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INTRODUCTION
 

This handbook is intended to present ecological information about 98 of the more important species 
common Iy used in revegetation and reclama tion projects in the Western United States. For the pu rposes of 
this handbook, portions of North Dakota, South Dakota. Nebraska, Kansas, Oklahoma, Texas, and States 
west of those States, except Washington, Oregon, and California, are included in the Western United 
States. 

The species included in the handbook usually are important and commonly used for stabilizing and 
reclaiming surface mined and other disturbed lands. The recommendations for including these species 
came from a composite list from several university teachers and researchers, industry reclamation 
specialists. and others interested in, and familiar with, revegetation work in the Western United States. 

Species reviewed herein are suggested for use only in the reclamation and rehabilitation of disturbed 
lands on suitable sites and accompanied by skillful management. Some may be weedy or too aggressive for 
adjacent croplands, particularly in predominantly farming communities or where croplands constitute 
significant portions of watersheds being revegetated. Certain species, e.g., prostrate summercypress 
(Kochia prostrafa), are still in the testing stages of use and require careful control to avoid undesirable 
escape and spread onto better condition rangelands. Some plants may be poisonous or toxic to animal life 
and the user should obtain further information concerning the safe grazing/browsing of such materials 
before using them. 

The approach of the handbook is to present ecological descriptions of the species. The ecological 
information includes both autecology and synecology. In most species descriptions, the autecological 
information is more complete than is the synecological information. 

The condensed autoecological information given concentrates on species adaptation to site conditions 
and to the cultural techniques necessary to successfully plant and grow the species. 

Each species description in the handbook includes the following information: 

1.	 ORIGIN - the geographic area where the plant is indigenous. 

2.	 SPECIES CHARACTERISTICS - major growth and morphological characteristics. 

3.	 ENVIRONMENTAL RELATIONSHIPS - major soils relationships, climatic adaptations, 
geographic distribution, and related habitat relationships. 

4.	 CULTURE - planting depth. rate. and time; seed cleaning and quality; and germination and 
seedling characteristics. 

5.	 MANAGEMENT - uses and field management techniques. 

6.	 ASSOCIATED SPECIES - synecology of the species. 

7. PESTS AND DISEASES - identification of common insect and disease pests. 

8.	 IMPROVED VARIETIES - major released improved varieties and their important characteris
tics. 

9.	 REFERENCES - references used in developing the species description. 

The phraseology style of the species descriptions is intended to maximize the information content in a 
limited number of pages. For the purpose of this handbook, we felt the information content was more 
important than the style. The literature cited section was similarly constrained to maximize information In 
minimum space. 

The illustrations and text descriptions of species are to assist the reader in the identification of species 
and depict their general appearance. The insets are included to illustrate some of the more prominent 
identifying characteristics of the species. The purpose of the handbook, however, is not for identification 
~r se. It is to assist the reader in a better understanding of the ecology and culture of the species. 
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The United States distribution maps are included to indicate the general distribution of native species 
and areas where exotic species can be used or in which they are naturalized. The date on the distribution 
maps indicate isolated or disjunct population distributions. The general character of habitats where the 
species occurs is thus generally indicated. More specific information is found in the text. 

The growth form illustrations are included to show the general outline and overall appearance of the 
shrubs and trees. In a few cases, we were unable to obtain adequate samples or photographs forthe growth 
form illustrations. 

In the handbook, subspecies are identified by the name (genus, species, sUbspecies) in italics. Named 
varieties are usually cultivars formally tested, named, and released for production by the U.S. Soil 
Conservation Service solely, or in cooperation with, other State and Federal agencies. Named varieties are 
identified by 'Name'. 

Abbreviations used in the text are as noted below. These were used to conserve space in the text and 
probably are somewhat familiar to most readers. 

dbh - diameter breast height, tree diameter at 4.5 ft height 

EC - electrical conductivity, a standardized measure of soil salinity 

MAP - mean annual precipitation 

PLS - pure, live seed; excludes impurities and nonviable seed 

1-1 - first number is years in seedbed (greenhouse or shadehouse); second number is years 
transplants are grown in nursery or field plots to produce larger plants 

C-3,C-4 - pathways of carbon synthesis in plants 

Numerous regional and local revegetation/plant materials guides contain helpful, condensed matrix 
summaries of species characteristics; soil and climatic adaptations; and potential uses of the many native 
and introduced graminoids, forbs, legumes, shrubs, trees, and vines. Refer to the following concerning 
plant materials for your area and/or consult with specialists in State experiment stations, the USDA 
Agricultural Research Service, the U.S Forest Service, and the U.S Soil Conservation Service, including 
managers of the several plant materials centers of the latter agency. 

The Plant Information Network, a computer-based data bank containing rapidly retrievable 
information, useful to reclamation planners, about native and naturalized vascular plants in the 
States of Colorado, Wyoming, and Montana. (Write to Plant Information Network, Western Energy 
Land Use Team, U.S. Fish and Wildlife Service, 2625 Redwing Road, Ft. Collins, CO 80526 for a guide 
for using this information retrieval system.) 

Thornburg, A. A. 1982. Plant materials for use on surface-mined lands in arid and semiarid regions. 
U.S. Dept. Agr., Soil Conservation Service Pub. SCS-TP-157, EPA-60017-79-134. For sale by U.S, 
Supt. of Documents, Washington, DC 20402. 

Plummer, A. P, D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah 
Div. Fish and Game Pub!. 68-3, Salt Lake City, UT 84100. 

Rock, H. W. 1981. Prairie propagation handbook. For sale byWehr Nature Center, Hales Corners, W I 
53130. 

Shaw, A. F., and C. S. Cooper. 1973. The interagency forage, conservation, and wildlife handbook. 
Montana State Univ. Ext. S·erv., Bozeman, MT 59715. 

Vallentine, J. F. 1971. Range development and improvements. For sale by Brigham Young Univ. 
Press, Provo, UT 84601. 

Vogel, W. G 1981. A guide for revegetating coal minesoils in the Eastern United States. U.S. Dept. 
Agr. Forest Service General Technical Report NE-68. Available from the Northeastern Forest 
Experiment Station, Upper Darby, PA 19082. 
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DESERT WHEATGRASS OR STANDARD CRESTED WHEATGRASS 
Agropyron desertorum (Fisch.) Schult 
[= A. pectiniforme Roem & Schult (1)] 

ORIGIN 

Introduced from Russia, Siberia, and central Asia See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Coo! season, long-lived, perennial bunchgrass of the C-3 type. Typically grows in widely-spaced bunches 
in dry sites or nearly as a sod in moister areas. Deep, finely-branched, fibrous root system resistent to 
drought, soil erosion, and uprooting. Seedheads distinctively different from other perennial wheatgrasses, 
except for others of the "crested wheatgrass complex." 

Culms erect, 1 to 3 feet tall. Numerous green to dark green, mostly basal leaves with slender, 
pointed auricles and a short membranous ligule. Inflorescence a short, dense tassle- or 
crest-shaped spike, 1 1/2 to 3 inches long. Crowded spikelets overlap and diverge from 
spike's axis and are three to eight-flowered. Lemmas enveloping seeds and mostly awnless 
(1) . 

Starts growth in early spring, varying with latitude and elevation; makes most of vegetative growth before 
June, matures in early to midsummer, and becomes semidormant until cooler and/or damper weather. 
Makes fairly good regrowth in fall with adequate moisture. Medium palatability to livestock while green, 
less so after heading; fair palatability to elk yearlong; poor palatability to deer but herds sometimes 
concentrate on seeded stands in spring (2). 

ENVIRONMENTAL RELATIONSHI PS 

Thrives on moderately deep and semifertile loam soils in cool, semiarid areas; much less productive on less 
fertile, thin, gravelly, sandy, and clayey soil. Good drought tolerance and excellent winter hardiness; less 
tolerant of droug ht com bi ned with hig h temperatures of southern latitudes and lower elevations. Pers istent 
where frost-free (32 0 F) growing season is less than 120 days. Well-managed stands have longevities of 30 
years or longer in intermountain region and over 50 years in the northern Great Plains. Demands moderate 
fertility; plants soon become unth rifty in dense stands without persistent legumes in the mixture or nitrogen 
fertilization (3). Adapted to weakly acidic and moderately saline soils. Declines only 25 percent at E.C. =10 
mmhos/cm (4). Adaptation largely governed by effective precipitation or soil moisture. Generally adapted 
to the 9 to 15 inches MAP zon es but used in less arid sites and with intensive cu Itu re in the 5 to 9 in ches MAP 
zone (5). Seeded on selected sites in the central Rocky Mountains up t09,000 feet in elevation but generally 
not below 5,000 feet in Arizona and New Mexico. Intolerant of spring flooding for periods longer than 2 
weeks and not tolerant of high water table. Fai r tolerance to partial shade, less tolerant than Fairway crested 
wheatgrass (A. cristatum); neither very persistent in dense brush or aspen. Withstands burning well in the 
dormant state. Moderately competitive but compatible with legumes and other cool season grasses not 
greatly different in aggressiveness or palatability (2). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed in a firm seed bed at 1/2 to 3/4 inch depths on loams; up to 1 inch deep on coarser, drier, or looser 
seedbeds; and 1/4 inch deep on clayey soils (6). Cover broadcasted seed shallowly with soil. Supplemental 
mUlching aids establishment on steep, erosive sites (6). Fertilizers also may be needed on cut and fill 
materials. Drill seeding rates of 20 to 25 PLS per sq uare foot usually needed for min imum satisfactory stand 
o~ 1 to 2 established plants per square foot on semiarid rangelands (7). Commonly used rates vary from 5to 
10 pounds PLS per acre for semiarid to subhumid sites. Use 50 to 100 percent more seed when 
broadcasting and for mine spoils reclamation and soil stabilization, especially where quicker protective 
C?ver is needed on harsh sites and on south and west-facing exposures. Denser plant populations from 
higher seeding rates provide quicker cover, otten take longer to become fully established, with production 
about the same from all stated rates after stands fully established (8). Seed preferably before or very early 
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during the 2-month period with most favorable soil moisture and temperature for rapid germination and 
seedling growth and establishment. Options vary witr, locality, region, and elevation: late fall, early spring, 
late summer-early fall (Aug. to Sept.); either mid-June to mid-July or after start of the summer rainy period 
in the Southwestern Pine Zone; and June in higher mountainous areas (8,9,10). 

Seed Cleaning and Quality 

Combine seed in stiff dough stage; greatly reduce combine's wind blast. Clean seed in a fanning mill 
equipped with a top screen having 1/4 to 1/8 inch oblong openings and a 6 x 26- or 4 x 26-mesh bottom 
screen. Seed quality: 95 percent pu rity; 85 percent germi nation; 81 percent PLS; and 155,000-175,000 seed 
per pound. High viability is retained for 4 to 5 years. 

Germination and Seedling Characteristics 

Seed germinate in 14 days. PrechilJing and germinating in KN03 substrate aids in breaking dormancy in 
seed testing. Chilling, wetting or soaking in water, and brief exposure to dry atmosphere hasten 
germination. Seedling vigor good and nearly equal to smooth brome (Bromus inermis) and cheatgrass 
brome (B. tectorum). Seedlings have lateral seminal roots, elongating coleoptiles. and deep adventitious 
roots, characteristics uniquely adapted to semiarid environments. Fungicidal seed treatment aids in 
controlling seed-borne seedling diseases. Germination is delayed and reduced on saline soils. 

MANAGEMENT 

Species is seeded for nonirrigated pasture and hay; landscaping; wildlife food and cover; and for the 
stabilization of roadsides, utility lines, industrial sites, and mine spoils. Upland birds use stands for food, 
cover, and nesting. Small seeded areas often attract wildlife. May need to seed less palatable species 
and/or fence high volume traffic areas. Weeds need to be suppressed on new seedings; herbicides are more 
effective than mowing. Stands more efficiently managed when fenced separate from native rangelands. 
Rotation spring grazing using only 65 percent of herbage reported to be best management for stands in 
intermountain region (11). Two-crop management system advocated where climate favors abundant fall 
regrowth. Spring and fall grazing of seeded stands complements summer use of Great Plains grasslands 
and permits their improvement by resting them during critical growth-cycle periods. 

