
species on northeast Washington semiarid sites, 1948-1983. J. Range Manage,
39:46-51.

Harris, G. A. and C. J. Goebel. 1976. Factors of plant competition in seeding
Pacific northwest bunchgrass ranges. Washington State Univ. College of Agr.
Res. Center. Bull. 820. 22p.

Hartung, M. E. 1946. Chromosome numbers in Poa, Agropyron and Elymus. J.
Bot. 33:516-536.

Heady, H. F. 1949. Studies on bluebunch wheatgrass (égropyron spicatgﬂ) in
Montana and height-weight relationships of certain range grasses. Ecol.
Monogr. 20:55-81.

Heady, H. F. 1950. Studies on bluebunch wheatgrass in Montana and height-
welght relationships of certain range grasses. Ecol. Momogr. 20:55-81.

Heady, H. F. 1952. Reseeding, fertilizing and renovating in an ungrazed mixed
prairie. J. Range Manage. 5:144-149.

Hedrick, D. W., D. N. Hyder, F. A. Sneva, and C. E. Poulton. 1966. Ecological
response of sagebrush-grass range in central Oregon to mechanical and
chemical removal of Artemisia. Ecol. 47:432-439.

Hewitt, G. B., W. H. Burleson, and J. A. Onsager. 1976. Forage losses caused
by the grasshopper Aulocara elliotti om shortgrass rangeland. J. Range
Manage. 29:376-380.

Hickman, 0. E. 1966. Seasonal trends in the nutritive content of important
range forage species near Silver Lake, Oregon. Tech. Rep. submitted to the
Range Manage. Program, Oregon State Univ., Corvallis. 95 p.

Hilken, T. O. and R. F. Miller. 1980. Medusahead (Taeniatherum asperum
Nevski): a review and annotated bibliography. Oregon State Univ. Ag. Exp.
Stat. Bull. 664. 18 p.

Hironaka, M., M. A. Fosberg, and A. H. Winward. 1983. Sagebrush-grass habitat
types of southern Idaho. Bull. No. 35. College of For., Wildl. and Range
Sci. Univ. Idaho. Moscow. 44p.

Hironaka, M. and E. W. Tisdale. 1963. Secondary succession in annual vegeta-
tion in southern Idaho. Ecol. 44:810-812.

Hitchcock, A. S. 1950. Manual of grasses of the United States. Ed. 2.
Revised by Agnes Chase. USDA Misc. Pub. 200. 1,051 p.

Hitchcock, G. L., A. Cronquist, M. Ownby, and J. W. Thompson., 1969. Vascular

plants of the Pacific Northwest. Part I. Vascular cryptogams, gymnosperms,
and monocotyledons. Univ. of Washington Press. Seattle.

25



Hoffman, G. R. and R. R. Alexander. 1976. Forest vegetation of the Bighorn
Mountains, Wyoming: a habitat type classification. USDA For. Ser. Res.
Pap. RM-170.

Holechek, J., M. Vavra, J. Skovlin, and W. C. Krueger. 1982a. Cattle diets in
the Blue Mountains of Oregon, I. Grasslands. J. Range Manage. 35:100-103.

Holechek, J., M. Vavra, J. Skovlin, and W. C. Krueger. 1982b. Cattle diets in
the Blue Mountains of Oregon, II. Forests. J. Range Manage. 35:239-242.

Hoover, M. M. 1939. Native and adapted grasses for conservation of soil and
moisture in the Great Plains and western states. USDA Farmer's Bull. 1812,
44 p. E

Hormay, A. L. and M. W. Talbot. 1961. Rest rotation grazing: a new manage-
ment system for perennial bunchgrass range. USDA Prod. Res. Rep. 51. 43 p.

Hudson, R. J. 1976. Resource division within a community of large herbivores.
Natur. Can. 103:153-167.

Hulbert, L. C. 1955. Ecological studies of Bromus tectorum and other annual
brome grasses. Ecol. Monogr. 25:181-213,

Hull, A. C., Jr. 1949. Growth periods and herbage production of cheatgrass
and reseeded grasses in southwestern Idaho., J. Range Manage. 2:183-186.

Hull, A. C., Jr. and J. F. Pechanec. 1947. Cheatgrass: a challenge to range
research. J. For. 45:555-564.

Hull, A. C., Jr. and G. Stewart. 1948. Replacing cheatgrass by reseeding with
perennial grass on southern Idaho ranges. Amer. Soc. Agron. J. 40:694-703.

Humphrey, R. R. 1943. A history of range use and its relation to soil and
water losses of the Walla Walla River watershed, Washington, and Oregon.
N.W. Sci. 17:82-87.

Humphrey, R. R. and A. E. Miller. 1945. Range condition. A classification of
the bunchgrass forage type in the Kittitas Soil Conservation District.
USDA, Soil Cons. Ser. 13 p.