ASSOCIATED SPECIES 

Compatible in simple mixtures with other grasses, legumes, forbs, and/or shrubs which may add diversity 
in cover, diet, and nutrients while providing greater protection against environmental stresses. Better 
establishment obtained when strongly competitive members of mixtures, such as legumes and shrubs, or 
cereal grains used for companion crop, are in alternate rows with grasses. Greater longevity usually 
expected when species used in seedi ng mixtu res are of similar palatability and phenology. Species is often 
seeded alone; dense stands suppress annual and many herbaceous weeds. Single species stands require 
fertility management program. 

PESTS AND DISEASES 

Grasshoppers, rodents, and sometimes rabbits reduce stands and forage crop. The black grass bug 
(Labops hesperius) lays eggs in stems, and the larvae damage both the stand and forage crop. 

IMPROVED VARIETIES 

'Nordan', selected for superior seed and seedling vigor characteristics, was developed and released from 
North Dakota. 

'Summit' is a Canadian release, reported to be taller, larger seeded, and more productive than Fairway 
crested wheatgrass in western Canada. 
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Crested wheatgrass or Fairway crested wheatgrass
 
Agropyron cristatum (L.) Gaertn.
 

Introduced from Siberia via Canada. Similar to desert wheatgrass but plants are shorter and broader based; 
lemmas are mostly awned, seeds smaller, and leaves hairier. It has a weakly sodding growth form, is earlier 
maturing, and often less productive. It is more commonly used for soil stabilization, game range 
restoration, dryland lawns, and golf courses. Slightly more shade, moisture, and cold tolerant: it is used at 
higher elevations and in areas with open brush and open aspen. Reported to have slightly less seedling 
vigor and fire tolerance but si milar in palatability and nutritive value and sometimes better. Cultu re is same 
as for desert wheatgrass. 

'Ruff'	 is a cultivar developed in Nebraska from several sources of Fairway. 

'Parkway', a taller, nonturf variety, was developed in Canada. 

Siberian wheatgrass
 
Agropyron sibiricum (Willd.) Beauv.
 

Introduced from U.S.S.R. Similar to desert wheatgrass but has finer stems; fewer, blue-green, lax, mostly 
stem leaves; narrower and flatter spikes; and mostly awnless glumes and lemmas. Growth and use 
characteristics also similar except it is tolerant of lighter textured soils and drier sites. Has good seedling 
vigor. More productive than 'Nordan' in more arid regions; 'Nordan' excels with ample moisture. Grows ito 
2 weeks later into summer before maturing, providing later forage. Same culture applies. P-27 cultivar was 
developed from selected clones in Aberdeen, Idaho and Pullman, Washington, plant materials nurseries. 

REFERENCES 

(1)	 Cronquist, A., A. H. Holmgren, N. H. Holmgren, J. L. Reveal, and P. K. Holmgren. 1977. Intermountain flora Vol. 6, 
The Monocotyledons. Columbia Univ. Press, N.Y. 584 pp. 

(2)	 Shaw, A. F., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation, and wildlife handbook, 
Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(3) Lorenz, R.J.,	 and G. A. Rogier. 1962. Methods ot renovating old stands of crested whealgrass, J. Range 
Manage. 15215-219. 

(4) Bernstein, L. 1964. Salt tolerance of plants. U.S. Dept. Agr. Info. Bull. 283:10-12 

(5)	 Lang, R., F. Rauzi, W.Seamands,and G. Howard. 1975. Guidelines for seeding range, pasture, and disturbed lands. 
Wy. Agr. Exp. Sta. Bull. 621. 11 pp. 

(6)	 Terwilliger, C., Jr., C. W. Cook, and P. L. Sims. 1974. Ecosystems and their natural and artificial rehabilitation. 
Pages 67-97 in C. W. Cook, stUdy coordinator. Surface rehabilitation of land disturbances resulting from oil 
shale development. Colo. State Univ. Env. Res. Ctr. Tech. Rep. 1, Ft. Collins, CO. 255 pp. 

(7) Vallentine, J. F. 1971. Range development and improvements. Brigham Young Univ. Press. Provo, UT. 516 pp. 

(8)	 McGinnies, W. J. 1960. Effect of planting dates, seeding rates, and row spacings on range seeding results in 
western Colorado. J. Range Manage. 13:37-39. 

(9)	 Plummer, A. P., A. C. Hull, Jr., G. Stewart, and J. H, Robertson. 1955. Seeding rangelands in Utah, Nevada, southern 
Idaho, and western Wyoming. U.S. Dept. Agr., Agr. Handb. 71.73 PV 

:0) Lavin, F" and H. W. Springfield. 1955. Seeding in the Southwestern Pine Zone for forage improvement and soil 
protection. U.S. Dept. Agr., Agr. Handb. 89 52 pp. 

1)	 Frischknecht, N, C., and L. E. Harris. Grazing intensities and systems ot crested wheatgrass; responses of 
vegetation and cattle. U.S. Dept. Agr. Tech. Bull. 1388,47 pp. 
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Figure 1. Desert or standard crested wheatgrass (Agropyron desertorum). Plant x 1/2; spikelet x 5; 
floret x 5. 
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THICKSPIKE WHEATGRASS 
Agropyron dasystachyum (Hook.) Scribn. 

ORIGIN 

Native of western U.S. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Drought-tolerant, cool season, long-lived. perennial sod-former at the C-3 type. Very simiiar to western 
wheatgrass (A. smithii) in life-form and appearance. 

Single stemmed to small tufted, up to 3 feet tall, with widely spreading rhizomes. Root 
system dense fibrous, and including rhizomes that are somewhat shaliow. Leaf blades 
narrow, usually inrolled and scabrous, mostly green but sometimes blue-green with 
relatively less conspicuous upper surface veins. Auricles pointed and semiclasping. 
Inflorescence an erect, terminal spike up to 8 inches in length. Spikelets irregularly 
flattened toward spike's axis, sometimes plump and divergent, about 1/2 inch long and 
three to eight-flowered. Glumes broadest at or above their middle (broadest at the base in 
western wheatgrass), pubescent and acute-tipped. Lemmas 3/8 inch long, usually hairy 
and acute- or awn-tipped (1). 

Starts growth in spring and matures about 3 weeks earlier than western wheatgrass. Palatability good in 
summer and fair in winter to cattle, good palatability to elk yearlong, but only fair palatability to deer in 
spring. Makes fair summer and good fall regrowth. 

ENVIRONMENTAL RELATIONSHIPS 

Most common on medium to coarse-textured soils, including sandy soils, but considered adapted for 
seeding on clayey soils. Tolerant of weakly saline soils. Occurs on well-drained sites with water tables at 3 
feet or greater depths but moderately tolerant of early spring flooding. Demands fair level of fertility; full 
stands become sodbound and less productive in 3 to 5 years. Moderately shade and grazing-tolerant. 
Native stands occur in the 6 to over20 inches MAP zones; seeded strains believed best adapted tothe 12 to 
18 inches zone but also used in the below 10 inches zone. Widp. elevational occurrence from near sea level 
about Great Lakes up to 10,000 feet in the Wasatch Range in Utah (2). Remarkaoly fire-tolerant; remains 
green much of summer; low growing and less of a fire hazard than taller species, but soon spreads and 
dominates ground cover after planned sagebrush-grass fires (3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/2 inch deep on fine-textured soils and up to 1 inch deep on coarser soils. Firming seedbeds 
before seeding is beneficial. Cover broadcasted seed shallowly with soil. Supplemental mulch and light 
irrigation on erosive and droughty sites ensure better establishment. About 20 to 25 PLS per square foot 
usually need ed to obtai n 1 to 2 plants per sq ua re foot. Fewer seeds with rhizo matou s speci es may suffi ce if 
erosion and weed infestations are not serious hazards during longer establishment period. Five to ten 
pounds PLS per acre are used for rangeland areas. Rate sh au Id be increased 100 pe rcent for broadcasting 
with this species. About 50 PLS per foot of row used in tests on surface-disturbed lands in western 
Colorado; similar amounts used for harsh sites and south and west exposures (4). Drill seed either in early 
spring, late fall, or late summer-early fall (Aug.-Sept.) with ample moisture. Usually seed prior to the 2
month period with the most favorable moisture and temperature conditions forseedling establishment (cf. 
desert wheatgrass. A. desertorum, for alternatives). 

~d Cleaning and Quality 

C0':lbi ne seed directly. Use fann ing mill to clean seed to com mercial quality. Seed quality: 85 to 90 percent 
punty; 88 to 90 percent germination; 75 to 81 percent PLS; and 150,000 to 156,000 seed per pound. 
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Germination and Seedling Characteristics 

Germination occurs in 21 days under ideal lab conditions. Prechilling seed improves germination. Seedling 
vigor for the species is only fair, better than western wheatgrass but weaker than desert wheatgrass and 
intermediate wheatgrass (A. intermedium). 'Critana:' variety reported to be good. Species spreads rather 
slowly in developing full stands; 'Critana' reported to be much im proved. The earl ier a fu II sta nd is attai ned, 
the sooner the stand becomes low-producing and sodbound and in need of nitrogen (5). 

MANAGEMENT 

This species is considered a special purpose grass usable chiefly for soil stabilization of disturbed lands, 
including roadsides, airports, recreation areas, and construction sites receiving little maintenance; for drier 
partds of dbitches, cal1nadls, and waterd,",:,ays; aAnd ~dor min.e SPofilS. Ad's,O providdes gO?ld hUPland bf·ird Icover. wdeeds .1' 
nee to e contro e on new see rngs. VOl grazing 0 see Ing stan s untl t eyare Irm y roote and 
headed. Moderate spring-fall grazing and rotation grazing among spring units recommended for ranges in 
satisfactory condition. Deferred grazing only in fall prescribed to improve ranges in unsatisfactory 
condition (6). Conservative fertilization program needed to maintain high forage production when species 
seeded alone. 

ASSOCIATED SPECIES 

Common associates: big sagebrush (Artemisia tridentata) in the Great Basin; needle-and-thread (Stipa 
comata), sand dropseed (Sporobolus cryptandrus), and prairie sandreed (Calamovilfa tongifolia) on 
coarse-textured soils of the West; and bluebunch wheatgrass (Agropyron spicatum) and Idaho fescue 
(Festuca idahoensis) in the inland Pacific Northwest and westside Rocky Mountains. Often seeded alone 
but also used in mixtures for cover and/or forage. Seed the stronger competitors (e.g., alfalfa (Medicago 
sativa), shrubs, or grain) in alternate rows with grass. Species sometimes used as a spreading, undercover 
member in mixtures with taller species. 

PESTS AND DISEASES 

Grasshoppers may thin stands. Seed and seedling diseases minor. 

IMPROVED VARIETIES 

'Critana', only released cultivar, developed from plants growing on road cuts in northern Montana. 
Successfully used on mine spoils and for range seedings in Montana and Wyoming and on surface-soil 
disturbances in western Colorado (7). 

Streambank wheatgrass 
Agropyron riparium Scribn. and Smith 
[::: A. dasystachyum riparium (Scribn. & Smith) Bowden (1)] 

Similar in appearance to thickspike wheatgrass. Distinguished by mostly glabrous or smooth lemmas and 
by its common habitat of fine-textured soils. Moderately tolerant of saline-sodic soils and relatively 
unpalatable. Used for stabilizing disturbed soils and mine spoils; for ditch and canal banks, roadsides, 
fairways, and lawns; and to control rangeland erosion. 'Sodar', released in the Pacific Northwest, is widely 
used for low ground cover. Well adapted in the intermountain area. 'Critana' outperforms it east of the 
Continental Divide in the northern Great Plains (7). 

REFERENCES 

(1)	 Cronquist, A., A. H. Holmgren, N. H. Holmgren, J. L. Reveal, and P. K. Holmgren. 1977. Intermountain flora. Vol. 6. 
The monocotyledons. Columbia Univ. Press. NY. 584 pp. 

(2) Shaw, A. F., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation, and wildlife handbook. 
Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(3) Blaisdell, J. P. 1953. Ecological effects of the planned burning of sagebrush-grass range on the upper Snake River 
Plains. U.S. Dept. Agr. Tech. Bull. 1077. 39 pp. 
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(4)	 Sims, P. L., and E. F. Redente.1974. Revegetation of disturbed surface soils in various ecosystems of the Piceance 
Basin. Colo. State Univ. Env. Res. Center Tech. Rep. 5. Ft. Collins, CO. 157 pp. 

(5) Dubbs, A. L., R. T. Haroda, and J. R. Stroh. 1974. Evaluation ofthickspikewheatgrass fordryland pasture and range. 
Mont. Agr. Exp. Sta. Bull. 677. 19 pp. 

(6)	 Pechanec, J.F.. and G. Stewart. 1949. Grazing spring-fali sheep ranges of southern Idaho. U.S. Dept. Agr. Circ. B08. 
34 pp. 

(7)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA -600-7-79-134.88 pp. 
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Figure 2. Thickspike wheatgrass (Agropyron dasystachyum). Plant x 1/2; spikelet x 2; floret x 2; 
glumes x 2. 
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TALL WHEATGRASS 
Agropyron elongatum (Host.) Beauv. 

ORIGIN 

Indigenous to Turkey, Asia Minor, and Russia; common on saline meadows and seashores. See map for 
distribution in the U.S. 

SPECIES CHARACTERISTICS 

Coarse, cool season, tall bunchgrass of the C-3 type. Latest maturing cool season grass used for 
revegetation purposes in the West. 

Plants large-tufted and up to 5 feet tall or taller under irrigation. Leaf blades green or blue
green, flat or inrolled, about 1/4 inch wide, 8 to 16 inches long, strongly veined and sparsely 
haired. Auricles erect and not clasping. Inflorescence an erect spike as much as 30 inches 
long. Spikelets far apart at base of spike, upper ones overlapping slightly; flattened against 
spike's axis early, diverging in an arc upon drying; and 6 to 12-flowered. Glume with 
truncate (square) apices (rounded or abrunptly pointed in intermediate wheatgrass. A. 
intermedium); lemmas awnless (1). 

Starts growth and matures 1 to 3 weeks later than western wheatgrass (A. smithii). Makes good volume of 
summer regrowth and fair amount of fall regrowth with adequate soil moisture. Moderately palatable to elk 
in spring and fall but only fair palatability to livestock; cattle use it well before heading, but sheep graze in 
patches. Deepest and most productive root system among common salt-tolerant grasses (2,3). 

ENVIRONMENTAL RELATIONSHIPS 

Thrives on soils which vary from sandy to clayey; much less productive on clays and sands. Has been 
established on soils with a pH of 10.1 and has the highest tolerance of any cultivated grass to saline, saline
sadie, and nonsaline-sodic soils. Species only declined 10 percent in production at EC = 10 mmhos/cm (4). 
Moderate fertility demands; often becomes unthrifty in dense stands without legumes or fertilizers. Thrives 
under irrigation or subirrigation and conditions providing available moisture from spring throughout the 
summer. The species requires a minimum of about 14 or more inches MAP; optimum is 16 to 20 inches MAP 
on nonirrigated lands. It is recommended for seeding in the 5 to 9 inches MAP zone in Wyoming on salty, 
water accumUlation sites (5). Species has good winter hardiness; successfully planted between 500 and 
7,500 feet in elevation. Only fair shade to lerance. Good fire tolerance when dormant. Tolerates 5 to 7 weeks 
of early flooding, shallow water tables, and imperfectly drained sites, but intolerant of close, frequent 
grazing or defoliation (2,6). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/2 t03/4 inch deep on fine-textured soils, 1 to 11/2 inches deep on coarse-textured soils, or up to 
2 inches deep on drier and looser seedbeds (7). Use 6 pounds PLS per acre for drilling in 12 to 21 inch rows 
on semiarid rangelands and as much as 15 pounds PLS per acre in closely drilled rows on subirrigated land. 
Increase seeding rates 50 to 100 percent when broadcasting seed or for harsh erosove sites and south and 
west exposures. Seed before or very early in the 2-month period most favorable for rapid germination and 
seedling growth: late or early spring for northern and mountainous areas, spring on subirrigated sites; and 
Aug. 15-Sept. 15 below the 4,000 foot elevation in Great Basin and Pacific Northwest States (2). 

Seed Cleaning and Quality 

Cut seed with a binder in the soft dough stage or windrow and then combine Farm-type fanning mills used 
to clean seed to commercial quality. Seed quality: 90 to 95 percent purity; 85 to 90 percent germination; 77 
to 81 percent PLS; and 75,000 to 80,000 seed per pound. 
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Germination and Seedling Characteristics 

Seed germinate in 21 days under ideal conditions; prechilling hastens germination. Seedling vigor is good 
to very good. Stands usually established by the second and third seasons on irrigated and non-irrigated 
sites. 

MANAGEMENT 

Species widely used for seeding lands for pasture, hay, silage, and standing winter feed; also planted in drill 
strips for upland bird nesting sites, cover, and food. This grass is also used for stabilizing and reclaiming 
saline-sodic areas for other uses and for shoreline protection (2). Recently found useful as snow and wind 
barrier to drift snow and reduce wind erosion in croplands. Sometimes planted for calving and lambing 
cover. Herbicides usually most effective in controlling weeds in newly seeded stands but careful grazing 
suppresses grassy weeds. Otherwise, protect seedings from grazing until grass heads out and is well 
rooted. Species best seeded alone and fenced separately from other units for optimum management. 
Manage grazing and harvesting to maintain a 6-inch stubble. Mowing to a 10-inch stubble first year helps 
prevent too close grazing (6). Species fits well into long pasturing season rotations with earlier and later 
developing pastures. 

ASSOCIATED SPECIES 

Usually planted alone; where adapted, useful, and manageable, seed in mixture with alfalfa (Medicago 
sativa) or yellow sweetclover (Melilotus officina/is). Plant legume and grass in alternate rows where 
possible. 

PESTS AND DISEASES 

Insects not a problem. Gophers dislike species' coarse roots, Susceptible to leaf and stem rusts under moist 
and humid conditions but usually not a serious problem. Powdery mildew occurs with prolonged damp 
weather. 

IMPROVED VARIETIES 

'Alkar', developed in Washington, is a late maturing, coarse cultivar with blue-green leaves and a dense, 
highly productive root system. 'Jose' is a less coarse, earlier maturing cultivar released from New Mexico. 
'Largo', also from New Mexico, has been Widely used in the southern intermountain and Rocky Mountain 
States. 'Orbit' was selected for superior winter hardiness and released from Canada. 'Platte', a Nebraska 
release, was developed near Cheyenne, Wyoming (7). - 

REFERENCES 

(1)	 Cronquist, A., A. H. Holmgren, N. H. Holmgren. J. L. Reveal, and P. K. Holmgren. 1977. Intermountain flora. Vol. 6. 
The monocotyledons. Columbia Univ. Press, NY. 584 pp. 

(2)	 Hafenrichter, A. L., J. L. Schwendiman, H. L. Harris, R. S. MacLauchlan, and H. W. Miller. 1968. Grasses and 
legumes for soil conservation in the Pacific Northwest and Great Basin States. U.S. Dept. Agr., Agr. Handb. 339. 
69 pp. 

(3) Robertson, J. H. 1955. Penetration of roots of tall wheatgrass in wet saline-alkali soil. Ecology 36:755-757. 

(4) Bernstein, L. 1964. Salt tolerance of plants. U.S. Dept. Agr. Inform. Bull. 283:10-12. 

(5)	 Lang, R., F. RauZi. W. Seamands, and G. Howard. 1975. Guidelines for seeding range, pasture and disturbed lands. 
Wy. Agr. Exp. Sta. Bull 621. 11 pp. 

(6)	 Shaw, A. R., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation, and Wildlife hand
book. Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(7) Kilcher, M. R. and T. Lawrence. 1970. Emergence of Altai wild rye and other grasses as influenced by depth of o 

seeding and soil type. Canadian J. Plant Sci. 50:475-479. 
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(l~gUre 3. Tall wheatgrass (Agropyron elongatum) (after Hafenrichter et al. 1968). Plant x 2/5; closeup 

gule, aUricle) x 4 1/3; floret x 2 1/2; spikelet x 3 1/2. 
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INTERMEDIATE WHEATGRASS 
Agropyron intermedium (Host.) Beauv. 

ORIGIN 

Native of U.S.S.R., around the Black Sea, and Manchuria. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool season, open sod former of the C-3 type. 

Erect culms 2 to 4 feet tall with clumped, basal blue-green or green leaves and short, 
spreading rhizomes. Leaf blades smooth to slightly scabrous: sheaths hairy-margined. 
Ligule short, membranous and collar-like. Auricles well developed and clasping.lnflores
cence a slender, erect spike up to 10 inches long. Spikelets three to eight-flowered, early 
pressed close to axis, later diverging slightly at tips, less so than tall wheatgrass (A. 
e/ongatum). Glumes oblong to lance-shaped with rounded or abruptly pointed tips 
(square-tipped in tall wheatgrass) and smooth or hairy. Lemmas broadly lance-shaped with 
rounded or acute tips, smooth and sparsely hairy (1). 

Species starts growth about as early as crested wheatgrass (Agropyron cr;stafum), matures several weeks 
later, and has a longer vegetative period. Produces a dense mat of roots and rhizomes in surface soils and 
extensive fibrous roots nearly as deep as tall wheatgrass. Makes a fairly good volume of summer regrowth 
and a good volume of fall regrowth when adequate soil moisture is present or when irrigated. 
Palatability to elk good yearlong; good palatability to cattle when green, fair palatability in winter: fair 
palatability to deer in spring, although locally heavy spring use sometimes reported (2,3). 

ENVIRONMENTAL RELATIONSHI PS 

Thrives on medium to fine-textured, medium to high fertility soil in cool, subhumid climates, but is used in 
sandy soils and in semiarid zones on moister sites. Tolerant to weekly acidic and basic soils and to 
moderate salinity. Moderately high fertility demand. Requires about 15 inches MAP with major portion 
available during growing season for good production and stands at lower elevations. Widely used on more 
favorable sites in the Rocky Mountains and adjacent foothills and mesas in the 10 to 15 inches MAP zone. 
More drought-tolerant than smooth brome (Bromus inermis) but less drought and cold-tolerant than desert 
wheatgrass (A. desertorum). Seeded on suitable sites up to elevations a little above 1,000 feet in the 
northeastern Great Plains to as high as 10,000 feet in the Rocky Mountains. Highest producing of six 
wheatgrasses at several Montana stations and in early tests in western North Dakota and in the 
Southwestern pine zone (4). Tolerant of the semishade of open shrub overstories and fire-tolerant, 
especially in the dormant state, due to rhizomes. Stand longevity otten only 5 to 10 years in drier areas 
under close grazing (5); but, in some cases, up to 30 years under careful management or nonuse; e.g., 
Davis Cou nty, Uta h ter raced watersheds. Tolerates ea rly spring flood ing to r 3 to 5 wee ks and a water table 
at 3 foot depths (3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/2 inch deep on fine textured soils and to 1 inch deep on medi um -textu red soils. Tests show good 
emergence from 2-inch depths, which wou Id be usefu I in drier sites, looser seed beds, and coarser soils (6). 
Drill seed 5 to 15 pounds PLS per a'cre, varying rate according to moisture, desired stand density, ease and 
quickness of stand establishment, and seeding purposes and management. Use 50 to 100 percent more 
seed for broadcasting, harsh sites, and for south and west-facing exposures. Herbage production usually 
very similar for all rates after full stand establishment. Seed before or very early in the 2-month period with 
the most tavorable conditions for rapid germ ination and seedling growth: early sp ring, late fall: late summer 
or early fall (Aug. or Sept.): mid-June to mid-July in the Southwestern pine zone; or in June in higher 
mountains (7). This species can be sodded on critical areas. 
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Seed Cleaning and Quality 

Combine seed when it is fully mature or windrow first in the hard dough stage. Clean seed in a fanning mill 
having 1/14 x 1/2-inch holes in upper screen and 6 x 18-mesh bottom screen. Seed quality: 90 percent 
purity; 85 to 90 percent germination; 77 to 81 percent PLS; and 80,000 to 100,000 seed per pound. 