Hurd, R. M. and C. K. Pearse. 1944, Relative palatability of eight grasses
used in range reseeding. Amer. Soc. Agron. J. 36:162-165.

Hyder, D. N. and W. A. Sawyer. 1951. Rotation-deferred grazing as compared to
season-long grazing on sagebrush bunchgrass (égropyron spicatum) ranges in
Oregon. J. Range Manage. 4:30-34.

Hyder, D. N. and F. A. Sneva. 1956. Herbage response to sagebrush spraying.
J. Range Manage. 9:54-58.

26



Hyder, D. N. and F. A. Sneva. 1961. Fertilization on sagebrush-bunchgrass
range, a progress report. Oregon State Univ. Agr. Exp. Sta., Misc. Paper
11553536 pa

Hyder, D. N. and F. A. Smeva. 1963a. Studies of six grasses seeded on
sagebrush-bunchgrass range: yield, palatability, carbohydrate accumulation,
developmental morphology. Oregon State Univ. Agr. Exp. Sta. Tech. Bull, 71.

Hyder, D. N. and F. A. Sneva. 1963b. Morphological and physiological factors
affecting the grazing management of crested wheatgrass. Crop Sci.
3:267-271.

Ikeler, K. C. 1943. Resource management studies on the dry ranges of south-
eastern Oregon. J. For. 41:561-564.

Irwin, L. L. 1979. Relationships between intensive timber culture, big game
habitats, and elk habitat use patterns in northern Idaho. Ph.D. Thesis.
Idaho Univ., Moscow. (Diss. Abstr. 39:5162)

Jardine, J. T. and C. L. Forsling. 1922. Range and cattle management during
drought. USDA Bull. 1031. 87 p.

Jefferies, N. W. 1969. Bluebunch wheatgrass: know your range plants.
Montana State College Ext. Folder 100. 6 p.

Johnson, D. A. and R. W. Brown. 1977. Psychrometric analysis of turgor
pressure response: a possible technique for evaluating plant water stress
resistance. Crop Sci. 17:507-510. :

Jones, W. B. 1972. A vegetation study of the Sheep Mountain watershed, Albany
County, Wyoming. Ph.D. Thesis. Univ. of Wyoming, Laramie (Diss. Abstr.
(B) 33:14).

Julander, O. 1945. Drought resistance in range and pasture grasses. Plant
Physiol. 20:573-599.

Kamm, J. A., F. A. Sneva and L. R. Rittenhouse., 1978. Insect grazers om the
cold desert biome. p. 479-483. In:Hyder D.N. (ed.). Proc. of the First
Intern. Rangeland Congr. Denver, Colorado.

Keay, J. A. and J. M. Peek. 1980. Relationships between fires and winter
habitats of deer in Idaho. J. Wildl. Manage. 44:372-380.

Kleinman, L. H. 1977. Phenodynamics and ecology of sagebrush-grass range-
lands. (Diss. Abstr. (B). 37:5471).

Lavin, F. and H. W. Springfield. 1955. Seeding in the southwestern pine zone
for forage improvement and soil protection. USDA Handbook 89. 52 p.

Laycock, W. A. 1980. Introduction. SEA, USDA forage and range management.
Colorado State Univ. Crops Res. Lab. In: Herb. Abstr. 50:3035.

27



Leckenby, D. A., D. P. Sheehy, C. H. Nellis, R. J. Scherzinger, I. D. Luman, W.
Elmore, J. C. Lemos, L. Doughty, and C. E. Trainer. 1982, Wildlife
habitats managed rangelands -— the Great Basin of southeastern Oregon: Mule
Deer. USDA PNW For. & Range Exp. Sta. Gen Tech. Rep. PNW-139. 40 p.

Leopold, A. 1941. Cheat takes over. The Land 1:310-313.

Lewis, D. T., M. J. Malakouti and J. Stubbendieck. 1978. Grasses help heal
sandhills blowouts. Farm, Ranch, and Home Quarterly 25:19-20.

Liethead, H. L. 1960. Grass management pays big dividends. J. Range Manage.
13:206-210.

Macqueen, A. and B. P. Biernme. 1975. Effects of cattle dung and dung beetle
activity on growth of beardless wheatgrass in British Columbia. Can. J.
Plant Sci. 55:961-967.

Main, J. L. 1974. Differential responses to magnesium and calcium by native
populations of Agropyron spicatum. Amer. J. of Bot. 61:921-937.

Marquiss, R. W., L. E. Bartel and G. G. Davis. 1974. Improved forage species
for reseeding in the San Juan Basin. Agr. Exp. Sta., Colorado State Univ.
Tech. Bull. 122. 20 p.

Mason, J. L. and J. E. Miltimore. 1959. 1Increase in yield and protein content
of native bluebunch wheatgrass from nitrogen fertilization. Can. J. Plant
Sci. 39:501-504.