Germination and Seedling Characteristics 

After prechi/ling, seed germinates in 28 days in lab tests. Chilling, wetting, and soaking seeds hastens 
germination. Strong seedling vig?r. ~tandusuall~well est~blished by second ye.ar under favorable growing 
conditions. Responds well to IrrigatIOn; lIght IrrigatIons Improve stand establishment. 

MANAGEMENT 

Species widely used for pasture, hay, and in conservation plantings for stabilizing ditches and canal banks, 
roadsides, waterways, and disturbed lands. It prOVides good nesting and escape cover for game and 
nongame birds, as well as forage for big game and small game animals. New seedlings may require weed 
control; herbicides usually are most effective. Some warm season annual weeds might be tolerated where 
quick cover is critically needed. Withhold grazing until new seedings are headed and firmly rooted. 
Moderate grazing essential with this species; leave a 4 to 6-inch stubble. Stand longevity may be improved 
by resting it from grazing for 1 to 2 months during the active growing period. Short longevity undergrazing 
in drier areas suggests this species may need to be used for short term high production under intensive 
management or managed just for cover without much grazing. Fertility management or use in mixtures with 
legumes necessary with the first option. 

ASSOCIATED SPECIES 

Suitable as a grass compo nent in mixtures with other cool seaso n grasses and with adapted leg umes, forbs. 
and shrubs. Drill strong competitors, like alfalfa (Medicago sativa) and shrubs, in alternate rOWS with 
grasses for better establishment. This species and alfalfa is a very common mixture in subhumid and 
irrigated areas. 

PESTS AND DISEASES 

Susceptible to damage from Banks grass mite (Oligonychus pratensis), black plant bug (/rbisia pacifieus) , 
black grass bug (Labops hesperiiJs) , grasshoppers, and cutworms. Pesticide controls available where 
economical to use. Seed treatment with fungicides gives some control of seed-borne seedling diseases. 
thus increasing stand density. Stem and leaf rusts and ergot occasionally affect forage quality. 

IMPROVED VARIETIES 

'Amur', a New Mexico release, is taller, coarser, un iform gray-g reen cultivar that develops more rapid iy than 
Greenar. 'Greenar', from Washington, is a dark green, moderate sod-forming type. 'Oahe', from South 
Dakota, is a tall, coarse, blue-green, rapid sod-forming type. 'Slate', developed in Nebraska, is an erect. 
slate-green. strongly spreading type. 'Tegmar', from Idaho, is a dwarf, strong sod-forming typeforerosion 
control. 'Chief is a gray-green type developed in Canada (8). 

Pubescent wheatgrass 
Agropyron trichophorum (Link) Richt 
l= A. intermedium trichophorum (Link) Halac. (1)] 

Cool season, open sod former from U.S.S.R. Distinguished from intermediate wheatgrass by dense 
pubescence on spikes, spikelets, glumes, and lemmas, Adapted and used in nearly same zones as 
~ntermediate wheatgrass but slightly more drought, heat, and salt-tolerant. Somewhat less palatable than 
Inter.mediate wheatgrass but some overlap among different varieties. Generally better stand ratings and 
~erslstence in sagebrush and pinyon-juniper zones; more commonly used for disturbed land stabilization 
I eSPlt~ ,someWhat less vigorous sodding habit. 'Luna', New Mexico cultivar with wide, lay, dark green 
~aves, Topar' a Pacific Northwest release with dense sod-forming habit; Trigo', early developing, less 
. ense sod-former adapted to Mediterranean climates; and 'Mandan 759', a mixed pubescent and 
Intermediate wheatgrass type with good seedling vigor and forage production (8). 
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~~gu~re 4.. Intermediate wheatgrass (Agropyron intermedium) (after Hafenrichter et al. 1968). Plant x 1/2; 
'~ e, sPikelet, floret x 5; spike x 1/2. 



WESTERN WHEATGRASS 
Agropyron smithii Rybd. 

ORIGIN 

A native species of primary importance in the northern Great Plains. Occurs in every Western State. See 
map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Medium height, cool season, coarse-leaved, sod-forming perennial of the C-3 type. 

Single or few stemmed, rigidly erect plants 1 to 3 feet tall, with strong spreading rhizomes. 
Blue-green leaves with hairy sheaths and strongly veined, flat or involute blades. Ligule 
very short and membranous; auricles clasping and often purple. Inflorescence a short, stiff 
spike 2 to 6 inches long. Spikelets tightly overlapping, somewhat flattened, and 4 to 10
flowered. Glumes narrowly lance-shaped and broadest at base, gradually tapering to a 
pointed or very short-awned tip (glumes broadest near middle in thickspike wheatgrass (A. 
dasystachyum) (1). 

Starts growth during March or very early April in most central and northern Great Plains areas, matures 
during August, and makes fair volume of summer and fall regrowth. Moderately palatable to elk and cattle 
yearlong, less so in late summer, and palatable to deer only in spring (2). 

ENVIRONMENTAL RELATIONSHIPS 

Thrives on fine to very tine-textured soils having moderate or higher levels of soil moisture. Tolerant of 
moderately coarse soils and seeded on such sites in the northern Great Plains; elsewhere, often replaced by 
thickspike wheatgrass and other native species better adapted to sandy soils. Tolerant to strong soil salinity 
and to saline-sodic soils. Moderate nitrogen fertility demanding for vigorous early spring growth and high 
sustained forage production in colder and moister areas; increases its composition in warm season grass 
mixtures after N fertilization. Mesic in moisture requirements; thrives in swales, overflow sites, and 
sUbirrigated lowlands. Tolerant of poor drainage, water tables within 6 inches of soil surface, and early 
spring flooding. Generally adapted to the 14 to 20 inches MAP zones but usable for seeding in moister sites 
in the 10 to 14 inches zone. Tolerant of moderately severe droughts if not greatly prolonged, surviving by 
underground rhizomes. Strong cold hardiness, especially with local strains and ecotypes. Species grows 
from lower Great Plains and Great Basin elevations in adapted sites up to about 9,000 feet in central 
mountain latitudes. Moderate tolerance to partial shade Good fire tolerance in dormant state; usually 
survives fires during growing season but recovery delayed. Revegetates rapidly after planned burning of 
sagebrush-grass ranges. Stronger rooting habits than thickspike wheatgrass in preliminary tests of surface 
mined soils and flyash (3). Moderate grazing tolerance but suffers from close spring grazing. Responds as a 
decreaser in the below 20 inches MAP zones on upland sites in the central Great Plai ns and as an increaser 
in the over 20 inches zone (4). Moderately compatible with other species similar in palatiblity and 
aggressiveness. Often increases in composition when mixed with taller or more palatable species or 
decreases with shorter grasses and warm season species when grazed in early spring. 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/2 to 1 inch deep on fine and medium-textured soils, respectively. Cover broadcasted seed 
shallowly with soil. Supplemental mulching and light irrigating aid stand establishment on arid, droughty, 
and erosive sites. About 20 to 25 PLS per unit area needed as seeding rate to establish one plant per unit 
area under moderately favorable nonirrigated conditions. Recommended drill seeding rates: 5 to 15 
pounds PLS per acre for semiarid to subhumid areas. Increase rates 50 to 100 percent for broadcasting, 
quicker and denser cover, or for harsher south and west-facing sites. Seed before or very early in the 2
month period having the most favorable conditions for rapid germination and seedling growth: earty 
spring, late fall; late summer to early fall (Aug. or Sept.); or June 15 to July 15 (only in Southwestern pine 
and pinyon-juniper zones) Species may be sodded on critical areas. 
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Seed Cleaning and Quality-Combine seed directly or windrow first. Seed cleaned in a farm-type fanning. mill equipped with an upper 
creen having 1/14 x 1/2-mch holes and a 6 x 20-mesh lower screen. Seed quality: 85 to 90 percent pUrity; 75 

~o 80 percent germi nation; 64 to 72 percent PLS; and 110,000 to 126,000 seed per pound. Seed retai ns good 
viability for 5 years and increases in germination percentage for 2 to 3 years after harvest. 

Germination and Seedling Characteristics 

Germination occurs in 28 days under ideal lab conditions; prechilling seed aids germination. Seedling vigor 
of species only fair; some cultivars better. Plants spread slowly until established and otten take several 
years to develop full stands. Very hardy and durable grass when well established. 

MANAGEMENT 

Either native or seeded stands used for pasture and hay; also widely used for soil erosion control, critical 
area stabilization, and surface mine reclamation (5). Stands more easily managed when seeded alone but 
useful in mixtures with other grasses and species not differing greatly in palatability and phenology. 
Control weeds during early part of first growing season; Kansas studies indicate skillful grazing 
management, use of herbicides, and repeated mowing are satisfactory options (6). Grazing moderately to 
utilize no more than 50 to 60 percent of herbage, leaving an ungrazed stubble of 3 t04 inches, and periodic 
resting from grazing during the growing season help maintain vigorous stands. Nitrogen fertilization 
sometimes cost effective in colder regions with ample moisture. 

ASSOCIATED SPECIES 

Species grows in pure stands or mixed with alkali sacaton (Sporobofus airoides), basin wildrye (Efymus 
cinereus) , green needlegrass (Stipa viridu/a), b uffalog rass (Buchfoe dacty/oides), blue gra ma (Boute/oua 
gracilis), and sometimes with big sagebrush (Artemisia tridentata). and black greasewood (Sarcobatus 
vermiculatus). Sometimes seeded in mixtures with desert wheatgrass (Agropyron desertorum), awnless 
bluebunch wheatgrass (A. inerme), blue grama, and sideoats grama (B. curtipendufa) for forage and with 
sod-formers among these and rhizomatous wheatgrass species (Agropyron spp.) with or without forbs or 
shrubs for soi I stabilizi ng cover. Seed ings often plan ned in mixtures proportioned among species to restore 
approximate composition of the climax vegetation for each site. Better stand establishment and pla.nned 
proportions may be obtained when strong competitors are seeded in alternate rows with weaker members 
of mixtures. 

PESTS AND DISEASES 

Susceptible to grasshopper damage only during moderate to heavy infestations. Ergot and leaf and stem 
rusts may affect forage quality in prolonged wet periods. 

IMPROVED VARI ETr ES 

'Arriba', Colorado selection developed in New Mexico, shows rapid germination, good seeedling establish
me~t, and high seed production. 'Barton', developed in Kansas, has high forage production and rust 
,reSistance 'Rosana', from Montana, shows good adaptation in that State, Wyoming, and western Dakotas. 
Flintlock' is recommended for seeding in [\lebraska and southcentral South Dakota. 'Mandan 456' was 
developed for its dense growth, leafiness, soft leaves. and rust resistance; it is considered usefUl in parts of 
the Dakotas and Montana (5). 

REFERENCES 

(1) Beetle A. A. 1977. The wheatgrasses of Wyoming. Wy. Agr. Exp. Sl. Res. J. 39 R. pp. 108-113. 