McCall, R. 1937. The digestibility of range bunch grasses fed alone and
supplemented to sheep. Montana Agr. Exp. Sta. Herb. Rev., 5:164.

McCarty, E. C. and R. Price. 1942. Growth and carbohydrate content of
important mountain forage plants in central Utah as affected by clipping and
grazing. USDA Tech. Bull. 818. 51 p.

McGinnies, W. J. 1973. Effect'of clipping on survival of crested wheatgrass
seedlings. J. Range Manmage. 26:452-453.

McIlvanie, S. K. 1942. Carbohydrate and nitrogen trends in bluebunch wheat-
grass (Agropyron spicatum), with special reference to grazing influences.
Plant Physiol. 17:540-557.

McLean, A. 1970. Plant communities of the Similkameen Valley, British
Columbia and their relationships to soils. Ecol. Monogr. 40:403-423,

McLean, A. and L. Marchand. 1968. Grassland range§ in the southern interior
of British Columbia. Can. Dept. Agr. Pub. 1319. 28 p.

McLean, A. and E. W. Tisdale. 1972. Recovery rate of depleted range sites
under protection from grazing. J. Range Manage. 25:178-183.

28



McLean, A. and W. Willms. 1977. Cattle diets and distribution on spring-fall
and summer ranges near Kamloops, British Columbia. Can. J. of Animal Sci.
57:81-92.

McShane, M. C. 1981. Bluebunch wheatgrass productivity: the relative effects
of clipping and burning. In: Abstracts, 54th Meeting of the N.W. Sclence
Assoc, Oregon State Univ., Corvallis. Mar. 26-28, 1981.

McShane, M. M. and R. H. Sauer. 1985. Comparison of experimental fall burning
and clipping on bluebunch wheatgrass., N.W. Sci. 59:313-318.

Miller, R. F. and W. C. Krueger. 1976. Cattle use on summer foothill range-
lands in northeastern Oregon. J. Range Manage. 29:367-371.

Miller, R. F., R. R. Findley, and J. A. Findley. 1980. Changes in mountain
big sagebrush habitat types following spray-release. J. Range Manage.
33:278-281.

Miltimore, J. E., J. L. Mason, and C. B. W. Rogers. 1962. Increase in seed
production from nitrogen fertilization of native beardless wheatgrass. Can.
J. Plant Sci. 39:501-504.,

Mitchell, G. J. and R. G. H. Cormack. 1960. An evaluation of big game winter
range in southwestern Alberta. J. Range Manage. 13:235-239.

Moomaw, J. C. 1957. Some effects of grazing and fire on vegetation in the
Columbia Basin region, Washington. Dissertation Abstracts. Ph.D. Thesis.
Washington State Univ., Pullman. (Diss. Abstr. 17:733).

Morris, H. E., W. E. Booth, G. F. Payne, and R. E. Stitt. 1950. Important
grasses on Montana ranges. Montana Agr. Exp. Sta. Bull. 470. 24-25 p.

Mueggler, W. F. 1950. Effects of spring and fall grazing by sheep on vegeta-
tion of the upper Snake River Plains. J. Range Manage. 3:308-315.

Mueggler, W. F. 1967. Response of mountain grassland vegetation to clipping
in southwestern Montana. Ecol. 48:942-949.

Mueggler, W. F. 1972. Influence of competition on the response of bluebunch
wheatgrass to clipping. J. Range Manage. 25:88-92.

Mueggler, W. F. and W. P. Handle. 1974. Mountain grassland and shrubland
habitat types of western Montana. USDA For. Ser. Interm. For. and Range
Exp. Sta., Interim Rep. 89 p.

Mueggler, W. F. 1975. Rate and pattern of vigor recovery in Idaho fescue and
bluebunch wheatgrass. J. Range Manage. 28:198-204.

Ndawula-Senyimba, M. S., V. C. Brink, and A. McLean. 1971. Moisture intercep-

tion as a factor in the competitive ability of bluebunch wheatgrass. J.
Range Manage. 24:198-200.

29



Nielson, A. B. 1940. Management--a cure for overgrazed range. Amer, Soc.
Agron. J. 32:602-606.

Nowak, R. S. and M. M. Caldwell. 1984a. A test of compensatory photosynthesis
in the field: implications for herbivory tolerance. Oecol. 61:311-318.

Nowak, R. S. and M. M. Caldwell. 1984b. Photosynthetic activity and survival
of foliage during winter for two bunchgrass species in a cold-winter steppe
environment, Photosyn. 18:192-200.

0'Toole, J. J., T. E. Wessels, and K. L. Malaby. 1981. Trace element levels
and their enrichment processes in terrestrial vegetation. J. Plant Nutr.
3:397-407.

Owens, M. K. and H. G. Fisser. 1981. Phenology and culm weight variation
between two wheatgrass species: Agropyron smithii and A. spicatum.
P. 424-427. In:Smith, J. A. and V. W. Hays (eds.). Proc. VIX Intern,
Grassl. Congr. Lexington, Kentucky.

Packer, P. E. 1953. Effects of trampling disturbance on watershed conditionms,
runoff, and erosion. J. For. 51:28-31.

Parish, R. L. 1956. A study of medusahead rye, Elymus caput-medusae L.,
including some of the morphological and physiological factors influencing
its growth and distribution, and determining some methods for its control on
Idaho ranges. M.S. Thesis, Univ. of Idaho, Moscow. 79 p.

Passey, H. B. and V. K. Hugle. 1963a. Variation in bluebunch wheatgrass in
relation to environment and geographic location. Ecol. 44:158-161.

Passey, H. B. and V. K. Hugie. 1963b. Some plant-soil relationships on an
ungrazed range area of southeastern Idaho. J. Range Manage. 16:113-118.

Payne, G. F. 1960. Response of two range grasses to foliate removal. Montana
Acad. Sci. Proc. 19:126-129.

Pechanec, J. F. 1937. A comparison of some methods used in determining
percentage utilization of range grasses. J. Agr. Res. 54:753-756.

Pechanec, J. F., B. D. Pickford, and G. Stewart. 1937. Effects of the 1934
drought on native vegetation of the upper Snake River Plains, Idaho. Ecol.
18:490-505.

Pechanec, J. F., G. Stewart, and J. P. Blaisdell. 1944, Sagebrush burning--
good and bad. USDA Farmer's Bull. No. 1948. 34 .p.

Peek, J.M., R. A. Riggs, and J. L. Lauer, 1979. Evaluation of fall burning on
bighorn sheep winter range. J. Range Manage. 32:430-432.

Perez-Trejo, F., D. D. Dwyer, and K. H. Asay. 1979. Forage quality of an
Agropyron repens x A. spicatum hybrid. J. Range Manage. 32:387-390.

30



Pfister, R. D., B. L. Kovalchik, S. F. Arno, and R. C. Presby. 1977. Forest
habitat types of Montana. USDA For. Ser. Tech. Rep. INT-34. 194 p.

Pickford, G. D. 1932. The influence of continued heavy grazing and of
promiscuous burning on spring-fall ranges in Utah. Ecol. 13:159-171.

Pickford, G. D. 1940. Range survey methods in western United States. Herb.
Rev. 8:5.

Pickford, G. D. and E. H. Reid. 1948. Forage utilization on summer cattle
ranges in eastern Oregon. USDA Circ. 796.

Piemeisel, R. L. 1951, Causes affecting change and rate of change in a
vegetation of annuals in Idaho. Ecol. 32:52-72.

Piemeisel, R. L. and J. C. Chamberlain, 1936. Land improvement measures in
relation to a possible control of the beet leafhopper and curleytop. USDA
Circ. 416. 27 p.

Pitt, M. D. 1986. Assessment of spring defoliation to improved fall forage
quality of bluebunch wheatgrass (Agropyron spicatum). J. Range Manage.
39:175-181.

Plummer, A. P. 1943. The germination and early seedling development of twelve
range grasses. Amer. Soc. Agrom. J. 35:19-34.

Pluminer, A. P., A. C. Hull, Jr., G. Stewart, and J. H. Robertson. 1955.
Seeding rangelands in Utah, Nevada and southern Idaho, and western Wyoming.
USDA Handbook 73. 71p.

Poulton, C. E. 1955. Ecology of the non-forested vegetation in Umatilla and
Morrow Counties, Oregon. Ph.D. Thesis. Washington State Univ., Pullman.

Quenet, R. W. 1974. Growth simulation of trees, shrubs, grasses and forbs on
a big-game winter range. Ph.D. Thesis, Univ. of British Columbia (Diss.
Abstr. 34:5953).

Quinton, D. A., A. McLean, and D. G. Stout. 1982. Vegetative and reproductive
growth of bluebunch wheatgrass in interior British Columbia. J. Range
Manage. 35:46-51.

Raleigh, R. J. 1970. Symposium on pasture methods for maximum production in
beef cattle; manipulation of both livestock and forage management to give
optimum production. J. Animal Sci. 30:108-114.

Rasmussen, L. H. 1954. Bluebunch wheatgrass (égropyron spicatum). Cow
country. 81:20.

Richards, J. H. and M. M. Caldwell. 1981. Effects of clipping on belowground
parts of two arid land bunchgrasses, Agropyron spicatum and A. desertorum.
[Abstract] Bull. of the Ecol. Soc. Amer. 62:163.