(2)	 Shaw, A. F., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation and wildlife handbook. 
Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(3)	 Howard, G. S., G. E. Schuman, and F. Rauzi. 1977. Growth of plants on WyomJngsurface-mined soils and flyash. J, 
Range Manage. 30:306-310. 
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(4) Vallentine, J. F. 1967. Nebraska's range and pasture grasses. Neb. Ext. Serv. Circ. E.C. 67-170. pp. 23, 24. 

(5)	 Thornburg, A. A. 1982. Plant matenals for use on surface mined lands in arid and semiarid regions. SCS-TP-157' 
EPA-600-7-79-134. 88 pp. . 

(6) Lauchbaugh, J. L., and C. E. Owensby. 1978. Kansas rangelands. Kans. Agr. Exp. Sta. Bull. 622. 56 pp. 
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Igure 5. Western wheatgrass (Agropyron smithii). Plant x 1/2; spikelet x 4: floret x 3 1/2 
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BLUEBUNCH WHEATGRASS 
Agropyron spicatum (Pursh) Scribn. & Smith 

ORIGIN 

Native species of primary importance in inland Pacific Northwest; extensive occurrence in western U.S 
See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool season, long-lived, perennial bunchgrass of the C-3 type. 

Culms erect, 1.5 to 4 feet tall, from medium-sized tufts. Leaves mostly cauline with narrow, 
flat, or loosely inrolled blades up to 8 inches long. Ligule short and membranous; auricles 
weakly to well developed and often purplish. Spike-type of inflorescence, 3 to 8 inches long. 
Spikelets borne far apart to barely overlapping, about 3/4 inch long, with four to eight 
florets. Glumes awnless or very short awned; lemmas enclosing seed usually awned with a 
strongly divergent awn 1/2 to 1 inch long (1). 

Species starts growth in very early spring, about the same time as desert wheatgrass (A. desertorum), 
matures 1 to 3 weeks earlier, becomes semidormant concurrently, renews growth and makes moderate 
volume of regrowth in fall somewhat proportional to moisture supply. Good palatability to elk spring and 
fall, fair palatability to deer, and moderately good palatability to livestock all seasons but somewhat 
reduced during late summer dormancy. Some forage use made by antelope in spring (2). 

ECOLOGiCAL RELATIONSHIPS 

Optimum native stands occur on silty soils of loess hills in the Palouse prairies. Stands are fairly common 
on sandy and clayey soils and even occur on thin, rocky, and gravelly soils. Tolerant of weakly saline soils 
and of seeded wheatgrasses. Native stands occur in the 8 to 35 inches MAP zone; species is considered 
better adapted for seeding in the 10 to 20 inches zone. Its use is reported in the 6 to 9 inches zone in 
Wyoming and in the 8 to 12 inches zone in the Great basin. It is only marginally successful in the 9 to 10 
inches zone in southern Idaho (2,3). Intolerant of high water tables, poor drainage, and much early spring 
flooding. Relatively nonresponsive to irrigation and fertilization of mature forage stands but such practices 
sometimes aid stand establishment. Drought resistance better than crested wheatgrasses, and there is 
greater root and forage production on drier sites (4). Good winter hardiness but considerable variation 
among local strains and ecotypes within species. Elevational range from 500 to 10,000 feet in the 
intermountain West. Species has only fair fire tolerance in the dormant state; it recovers and enlarges 
bunches and composition after planned sagebrush-grass burning. More productive in full sunlight although 
tolerant of semishaded habitats of open shrublands and woodlands. Moderate tolerance to grazing except 
in early spring (during May in eastern Oregon). Lowest internode of grass is threadlike and fragile; grazing 
removes whole stems. Seeded stands reported to have variable longevity depending on seeding success 
and management (5,6). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/2 inch, 1/4 inch, and 3/4 inch deep on loamy, clayey, and sandy soils, respectively. Cover 
broadcasted seed with soil to similar depths. Drill seeding rates vary from 5 to 10 pounds PLS per acre for 
rangeland revegetation purposes. Fifty to 100 percent more seed should be used for broadcasting and for 
harsh and south and west-facing sites. Seed before or very early in the 2-month period most favorable for 
seedling establishment; usually either early spring or late fall, but also possible in early fali (during August 
and September) in areas with good fall moisture or on summer-fallowed fields (4). 

Seed Cleaning and Quality 

Harvest seed either with a swat her or bi nder while seed is in soft dough stage to mi nimize loss by shattering. 
Process awned seed for commercial purposes and for drill seeding in a swinging-type hammermil! set to 
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run at 720 rpm cylinders speed and equipped with a 1/4-inch screen to remove awns. Use fanning mill to 
clean processed and unawned seed to commercial quality. Awned seed can be broadcasted without 
processing. Seed quality: 90 percent purity; 85 to 90 percent germination: 77 to 81 percent PLS; and 140,000 
to 150,000 seed per pound. 

Germination and Seedling Characteristics 

After prechilling, seeds germinate in 14 days in lab tests. Studies show that seeds germinate at a variety of 
constant and variable temperatures. Seedling vigor only fair, weaker than crested wheatgrasses and much 
weaker than cheatgrass brome (Bromus tectorum), a weedy competitor. Stands establish slowly and 
usually require a third year; crested wheatgrasses (A cristatum/A desertorum) attain full stands at least 1 
year earlier. More consistent and greater production than crested wheatgrass reported after stands fully 
established on some adverse sites. 

MANAGEMENT 

Species only used to limited extent due to problems with seed supplies, harvesting and processing seeds, 
and inconsistent stand establishment. Uses include seeding abandoned croplands, depleted ranges, and 
bare or disturbed lands. Shows same promise for revegetating mine spoils in zones of adaptation. New 
seedings require control of competing weeds. Protect such stands from grazing, usually for two growing 
seasons or until plants head out and are firmly rooted. Avoid grazing established stand in May if possible; 
either defer them from spring use or rotate grazing among several pastures using a different unit in May. 
Still better, develop crested wheatgrass pastures for May grazing and graze bluebunch wheatgrass at other 
seasons. Grazing should remove no more than 50 percent of the current annual herbage crop. Species is 
superior in forage nutrients to crested wheatgrasses at same stages of plant development. Species 
deserves research attention to develop superior strains, particularly for drier areas and poorer sites within 
its range. 

ASSOCIATED SPECIES 

Bluebunch wheatgrass occurs mixed in native stands with Idaho fescue (Festuca idahoensis), Sandberg 
bluegrass (Poa secunda), big sagebrush (Artemisia tridentata), western juniper (Juniperus occidentafis) , 
and arrowleaf balsamroot (Balsamorrhiza sagittata) and other species of the big sagebrush. juniper
pinyon, mountain shrub, open aspen, and subalpine park communities. Species commonly seeded alone 
due to special management requirements, but sometimes mixed with other cool season grasses, alfalfa 
(Medicago sativa), and, less common Iy, with forbs and sh rubs. Seed any strong com petitors, such as alfalfa 
and cereal wheat or rye, in alternate rows to prevent suppression of weaker grass seedlings. 

PESTS A.ND DISEASES 

Treat seed with insecticides and fungicides to control wire worms and soil-borne pathogens, especially in 
the Pacific Northwest. Gophers less troublesome with this species than with crested wheatgrass (4). 

IMPROVED VARIETIES 

None. 

Beardless bluebunch wheatgrass
 
Agropyron inerme (Scribn. & Smith) Rydb.
 
[= A. spicatum (Pursh) Scribn. & Smith forma inerme Beetle (1)J
 

This form occurs intermixed with the awned form of bluebunch wheatgrass in greater proportions in higher 
precipitation areas of the intermountain region. It retains most of the same characteristics and adaptations 
of the species except for having rhizomes, an open sod-forming habit, strongly involute leaves, and awnless 
lemmas or sometimes very short, straight awns on a small proportion of plants. Culture is the same as for 
bluebunch wheatgrass but hammermilling of seed is unnecessary. Seedling vigor may be slightly superior 
to 'common' bearded bluebunch wheatgrass, but is still much weaker than crested wheatgrass. Beardless 
wheatgrass is much more widely seeded than the bearded form. 
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IMPROVED VARIETY 

'Whitmar' is a cultivar selected and developed in Washington from an intermediate awnless strain that has 
broad adaptation in the Pacific No rthwest and Great Basin States. Itis al most the on Iy planting seedstock of 
either form of the species generally available and used for revegetation in the West today. 

REFERENCES 

(1) Beetle, A. A. 1977. The wheatgrasses of Wyoming. Wy. Agr. Exp. Sta. Res. J. 39R. pp. 113-114. 

(2) Plummer, A. P., A. C. Hull, Jr., G. Stewart. and J. H. Robertson. 1955. Seeding rangelands in Utah, Nevada, southern 
Idaho, and western Wyoming U.S. Dept. Agr., Agr. Handb. 71. 73 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-BOO-7-79-134.88 pp. 

(4) Hafenrichter,	 A. L., J. L. Schwendiman, H. L. Harris, R. S. MacLauchlan, and H. W. Miller. 1968. Grasses and 
legumes for soil conservation in the Pacific Northwest and Great Basin States. U.S. Dept. Agr., Agr. Hand. 339. 
69 pp. 

(5) Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game ranges in Utah. Utah Game and 
Fish Dept. Publ. 68-3, Salt Lake City. 183 pp. 

(6) Lang, R., F. Rauzi, W. Seamands, and G. Howard. 1975. Guidelines for seeding range, pasture, and disturbed lands. 
Wy. Agr. Exp. Sta Bull. 621.11 pp. 
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Figure 6, Bluebunch wheatgrass (Agropyron spicatum). Plant x 1/2; spikelet x 3. 
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REDTOP 
Agrostis alba L.
 

[= Agrostis stolonifera L. (1)]
 

ORIGIN 

Native to Europe. Naturalized in more humid areas of the U.S. See map for distribution in the US. 

SPECIES CHARACTERISTICS 

Cool season, open sod-former of the C-3 type. 

Spreading rhizomatous or stoloniferous perennial with decumbent to semierect culms 1 to 
4 feet tall. Leaf blades coarse, flat, and pointed. Thin, membranous ligule about 1/4 inch 
long and pointed. InfJorescence a semiopen, conical-shaped, red panicle. often closing and 
bleaching brownish after flowering. Spikelets one-flowered, borne on whorled branches. 
Glumes purplish and lance-shaped; lemmas awnless with minute bearded base (1). 

Species starts growth in early to midspring, varying with latitude and altitude; matures in mid to late 
summer and makes fair volume of fall regrowth in wet sites. Good palatability to livestock in spring and 
early summer, fair palatability after headed but poor in winter (2). 

ENVIRONMENTAL RELATIONSHIPS 

Mesic to semihydric in moisture requirements; widely adapted in the humid 20 to over40 inches MAP zones 
where moisture accumulates. Thrives best on moist to semiwet soils. No marked soil texture limitation 
when moisture abundant; otherwise best on clay loam and loam soils. Tolerant of moderately acidic and 
nutritionally poor soils low in calcium, phosphorus. and potassium. Not suited for planting on limey soils or 
on limestone sites. Tolerant of poorly drained wetlands and subirrigated sites, submergence, and frequent 
flooding. Fair tolerance to soil salinity and moderate to fair drought tolerancecompared to grasses seeded 
on humid and semiarid areas, respectively. Good grazing resistance among humid pasture grasses due to 
semiprostrate form, rhizomes, and lower palatability, often increasing in cover in grazed pasture mixtures. 
Dense sodded stands become unproductive without nitrogen fertilization or legumes. Good cold tolerance; 
species seeded or naturalized from near sea level on east and west coasts to subalpine elevations in 
mountains. Tolerant of semishaded environments. Moderately competitive; slightly too aggressive for 
weaker turf species and sometimes weedy (3). Only fair tolerance to fire (4). 