31



Richards, J. H. and M. M. Caldwell. 1982. Functional and morphological
characteristics of Agropyron desertorum plants that contribute to its
grazing tolerance. Soc. for Range Manage. Abstr. of 35th Annual Meeting.
Calgary, Alberta., p. 17.

Richards, J.H. 1984. Root growth response to defoliation in two Agropyron

bunchgrasses: field observations with an improved root periscope. Oecol.
64:21-25.

Richard, J. H. and M. M. Caldwell. 1985. Soluble carbohydrates, concurrent
photosynthesis and efficiency in regrowth following defoliation: a field
study with Agropyron species. J. Appl. Ecol. 22:907-920.

Rickard, W. H., D. W. Uresk, and J. F. Cline. 1975. Impact of cattle grazing
on three perennial grasses in south-central Washington. J. Range Manage.
28:103-112.

Rickard, W. H., J. D. Hedlund, and R. E. Fitzner. 1977a. Elk in the shrub-
steppe region of Washington: an authentic record. Sci. 196:1009-1010.

Rickard, W. H., D. W. Uresk, and J. F. Cline. 1977b. Productivity response to
precipitation by native and alien plant communities. p. 1-7. In: Proceed-
ings of the symposium on terrestrial and aquatic ecological studies of the
northwest, E. Wash. State College. Cheney, Washington. March 26-27, 1976.

Rickard, W. H. 1985. Biomass and shoot production in an undisturbed
sagebrush-bunchgrass community. N.W. Sci. 59:126-133.

Rickard, W. H. 1985. Experimental cattle grazing in a relatively undisturbed
shrubsteppe community. N.W. Sci. 59:66-72.

Risser, P. G. 1969. Competitive relationships among herbaceous grassland
plants. Bot. Rev. 35:251-284.

Roath, L. R. and W. C. Krueger. 1982. Cattle grazing influence of a mountain
riparian zone. J. Range Manage. 35:100-103.

Robertson, J. H. and L. A. Weaver. 1942. A new tetraploid wheatgrass from
Nevada. Torrey Bot. Club Bull. 69:434-437.

Robertson, J. H. and C. K. Pearse. 1945. Range reseeding and the closed
community. N.W. Sci. 19:58-66.

Robocker, W. C., D. H. Gates, and H. D. Kerr. 1965. Effects of herbicides,
burning, seeding date in reseeding an arid range. J. Range Manage.
18:114-118.

Rockie, W. A. 1939. Man's effects on the Palouse. Geog. Rev. 29:34-45.

Rosenquist, D. W. and D. H. Gates. 1961. Responses of four grasses at
different stages of growth to various temperature regimes. J. Range Manage.
14:198-202. y

32

B



Sampson, A. W. and A. Chase. 1927. Range grasses of Califormia. "Calif. Agr.
Exp. Sta. Bull. 430. 94 p.

Sampson, A. W., A. Chase, and D. W. Hedrick. 1951. California grasslands and
range forage grasses. Univ. Calif. Agr. Exp. Sta. Berkeley Bull. 724. 130

p.

Sauer, R. H. and D. W. Uresk. 1976. Phenology of steppe plants Artemisia
tridentata and Agropyron spicatum in wet and dry years. N.W. Sci.
50:133-139.

Sauer, R. H. 1978. Effects of removal of standing dead material on growth of
Agropyron spicatum. J. Range Manage. 31:121-122,

Schlatterer, E. F. 1972. Plant communities found in the Sawtooth, White
Cloud, Boulder and Pioneer Mountains. USDA For. Serv. Intermountain Region
(mimeo). 11 p.

Schlatterer, E. F. and M. Hironaka. 1972. Some factors influencing tolerance
to moisture stress of three range grasses. J. Range Manage. 25:364-367.

Schmisseur, E. and R. F. Miller. 1978. Economics of range fertilization in
eastern Oregon. Oregon State Univ., Agr. Exp. Sta. Circ. of Info. 673.
49 p.

Schmisseur, E. and R. F. Miller. 1980. Economics of spraying big sagebrush
communities of eastern Oregon. Oregon State Univ., Agr. Exp. Sta., Circ. of
Info. 686. 36 p.

Schumaker, G. A. and C. L. Hanson. 1977. Herbage response after mechanical
and herbicide treatment of big sagebrush in southwest Idaho. USDA Agr. Res.
Ser. AFS W-46. 15 p.

Sharp, L. A. and D. K. Sanders. 1978. Rangeland resources of Idaho. College
of For. Wildl., and Range Sci., Idaho Univ., Moscow. Misc. Publ., Idaho
Rangeland Comm. No. 6. 74 p.

Short, L. R. 1943. Reseeding to increase the yield of Montana rangelands.
USDA Farmer's Bull. 1924.

Skovlin, J. M. 1967. Fluctuations in forage quality on summer range in the
Bl‘l.le HountainS. USDA For. Sew. Res. PBP. PNW—‘M. 20 Pe

Skovlin, J. M., R. W. Harris, G. S. Strickler, and G. A. Garrison. 1976.
Effects of cattle grazing methods on ponderosa pime-bunchgrass range in the
Pacific Northwest. USDA For. Ser. Tech. Bull. 153. 40 p.

Slauger, B. 1951. Bluebunch wheatgrass (Agropyron spicatum). Montana
Stockgrower 23:12.

33



Smich, D. C. 1944. Pollination and seed formation in grasses. J. Agr. Res.
68:79-95.

Spilsbury, R. H. and E. W. Tisdale. 1944, Soil-plant relationships and
vertical zonation in the southern interior of British Columbia. Sci. Agr.
24:395-436.

Sneva, F. A. 1963. A summary of range fertilization studies: 1953-1963.
Oregon Agr. Exp. Sta. Spec. Rep. 155. June 1963.

Sneva, F. A. 1971. Progress Report. Squaw Butte Agr. Exp. Sta., Burms. 109
p.

Sneva, F. A. 1972. Grazing return following sagebrush control in eastern
Oregon. J. Range Manage. 25:174-178.

Sneva, F. A. 1980. Crown temperature of Whitmar wheatgrass as influenced by
standing dead material. J. Range Manage. 33.314-315.

Sneva, F. A. and D. N. Hyder. 1962, Estimating herbage production on semiarid
ranges in the intermountain region. J. Range Manage. 15:88-93.

Sneva, F. A. and D. N. Hyder. 1965. Yield, yield-trend, and response to
nitrogen of introduced grasses on the Oregon high desert. Oregon Agr. Exp.
Sta. Spec. Rep. 195. July 1965.

Sneva, F. A. and L. Rittenhouse. 1970. Annual report of range research.
Squaw Butte Exp. Sta., Burns, Oregon. 62 p.

Sneva, F. A., L. R. Ritﬁenhouse, P. T. Tueller, and P. Reece. 1984. Changes
in protected and grazed sagebrush-grass in eastern Oregon, 1937 to 1974.
Agr. Exp. Sta. Ore. State Univ. Sta. Bull. 663. 11 p.

Soil Conservation Service. 1980. Notice of release of 'Secar' bluebunch
wheatgrass. 23-24 p. In USDA Annual Tech. Rep. Washington Plant Materials
Center, Pullman, Washingtom.

Spraque, R. 1934. The association of Cercosporella herpotrichoides with the
Festuca consociation. Phytopath., 24:669-676.

Stark, R. H. 1946. Results of cultural trials in the establishment of
perennial forage species on abandoned farmland in southeastern Idaho. N.W.
Sei. 20:39-40.

Stark, R. H., A. L. Hafenrichter, and W. A. Moss. 1950. Adaptation of grasses
for soil and water conservation at high altitudes. Agron. J. 42:124-127.

Stark, R. H., J. L. Tocus, and A. L. Hafenrichter. 1946. Grasses and cultural

methods for reseeding abandoned farm lands in southern Idaho. Idaho Agr.
Exp. Sta. Bull. 367. 36 p.

34



Stewart, G. and A. C. Hull. 1949. Cheatgrass (Bromus tectorum L. ) an
ecologic intruder in southern Idaho. Ecol. 30: 58-74.

Stocker, R. K. 1976. A transplant study of high and low altitude populations
of eight perennial grasses and forbs. Ph.D. Thesis, Washington State Univ.,
Pullman, Washington. (Diss. Abstr. (B) 36:3749-3750.)

Stoddart, L. A. 1941. The Palouse grassland association of northern Utah.
Ecol. 22:158-163.

Stoddart, L. A. 1945. Chemical composition of wheatgrass (Agropyron spicatum)
and 1ts response to season. Farm and Home Sci. Utah. 6:5-15.

Stoddart, L. A. 1946. Some physical and chemical responses of Agropyron
spicatum to herbage removal at various seasons. Utah State Agr. College,
Agr. Exp. Sta. Bull. 324. 24 p.

Stoddart, L. A. 1946. Seeding arid ranges to grass, with special references
to precipitation. Utah Agr. Exp. Sta. Circ. 122.

Sturges, D. L. 1977. Soil moisture response to spraying big sagebrush the
year of treatment. J. Range Manage. 26:444-447.

Tidestrom, I. 1925. Flora of Utah and Nevada. Contrib. U.S. Nat. Herb.
Vol. 25:665.

Tisdale, E. W. 1947. The grasslands of the southermn interior of British
Columbia. Ecol. 28:346-382.

Tisdale, E. W. 1961. Ecological changes in the Palouse. Northwest Sci.
35:134-138.