CULTURE 

Planting Depth, Rate. and Time 

Small seeded; seed no deeper than 1/2 inch, preferably shallower on finer textured and moist soils. Cover 
broadcasted seed to similar depth; seed may be pressed into soil with a cultipacker. Rates for drill seeding 
only need to be about 4 to 5 pounds PLS per acre. Commonly used rates of 8 to 10 pounds per acre liberal 
and adequate for broadcasting and for poorer seedbeds and harsh sites. Seed before the 2-month period 
that has the most favorable conditions for rapid germination and seedling growth; best times are usually 
early spring, late fall, early fall, or in June or July. latter dates for higher mountain areas. (5). 

Seed Cleaning and Quality 

Combine in hard dough stage; also can be harvested by swathing or binding first. Clean in fanning mill 
equipped with 28 x 28 mesh and 50 x 50 mesh upper and lower screens. Seed quality: at least 92 percent 
purity; 90 percent germination; 83 percent PLS; and 4,990,000 seed per pound 

Germination and Seedling Characteristics 

Seed germinates rapidly in 10 days in lab tests. Good seedling vigor; sometimes planted at greatly reduced 
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rates as a fast-developing "nurse crop" with slower developing lawn grasses, Develops into full stand by 
second season when seeded at full rate; sometimes nearly full cover at end of first season, 

MANAGEMENT 

Species seeded for pastures, meadows, hay, lawns, golf courses, wet waterways, ditchbank cover, soil 
conservation in burned or cut-over timberlands, to retard weed invasion in wet lowlands or irrigation 
projects, and to revegetate acid minespoils in humid eastern States (6), Usually used in mixtures at reduced 
rates of seeding for temporary lawns, rough landscaping, or low maintenance cover; but used where 
species uniquely fits wetter habitats better than timothy (Phleum pratense) and lower fertility sites better 
than other species, like smooth brome (Bromus inermis) or Kentucky bluegrass (Poa pratensis), More 
commonly used for forage or turf in humid zones. Redtop pasture mixtures need to be grazed rather closely 
in a rotation grazing system to keep plants producing palatable new regrowth all season on wet and 
subirrigated sites (7), Hay must be cut in early flowering stage to maintain acceptable quality. Weed co nt rol 
needed in first-year stands and fertility management or renovation in older sod-bound stands. 

ASSOCIATED SPECIES 

Sometimes seeded in mixtures with other turfgrasses with or without legumes. May dominate such 
mixtures unless managed to control competition. Makes a rather coarse sod and unattractive in amenity 
turfs. Redtop and alsike clover (Trifolium hybridum) make a good mixture for wet meadows and 
subirrigated sites. Also used as quick cover-developing species in game range restoration and disturbed 
land seeding mixtures. 

PESTS AND DISEASES 

Susceptible to leaf rusts and spotting and snow mold; usually not serious. 

IMPROVED VARIETIES 

None. 

REFERENCES 

(1)	 Cronquist, A., A. H. Holmgren, N, H. Holmgren, J, L. Reveal, and P, K. Holmgren. 1977, Intermountain flora, Vol, 6, 
The monocotyledons, Columbia Univ. Press, NY. 584 pp. 

(2) Vallentine, J, F. 1971. Range development and improvement. Brigham Young Univ. Press, Provo, UT, 516 pp. 

(3)	 Hafenrichter, A. L" J. L. Schwendlman, H. L, Harris, R. S. MacLauchlan, and H, W. Miller. 1968. Grasses and 
legumes for soil conservation in the Pacific Northwest and Great Basin States, U,S, Dept. Agr., Agr. Handb. 339. 
169 pp. 

(4)	 Wright. H. A., Dept. Range and Wildlife Manage., Texas Tech Univ" Lubbock, Personal communication. June 2, 
1982, 

(5)	 Plummer, A, P., D, R, Chrislensen,and S. B. Monsen. 1968. Restoring big game ranges in Utah. Utah Fish and Game 
Pub!. 68-3.183 pp, 

(6)	 RUffner, J, D, 1973. Projecting the use of new plant materials for special reclamation problems. Pages 108-117 in 
Research and Applied Technology Symposium on Mined-Land Reclamation. Nat. Coal Assn., Monroeville, PA. 
150 pp. 

(7) Vallentine. J, F. 1967. Nebraska's range and pasture grasses. Neb, Ext. Serv, Circ, 67-170. 55 pp, 
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Figure 7, Redtop (Agrostis alba). Plant x 1/2; spikelet, floret x 5. 
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BIG BLUESTEM 
Andropogon gerardii Vitman 

ORIGIN 

Native to most areas east of Rocky Mountains. Primary species of tallgrass prairie of Midwest. See map for 
distribution in the U.S. 

SPECIES CHARACTERISTICS 

Tall, long-lived, warm season, bunchy sod-former of C-4 type; a decreaser in most native grassland 
habitats. 

Culms 3 to 6 feet tall, reddish-purple at maturity. Rhizomes thick, 3 to 6 inches long. 
Numerous long basal and stem leaves green to dark green, often tinged with purple; blades 
flat to V-shaped, broad, rough-edged, upper surface pimply hairy on basal leaves. Ligule 
short, membranous, irregular, split margined. Inflorescence a two to six-branched raceme 
shaped like a turkey foot, source of another common name. Spikelets borne in pairs along 
raceme axis; one stalkless, plump, awned, and fertile and other stalked, slender, awnless, 
and usually sterile. Sterile florets add to chaffy seed quality and low purity (1). 

Freely interbreeds, and is being artifically bred, with sand bluestem (A. hal/i), which is distinguished by 
longerrhizomes, fuzzierseedheads, shorter awns, lighter blue-green foliage, and sandy soil habitats. Starts 
growth in mid to late spring and matures in September and October. Makes good summer reg rowth but very 
little fall regrowth. Highly palatable to cattle from late spring until fall; onlyfairwinter palatability. Preferred 
over other species by elk in early growth stages (1). 

ENVIRONMENTAL RELATIONSHIPS 

Thrives on deep, fertile silt and clay loam soils of lowlands, draws, and ravines, including overflow and 
sUbirrigated sites in the 20 to 30 inches MAP zones of central U.S.; also common on the calcareous 
blackland soils from east Texas to Georgia. Occurs less commonly in sandy draws, on shallow, gravelly 
ridges, and near limestone ledges in wet years. Moderate salinity tolerance; common on basic reacting soils 
(1,2). Moderate fertility requirements. Moderate tolerance to high water tables and short term submergence 
and flooding. More productive with water tables below the surface and fairly good drainage (1,2,3). 
Moderate shade tolerance. Good winter hardiness of local native seed sources or strains; some stand 
losses with seed from distant southern sources and reduced yield with seed from distant northern sources. 
Very tolerant to fire in dormant or earliest growth states; late spring bu rni ng results in earl ier growth, more 
uniform grazing use, greater steer weight gains, increased species' cover, and greater seed stalk 
production (4). Only fair grazing resistance when actively growing; good when grazed after mature in 
Winter. Fairly good compatibility with other warm season grasses and legumes. Tends to increase with 
management in warm season grass mixtures. 

CULTURE 

Planting Depth, Rate, and Time 

Drill 1/4 to 1 inch deep on fine to moderately coarse soils to 1 1/2 inches deep in sands on prepacked 
seedbed. Cover broad casted seed shallowly with soil. Plant 15 to 25 PLS per square foot (5 to 8 pounds PLS 
per acre) for minimal satisfactory rangeland stands (5); 50 to 100 percent more seed on erosive sites and 
When broadcasting. Seed in nonvolunteering crop stubble for better stands on erosive sites; topsoii, 
fertilizers, and supplemental mulch may be needed on critical sites. Seed-hay method of reseeding 
Sometimes most feasible. Same density of established plants obtained at Mandan, North Dakota using 5, 
10, and 15 pounds of high quality seed (3). Species sometimes sod-transplanted for critical sites; e.g., 
terrace outlets. Plant seed March-April in southern Great Plains and April-May in central and northern 
Great Plains (4,5). Good seed ling emergence from winter dates of planting but erratic stand establish ment. 
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Seed Cleaning and Quality 

Combine seed after past the hard dough stage. Carefully control or regulate wind blast, tractor speed, 
swath width, and speed and spacing of cylinder. Process combined seed in hammermill and reclean in 
fanning mill to commercial quality (2). Seed quality: 60 percent purity; 60 percent germination; 36 percent 
PLS; and 130,000 pure seed per pound. Seedheads containing 20 percent fill of potentially fertile florets 
considered commercially harvestable. 

Germination and Seedling Characteristics 

Germinates in 28 days, most by 10 days, under ideal laboratory conditions with prechililing. Seedling vigor 
is fairly good; growth is usually as rapid or more rapid than common warm season associates. Stands 
develop slowly and usually are not established until second year 

MANAGEMENT 

Species seeded for pasture, hay, native landscaping, prairie chicken cover, waterways, and stabilization of 
disturbed areas. Also used for warm season irrigated pastures. Native and improved seed sources and 
strains from less than 200 miles south of seeding area usually produce more forage that locaf seed. 
Herbicides, repeated mowing, or carefully controlled grazing needed to control weeds in new seedings. 
Kansas Agriculture Experiment Station recommendq, grazing for weed control (4). Graze established 
stands moderately, usually not closer than a 6-inch stubble in summer (1). Contin uous grazing of stands in 
good condition and rotational deferment of bluestem pastures in poor condition advocated by some 
authors (4); others advocate rotational grazing. Late spring burning will remove ungrazed surplus herbage 
that interferes with uniform grazing and early growth. Fertilization with nitrogen sometimes profitable on 
meadows; not essential to maintain cover. 

ASSOCIATED SPECIES 

Native stands occur mixed with little bluestem (Schizachyrium scoparium), switchgrass (Panicum 
virga fum) , yellow Indiangrass (Sorghastrum nutans) and other native forbs and shrubs. Seedings of native 
grass species often are made in mixtures approximating the climax vegetation composition of each site (6). 

PESTS AND DISEASES 

Grasshopper infestations can destroy stands. Seedling diseases may justify fungicidal seed treatment. Leaf 
spots, rusts, other foliage diseases, head smut, and ergot may occur in wet years. 

IMPROVED VARIETIES 

'Pawnee', released in Nebraska, and 'Kaw', from Kansas, are late maturing cultivars recommended for 
central Nebraska south to Oklahoma and through Oklahoma, respectively. 'Champ', developed by 
interbreeding divergent types including big and sand bluestem, is an early cultivar recommended from 
Nebraska south into Kansas and eastward on favorable sites (3). 

Sand	 bluestem 
Andropogon hallii 

Shorter awned, raceme hairier, foliage often bluer, and more strongly rhizomatous native grass of sandhills 
and sand prairies in the Great Plains; often seeded in mixtures to revegetate and reclaim disturbed sandy 
soil sites, including "blowouts" in dunes. 'Cherry', 'Elida', 'Garden', and 'Woodward' are improved cultivars. 
Consider seed-hay and sod transplant methods of establishment for critically disturbed sites 

REFERENCES 

(1) Vallentine, J. F. 1967. Nebraska range and pasture grasses. Neb. Extension Serv. Cire. E.C. 67-170.55 pp. 

(2)	 Wolff, S. E. 1951. Harvesting and cleaning grass and legume seed in the western Gulf region, U.S. Dept. Agr., Agr. 
Hand b. 14. 89 pp. 
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(4) Launchbaugh, J. L., and C. E. Owensby. 1978. Kansas rangelands. Kansas Agr. Exp. Sta. Bull. 62. 50 pp. 

(5)	 McWilliam, J. L. 1955. Effects of some cultural practices on grass production at Mandan, North Dakota, U.S. Dept. 
Agr. Tech. Bull. 1097. 28 pp. 

(6)	 Cooper, H. W. 1957. Some plant materials and improved techniques used in soil and water conservation in the Great 
Plains. J. Soil Water Conserv. 12:163-168. 
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Figure 8. Big bluestem (Andropogon gerardif). Plant x 1/4; ligule x 2. 
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LITTLE BLUESTEM 
Schizachyrium scoparium (Michx.) Nash (1) 

ORIGIN 

Native; primary ~pecies of midwestern prairies; widely distributed except in Pacific Coast States. See map 
for distribution In the U.S. 