Tisdale, E. W. 1979. A preliminary classification of Snake River Canyon
grasslands in Idaho. For., Wildl. and Range Exp. Sta., Univ. of Idaho,
Moscow. Sta. Note No. 32. 6 p.

Tisdale, E. W. 1982. Grasslands of western North America: the Pacific
Northwest Bunchgrass. p. 223-245. 1In: Nicholson, A. C., A. McLean, and T.
E. Baker (eds.). Grassland Ecol. and Classification Symp. Proc. Victoria,
B. c.

Treshow, M. and K. Harper. 1974. Longevity of perennial forbs and grasses.
Oikos 25:93-96.

Trlica, M. J. and C. W. Cook. 1971. Defoliation effects on carbohydrate
reserves of desert species. J. Range Manage. 24:418-424.

Trlica, M. J. and J. S. Singh. 1980. Translocation of assimilates and

creation, distribution and utilization of reserves. In: Herb. Abstr.
50:4738.

35



Uresk, D. W. and J. F. Cline. 1976. Mineral composition of three perennial
grasses in a shrub-steppe community in south-central Washington. J. Range
Manage. 29:255-256.

Uresk, D. W., J. F. Cline, and W. H. Rickard.. 1976. Impact of wildfire on
three perennial grasses in south-central Washingtom. J. Range Manage.
29:309-310.

Uresk, D. W. and W. H. Rickard. 1976. Diets of steers on a shrub-steppe
rangeland in south-central Washington: Artemisia tridentata - Agropyron
spicatum pasture. J. Range Manage. 29:464-466.

Uresk, D. W. and W. H. Rickard. 1976. Livestock forage and mineral relations
' on a shrub-steppe rangeland in northwestern United States of America. p.
2-6. In: International symposium on nuclear techniques in animal produc-
tion and health as related to the soil-plant system. Int. Energy Agency and
F.A.O0., U.N. held in Vienna. Intern. Atomic Energy Agency.

Uresk, D. W., W. H. Rickard, J. F. Cline, V. D. Charles, C. A. Lee, L. E.
Renda, L. F. Nelson, and M. A. Combs. 1976. Seasonal dynamics of nitrogen
and phosphorus in bluebunch wheatgrass. Pac. Northwest Lab Annual Rep.
U.S.E.R.D.A. Div. Biomed. Enviorn. Res. 1975. (pt. 2). p. 193.

U.S. Department of Agriculture. 1936. The vegetation factor in erosion
control: Agropyron spicatum. Herb. Rev. 4:19.

U.S. Forest Service. 1937. Range Plant Handbook. USDA. U.S. Govt. printing
office. Wash., D.C. 4 sections.

Vogel, W. G. 1963. Planting depth and seed size influence emergence of
beardless wheatgrass seedlings. J. Range Manage. 16:273-275.

Volland, L. A. 1976. Plant communities of the central Oregon pumice zone.
USDA For. Serv. Pac. N.W. Reg., Portland. R-6 Area Guide 4-2. 113 p.

Wwallace, J. D., C. B. Rumburg, and R. J. Raleigh. 196l1. Evaluation of range
and meadow forages at various stages of maturity and levels of nitrogen
fertilization. Oregon Agric. Exp. Sta. Tech. Pap. No. 1426. 6 p.

Wallace, J. D., R. J. Raleigh, and C. B. Rumburg. 1966. Digestibility of
chemically cured range forage. Proc. West. Sec. Am. Soc. Animal Sci.
17:385-390.

Warg, S. A. 1938. Life history and economic studies on Bromus tectorum. M.S.
Thesis, State Univ. of Montana, Missoula.

Washington Agriculture Experiment Statiomn. 1932. Annual report for the fiscal
year ended June 30, 1932. Bull. 255.

Weaver, J. E. 1915. A study of the root systems of prairie plants of south-
eastern Washington. Plant World 18:227-282.

36



Weaver, J. E. 1917. A study of the vegetation of southeastern Washington and
adjacent Idaho. Univ. Nebraska Studies. 17:114.

Weaver, J. E. and F. E. Clements. 1939. Plant Ecology. 2nd edition. McGraw
Hill Book Co. New York. 601 p.

Weaver, J. E. and F. W. Albertson. 1943. Resurvey of grasses, forbs, and
underground plant parts at the end of the great drought. Ecol. Monogr.
13:64-117.

Weaver, T. 1978. Root distribution and soil water regimes in nine habitat
types of the northern Rocky Mountains. Range Sci. Dept., Colorado State
Univ., Fort Collins. Sci. Ser., No. 26. 239-244 p.

West, N. E., R. J. Tausch, K. H. Rea, and P. T. Tueller. 1978. Phytogeo—-
graphical variation within pinyon-juniper woodlands of the Great Basin.
Pp. 119-136. 1In K. T. Harper and J. L. Reveal (eds.). Intermountain
Biogeography: K_bymposium. Great Basin Nat. Memoirs 2, Brigham Young
Univ., Provo, Utah.

Wight, J. R. and L. M. White. 1974. Interseeding and pitting on a sandy range
site in eastern Montana. J. Range Manage. 27:206-210.

Willms, W. and A. McLean. 1978. Spring forage selection by tame deer on big
sagebrush range, British Columbia. J. Range Manage. 31:192-199.

Willms, W., A. McLean, R. Tucker and R. Ritchey. 1979. Interactions between
mule deer and cattle on big sagebrush range in British Columbia. J. Range
Manage. 32:299-304.

Willms, W., A. W. Bailley, and A. McLean., 1980a. Some effects of soil and air
temperature on growth of Agropyron spicatum following clipping or burning.
Can. J. Bot. 58:568-588.

Willms, W., A. W. Bailey, and A. McLean. 1980b. Effects of clipping or
burning on some morphological characteristics of Agropyron spicatum. Can,
J. Bot. 58:2309-2312.

Willms, W., A. W. Bailey, and A. McLean. 1980c. Effects of burning or
clipping Agropyron spicatum in the autumn on the spring foraging behavior of
mule deer and cattle. J. Appl. Ecol. 17:69-84.

Willms, W., A. W. Bailey, A. McLean and C. Kalin. 198la. Effects of chemical
constituents in bluebunch wheatgrass in spring. J. Range Manage.
34:267-269.

Willms, W., A. W. Bailey, A. McLean, and R, Tucker. 1980d. The effects of

fall grazing or burning bluebunch wheatgrass range on forage selection by
deer and cattle in spring. Can. J. Animal Sci. 60:113-122.

37



Willms, W., A. W. Bailey, A. McLean, and R. Tucker. 1981b. The effects of
fall defoliation on the utilization of bluebunch wheatgrass and its
influence on the distribution of deer in spring. J. Range Manage. 34:16-18.

Willms, W., A. McLean, and C. Kalin. 1980e. Nutritive characteristics of
grasses on spring range in south central British Columbia in relation to
time, habitat and fall grazing. Can. J. Plant Sci. 60:131-137.

Wilson, A. M., G. A. Harris, and D. H. Gates. 1966a. Fertilization of mixed
cheatgrass-bluebunch wheatgrass stands. J. Range Manage. 19:134-137.

Wilson, A. M., G. A. Harris, and D. H. Gates, 1966b. Cumulative effects of
clipping on yield of bluebunch wheatgrass. J. Range Manage. 19:90-91.

Wilson, A. M., D. E. Wondercheck, and C. J. Goebel. 1974. Responses of range
grass and seeds to winter environments. J. Range Manage. 27:120-122.

Winward, A. H. 1970. Taxonomic and ecological relationships of the big '
sagebrush complex in Utah. Ph.D. Thesis. Univ. of Idaho, Moscow. 80 p.

Winward, A. H. 1980. Taxonomy and ecology of sagebrush in Oregon. Ag. Exp.
Sta. Oregon State Univ. Sta. Bull. 642. 15 p.

Winward, A. H. and E. W. Tisdale. 1977. Taxonomy of the Artemisia tridentata
complex in Idaho. For., Wildl. and Range Exp. Sta. Univ. of Idaho. Bull.
19. 15 p.

Wright, H. A. and J. 0. Klemmedson. 1965. Effects of fire on bunchgrasses of
sagebrush-grass region in southern Idaho. Ecol. 46:680-688.

Wright, H. A., L. F. Neuenschwander, and C. M. Britton. 1979. The role and
use of fire in sagebrush-grass and pinyon-juniper plant communities. USDA
For. Ser. Gen. Tech. Rep. INT-58. Sept. 1979.

Wright, J. C. and E. A. Wright. 1948. Grassland types of south central
Montana. Ecol. 29:449-460.

Wyoming Agricultural Experiment Station. 1960. Range research progress
report. Mimeo Circ. 145. 31 p.

Young, J. A., R. E. Eckert, Jr., and R. A. Evans. 1981. Temperature profiles
for germination of bluebunch and beardless wheatgrasses. J. Range Manage.
34:84-89.

Young, J. A., R. A. Evans and R. E. Eckert, Jr. 1969. Wheatgrass establish-
ment with tillage and herbicides in a mesic medusahead community. J. Range
Manage. 22:151-155.

Young, P. A. 1937. Natural infection of grasses with Puccinia graminis.
Phytopath. 27:1028.

38



Young, V. A. 1943. Changes in vegetation and soil of Palouse prairie caused
by overgrazing. J. For. 41:834-838. i

Zamora, B. and P. T. Tueller. 1973. Artemisia tridentata arbuscula, Artemisia
longiloba and Artemisia nova habitat types in northern Nevada. Great Basin
Naturalist 33:225-241. 3

39