SPECIES CHARACTERISTICS 

Warm season, long-lived, perennial bunchgrass of the C-4 type. 

Culms 1 to 41eet tall, erect and large-tufted, having occasional short rhizomes Basal stems 
and sheaths flattened. Leaf blades hairless, V-shaped in cross-section, keeled, light blue
green when young, reddish brown mature. Ligule 1/16 inch, membranous, fringe
margined. Inflorescence several unbranched racemes, one on end of each seed stalk 
branch. Spikelets paired along raceme axis; fertile one plump, awned, and stalkless; sterile 
one stalked, awnless or awn-tipped. Deep fibrous root system. Semisod-forming in 
subhumid zones and sites (2). 

Plants resume growth in spring, head out in late summer, and mature in fall. Fair amount of early summer 
regrowth, negligible regrowth in fall. Good palatability to cattle in early summer; fair palatability in late 
summer and fall; poor palatability in winter. Fair palatability to elk and deer (2). 

ECOLOGICAL RELATIONSHIPS 

Tolerant to wide range of sandy to clayey soils with adequate soil moisture;silty soils optimal. Common on 
stabilized sandy and sands range sites; not adapted to wetlands and saline subirrigated sites. Best stands 
occur on limey uplands and thin loess range sites in Nebraska and on calcareous soils derived from 
limestone in Southern States. Low to fair fertility req uirements; survives in infertile sands. Opti mal growth in 
over 20 inches MAP zones, good in 15 to 20 inches zone on sands, but species grows in 10 to 40 inches MAP 
zones. Good winter hardiness and cold tolerance of local strains sown within 200 miles north and 100 miles 
south of origin. Species occurs from about 1,000 feet in elevation on lower plainssites to about 7.500 feet in 
eastside Rocky Mountain woodlands. Moderate drought tolerance (more than big bluestem} and moderate 
shade tolerance. Good fire tolerance in the dormant state; fire results in earlier growth and greater 
seedstalk production, steer gains, and uniformity of forage use. Species reacts as decreaser under summer 
use, increaser with winter grazi ng. Moderately compatible in prairie plant seeded mixtu res; may increase in 
cover when mixed with more palatable or taller species (2,3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/4 inch deep on finer textured soils and 3/4 inch deep on coarse soils, preferably on prepacked 
seedbeds. Cover broadcasted seed shallowly. Topsoil and supplemental mulches sometimes needed for 
bare, erosive, and disturbed sites (5). Use 15 to 25 PLS per square foot (2.5 to 4.5 PLS pounds per acre) for 
drill rates on rangelands; doublethe ratewhen broadcasting or for harsh and erosive sites Seed in March or 
April in southern Great Plains and April or May in central and higher western Great Plains areas 

~ed Cleaning and Quality 

~ombine seed by adjusting air blast and equipment settings and speed. Chaff and straw may be removed 
~Ither by runnin.g combined material through a scalper or through a fanning mill Processing seed in a 
pa~mermllr will Improve it to better commercial grade and make it usable in drills. Seed quality: 50 percent 

unty; 60 percent germination; 30 percent PLS: and 225,000 pure seed per pound (6). 
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Germination and Seedling Characteristics 

Seed germinates in 28 days under lab conditions after prechilling. Seedling vigor rather weak. Full stands 
often not attained before third season. Mature plants reproduce well from seed and spread moderately fast 
in absence of drought. 

MANAGEMENT 

Species used for pasture and hay and for game bird cover. Seeded on disturbed, eroding lands, including 
abandoned croplands, roadsides, gullies, and prairie restorations. Also seeded in rangeland mixtures for 
sandy, silty, and clayey sites in 16 to 20 inches and over 20 inches MAP zones in central and southern Great 
Plains. Sometimes used in mixtures with prairie species in so-called prairie restoration projects. Weeds in 
new seedings require control; options are skillful management of grazing, use of herbicides, or repeated 
mowing (4). Native ranges in satisfactory condition can be moderately grazed season-long; use deferred 
rotation or winter grazing to improve ranges in unsatisfactory condition. Similar harvest management 
needed on established stands. Late spring burning with damp soil beneficial when rough or unused 
herbage develops. Take wildlife habitat needs into consideration in total management plan. 

ASSOCIATED SPECIES 

Species associated with big bluestem (Andropogon gerardii) , sideoats grama (Boute/oua curtipendula) , 
porcupine needlegrass(Stipa spartea), and prairie dropseed (Sporobo/us heterolepis) on uplands and asa 
secondary component with prairie sandreed (Ca/amovilfa /ongifolia) and sand bluestem (Andropogon 
hallii) on sandy sites. Species seeded in mixtures approximating climax composition of each site and as a 
part of seeding mixtures for sandy areas. Legumes and forbs sometimes added; shrubs less frequently. 
Plant strongly competitive species, such as legumes or grain "companion crop", in alternate rows with 
grass. 

PESTS AND DISEASES 

Grasshoppers a hazard first season. Fungicidal seed treatment helps to control seed-borne diseases of the 
slower developing warm season species. 

IMPROVED VARIETIES 

'Aldous' is a moderately late maturing selection, from Flint Hills of Kansas, adapted to parts of Kansas and 
Nebraska. 'Blaze' is late maturing cultivar which matures deep red and is val ued for range seedings, critical 
area stabilization, and native landscaping in parts of Nebraska. 'Camper' is moderately late maturing and 
adapted throughout Nebraska. 'Cimarron', developed from several sites in southwestern Kansas and 
panhandle of Oklahoma, is adapted to those areas and portions of adjacent Colorado and New Mexico. 
'Pastura' was developed from a higher elevation New Mexico site and is adapted to eastern New Mexico, 
portions of the Texas and Oklahoma panhandles, and southeastern Colorado (3). 

REFERENCES 

(1)	 Cronquist, A., A. H. Holmgren, N. H. Holmgren, J. L. Reveal. and P. K. Holmgren. 1977. Intermountain flora. Vol. 6. 
The Monocotyledons. Columbia Univ. Press, NY. 584 pp. 

(2) Vallentine, J. F. 1967. Nebraska range and pasture grasses. Neb. Ext. Servo Cir. 67-170. 55 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134 88 pp. 

(4)	 Launchbaugh. J. L., and C. E. Owensby. 1978. Kansas rangelands, their management based on a half century of 
research. Kansas Agr. Exp. Sta. Bull. 622. 56 pp, 

(5) Cooper, H. W. 1957. Some plant materials and improved techniques used in soil and water conservation In the Great 
Plains. J. Soil Water Conserv. 12:163-168. 

(6) Wolff,	 S. E. 1951. Harvesting and cleaning grass and legume seed in the western Gulf region. U,S. Dept. Agr., 
Handb. 24 89 pp. 
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Figure 9. Little bluestem (Schizachyrium scoparium). Plant x 1/2; ligule x 12; two pairs of spikelets x 6. 
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CAUCASIAN BLUESTEM 
Bothriochloa caucasica (Trin.) C. E. Hubbard 

ORIGIN 

Introduced from Tiflis, Georgia, U.S.S.R Endemic of limited range; not what Soviet botanists call B. 
caucasica (1). See map for distribution in the U.S.. 

SPECIES CHARACTERISTICS 

Medium-sized, warm season bunchgrass of the C-4 type. 

Mostly erect, 2 to 4 feet tall, without rhizomes or stolons. Light green narrow leafblades up 
to 1 foot long, smooth except hairy about ligule; ligule short and membranous. Inflores
cence a reddish panicle, 3 to 6 inches long with numerous slender branches shorter than the 
central axis. Hairy panicle branches and pedicel internodes. Spikelets paired; stalkless one 
awned and fertile; stalked one similar but staminate (2). 

Foliage turns bright reddish-brown when mature; popularly called red bluestem; contrastingly different 
from yellowish foliage and purple panicles of East Indies sourgrass (B. ischaemum). Species about 2 weeks 
later in spring development than native and seeded warm season grasses in Kansas (3). Poorer palatability 
than other Old World and better native bluestem grasses (Bothriochloa intermedia and Andropogon spp., 
respectively) . 

ECOLOGICAL RELATIONSHIPS 

Well adapted to moderately fertile loamy and clayey textured soils but grows less productively on sandy, 
clayey, and eroded soils. Winter hardy and persistent from east-central Colorado and northern Kansas 
throughout the southern Great Plains on su itable sites to South Texas. Adapted in the 16 to 30 inches MAP 
zones, 20 inch zone more optimal. Good drought tolerance; stays green through seasonal drought. 
Tolerant of weak salinity and grown on weakly basic and weakly acid soils. Moderate grazing tolerance; 
close summer use prevents seed production. Little evidence of shade tolerance. Good fire tolerance in 
dormant state. Not very compatible in seeding mixtures due to lower palatability (3,4,5,6). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/4 to 1/2 inch deep orbroadcast and cover shallowly. Cultipackercan be used to press broadcast 
seed into soil. Plant March 15 to May 15. Use 1 to 2 pounds PLS per acre for drill-seeding on nonirrigated 
areas; more seed needed for broadcasting, harsh sites, and where dense or immediate cover desired (5). 
Drilling into nonvolunteering crop stubble or using supplemental mulch improves stand establishment on 
erosive sites. Researchers advocate intensive row crop culture, fertilization, and management similar to 
weeping lovegrass (7). 

Seed Cleaning and Quality 

Combine harvesting possible with a canvas-type combine. Grass stripper also used. Species irregular in 
seed production and maturation. Scalping or light hammermilling makes seed recleanable in a fanning mill. 
Seed quality: 50 percent purity: 60 'percent germination; 30 percent pure live seed; and 860,000 pure seed 
per pound. 

Germination and Seedling Characteristics 

Seed germinate in 28 days under ideal laboratory conditions after prechilling. Good seedling vigor. May 
mature a short seed crop fIrst season under favorable conditions; ready for grazing second season. 
Seedlings sensitive to fertility level and show response to fertilizers on eroded soils. Species spreads 
moderately fast by natural reseeding. Not as aggressive in seedling stages as East Indies sourgrass. 
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MANAGEMENT 

S ecies seeded to limited extent in central and southern Great Plains for range and pasture and for soil 
t~bilization of eroding fields and roadsides. Dense foliage provides good upland bird cover. Seed 

Shortage, seed handling, and management problems make use of this species secondary or minor despite 
Some good characteristics. Moderately close grazing use needed of established stands to maintain usable 
~erbage quality and good livestock performance. Good livestock and herbage production responses to 
fertilization. Species requires intensive management inputs tor sustained high production. 

ASSOCIATED SPECIES 

optimal manageme nt possible when seeded in pu re stands. Dense stands very effective in preventi ng weed 
invasion, sometimes even during establishment year. 

PESTS AND Ir>JSECTS 

Grasshoppers a hazard in seedling year. Thrips affect seed yields. Tolerant of certain parasitic nematodes. 
Little evidence of seed and foliage diseases. 

IMPROVED VARIETIES 

None. 

REFERENCES 

(1) Harlan, J. R., and H. R. Chheda. 1963. Studies on the origin of Caucasian bluestem, Bothrioch/oa caucasica (Trin.) 
C. E. Hubbard. Crop Sci. 3:37-39. 

(2)	 Gould, F. W., and T. W. Box. 1965. Grasses of the Texas Coastal Bend. TexasA&M Univ. Press, CollegeStation, TX. 
189 pp. 

(3)	 Launchbaugh, J. L. 1971. Upland seeded pastures compared for grazing steer at Hays, Kansas. Kans. Agr. Exp. Sta. 
BulL 548. 29 pp. 

(4)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157: 
EPA-600-7-79-123. 88 pp. 

(5)	 Allred, B. W., and W. M. Nixon. 1955. Grasses for conservation In the Southern Great Plains. U.S. Dept. Agr. 
Farmers' Bull. 2093. 30 pp. 

(6) Wright, H. A. Dept. Range and Wildlife Manage., Texas Tech Univ., Lubbock. Personal communication, June 3,1982. 

(7)	 Mcilvain, E. H., and M. C. Shoop. 1960. Dryland pastures for the Southern Great Plains. U.S. Dept. Agr., ARS, 
Woodward, OK. 20 pp. (mimeo) 
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Figure 10. Causasian bluestem (Bothriochloa caucasica). Inflorescence x 2/3. 
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SIDEOATS GRAMA 
Boutelnua curtioendula (Michx.) Torr. 

ORIGIN 

Native. Widespread distribution eastward from Rocky Mountains. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Warm season, bunchy, sod-forming grass of the C-4 type. 

Culms 1 to 3 feet tall, erect from dense tufts or sod patches. usually with short sealey 
rhizomes. Leaves mostly basal, grey to blUish-green, and drying brown. Medium width, flat 
or loosely rolled leaf blades with swollen based hairs along margins. Ligule collar-shaped, 
fringe-margined. Inflorescence an upright, slender raceme with 25 to 50 drooping spicate 
branches (or spikelike racemes), each with 1 to 12 spikelets dangling from one side of the 
rachis Glumes and lemmas purplish when young, latter with bright orange anthers. 
Spikelets falloff after maturity (1). 

Largest, most widely distributed grama grass, with abundant seedstalks, suitable for domestication. Starts 
growth in midspring, makes vigorous vegetative growth in summer and matures usually between July and 
September, varying with latitude, altitude, moisture, and strain. High palatability to livestock during late 
spring and summer; fair forage value when mature. Moderate compatibility with grasses and legumes and 
not weedy (2). 

ENVIRONMENTAL RELATIONSHIPS 

Adapted to broad spectrum of sandy to clayey textured soils; least tolerant to loose sands and dense clays. 
Species shows varying tolerance to soil salinity from weak to moderate. Best stand development on 
medium to fine-textured soils of uplands and in the 17 to 20 inches MAP zones in the cen1ral Great Plains; as 
good development may be found in the 12 to 16 inches MAP zones in the Southwest. Moderate drought 
resistance; less tolerant than blue grama (B. gracilis); more tolerant than big bluestem (Andropogon 
gerardii). Good winter hardiness only in well adapted strains and seed sources. Species responds to 
daylength with distinct long, intermediate, and short day plants. Adapted southern strains orseed sources 
of native plants usually produce more forage; be cautious about using untested strains or sources, 

. especially those from more than 200 miles south orfrom great differences in elevation. Species occurs up to 
about 8,000 feet in elevation in so uthern Rocky Mountai ns Moderately tolerant of spring flood ing. Tolerant 
of semishaded sites and occurs in open woodlands. Generally damaged by wildfires, especially during 
drought and with dry soil conditions, but fair tolerance of planned burning in dormant state. Moderate 
grazing tolerance, less so than blue grama. Generally a decreaser on upland sites in the below 20 inches 
MAP zones but an increaser in tallgrass prairies. Nitrogen fertilization stimulates greater seed production 
and better quality (2,3). 

CULTURE 

f1anting Depth, Rate, and Time 

'O'rill seed no deeper than 1/4 inch on fine-textu red soils and 3/4 inch on coarser textu red soils. Cultipacking 
, previously prepared seedbed provides adequate covering after broadcasting. Seeding in nonvolunteering 

. crop stubble or supplemental mulch needed on erosive sites. Light, timely irrigations and mulch needed to 
. ,ensure seeding success on surface mined soils. Drill 15 to 25 PLS per square foot (3.5 to 5.5 pounds PLS 
. ~~r acre) to obtain 1 to 2 established plams per square foot. minimal satisfactory rangeland stand. Use 

to, 100 percent more seed for broadcasting, bare areas, harsh sites, or denser, early stands. Suitable 
~eedl ng d?tes: April 1 to May 15 in northern and high, western Great Plai ns; March 15 to May 15 in central 
s reat PlainS; January to April in southern Great Plains, and June 15 to July 15 for Transpecos and 
outhwestern areas. Pitting to concentrate moisture aids seedling establishment in drier areas (3,4). 
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Seed Cleaning and Quality 

Seed satisfactorily combined by adjusting sickle set, cylinder speed, wind, and sievers. Can be recleaned in 
ordinary fanning mill, scalper, or by rethreshing. Processing in hammermill not essential. Seed quality: 60 
percent purity; 70 percent germination; 42 percent PLS; and 191,000 seed per pound. 

Germination and Seedling Characteristics 

Germinates in 28 days under standardized lab conditions; most seed germinates in first 7 days with ideal 
field conditions. Seedling vigor is fair in comparison to all grasses but good when compared to native Warm 
season grasses. Under unusually favorable conditions may produce a forage crop the first season, usually 
not until second season. Established plants spread slowly by tillering and mostly by rhizomes. Field 
germination, emergence, and establishment better than with blue grama (5). 

MANAGEMENT 

Native stands used for pasture, less commonly for hay. Often used in mixtures for seeding abandoned and 
eroding fields, depleted ranges, and bare, eroding, and disturbed soils in northern, central, and southern 
Great Plains and Southwest. Recommended for seeding silty, clayey, and sandy upland sites in the 12 to 
25 inches MAP zones in the central Great Plains; also on overflow and sUbirrigated sites in drier zones. Used 
somewhat for seeding intermittently flooded waterways. New seedings require weed control by grazing, 
herbicides, or repeated mowing. Graze stands moderately to maintain production; leave a 3 to 6-inch 
stubble on better condition ranges; use a deferred rotati on grazing plan to improve stands in unsatisfactory 
range condition. Seeds eaten by songbirds; small mammals consume seed heads and plants. 

ASSOCIATED SPECIES 

Species occurs somewhere mixed with most of the major grasses of the Great Plains and Southwest; most 
commonly with blue grama (B. gracilis) and little bluestem (Schizachyrium scoparium). Variety of forbs 
and shrubs also occurs in such mixtures. Commonly seeded in warm season mixtures with bluestems 
(Andropogon spp.) and grama grasses; less commonly with cool season grasses, forbs, and shrubs. Few 
legumes persistent on sites where species is used. Plant legumes or nurse crops, when recommended, in 
alternate rows to minimize competition. 

PESTS AND DISEASES 

Grasshoppers destructive, especially of seedling stands. Some leaf and stem rust in wet years, somewhat 
reduced in improved varieties. 

IMPROVED VARIETIES 

'Butte', from Nebraska, is relatively early maturing and is recommended in portions of Colorado, Nebraska, 
and Kansas, and the Dakotas. 'Coronado' was developed from eastern New Mexico collections and is 
recommended in portions of New Mexico, Texas, Oklahoma, and Kansas. 'Pierre' is Winter-hardy in the 
central Dakotas and southeastern Montana and was developed by increase of a South Dakota collection. 
'Premier', from Mexico, is recommended for portions of west-central Texas. 'Trailway', developed from 
Nebraska collections, is recommended for portions of central Nebraska and Kansas. 'Tucson', from 
Arizona, is recommended for portions of southwestern New Mexico and southeastern Arizona. 'Uvalde' is 
recommended for portions of southcentral and the Big Bend regions of Texas. 'Vaughn', from New Mexico, 
is Widely recommended for portions of west Texas, New Mexico, western Oklahoma, southwestern Kansas, 
eastern Colorado, and southeastern Wyoming. Consult with plant materials specialists for local variety and 
strain adaptations to sites and for specific purposes. 

REFERENCES 

(1) Gould, F. W. 1975. The grasses of Texas. Texas A&M Univ. Press. 653 pp. 

(2) Vallentine, J. F. 1967. Nebraska range and pastu re grasses, Neb. Ext. Servo eire. 170. 5 pp. 
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(4)	 Derscheid. L. A., R. A. Cline, and E. E. Sanderson. 1977. Planting tame pastures and haylands. So. Dak. Ext. Serv. 
Fact Sheet FS 503. 8 pp. 

(5)	 Newell, L. C., R. D. Staten, E. B. Jackson, and E. C. Conard. 1962. Sideoats grama in the Central Plains. Neb. A.gr. 
EXP. Sta. Bull. 38 pp. 

(6)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157: 
EPA-600-7-79-134. 88 pp. 
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Figure 11, Sideoats grama (Boute/oua Gurtipendu/a). Plant x 1/2; leafblade, ligule x 2: "spike" or spicate
branch x 6. 
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BLUE GRAMA 
Boute/oua gracilis (H.B.K.) Lab. ex Steud 

ORIGIN 

Native. Major species of the western Great Plains and Southwest. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Warm season, open, sod-forming shortgrass of the C-4 type. Bunch growth form in South; sod-former in 
North, higher elevations, and when closely grazed. 

Dense tufted, commonly 6 to 24 inches tall with grey-green basal leaves. Leaf blades flat to 
loosely inrolled, narrow and short. Ligule a hairy semicircle. Inflorescence of one to three 
spike-like, comb-shaped spicate branches, bluish-purple when young, straw-colored after 
maturity. Spikelets small and in two rows on underside of axis (1). 

Highly palatable to livestock yearlong; used sparingly by antelope. Starts growth midspring, matures 
intermittently summer to fall, makes good summer regrowth but little regrowth in fall. Nutritious herbage 
and cures on stem at higher nutritive level than most grasses. 

ECOLOGICAL CHARACTERISTICS 

Thrives on soils varying from sandy to clayey textured; grows less vigorously on sands and clays. Tolerant 
of moderate soil salinity and commonly present on alkaline, but rarely on weakly acid, soils. Rather Jow 
level of fertility demand; some reports of favorable responses to nitrogen but usually more response to 
nitrogen by associated cool season or weedy competitors. Intolerant of frequent flooding or much 
submergence. Not shade-tolerant. Variable fire tolerance: fair when dormant; some damage during active 
growth, especially during drought. Most drought-tolerant of major grasses an Great Plains rangelands; 
also most grazing tolerant, except for buffalograss (Buchloe dactyloides). Unique ability to become 
semidormant with increasing drought; renews growth quickly with available moisture. Produces flowers 
and seed in 60 days after growth renewal in central Great Plains (2). May produce two or,rarely, a third crop 
of seedstalks with intermittent moisture. Good winter hardiness of loca! strains; some stand losses from 
distant southern seed sources. Seeds from sources up to 200 miles south of planting site usually produce 
more forage than local sources but seeds from northern and western sources more than 100 miles distant 
are less vigorous and mature earlier (3). Only fair compatibility in seeding mixtures due to greater 
palatability, shorter stature, and weak seedling vigor (3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed with special grass drill 1/4 to 1/2 inch deep or broadcast and cover with soil to similar depths. 
Better establishment obtained in wind erosion areas when seeded in protective nonvolunteering crop 
stUbble. Light irrigations and mUlching essential to seeding success on harsh, erosive sites and surface
mined soils. Drill-seed 25 to 40 pure live seed per square foot (1 to 3 pounds PLS per acre) to obtain 1 to 3 
established seedlings per square foot, the minimum satisfactory stand on rangelands. Increase rates 50 to 
100 percent or more for broadcasting, harsh sites. south and west exposures, and where earlier or denser 
~over needed (4). Suitable planting dates are April to mid-May in Central Great Plains, slightly earlier in 

outhern Great Plaiils, and June 15 to July 15 in Southwest. Seed before or very early in the 1 to 2-month 
period most favorable for rapid germination and seedling establishment (5). 

~d Cleaning and Quality 

Seed can be combine harvested satisfactorily by making necessary adjustments in equipment settings and 
speed. ~eed may be processed to acceptable quality using a scalper, hammermill, or rethreshing with a 
9p

entle alrblast. Seeo quality 45 percent purity; 70 percent germination; 31 percent PLS: and 711,000 seed 
er POund. 
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Germination and Seedling Characteristics 

Seed germinates in about 1 week under ideal field conditions; takes 28 days in standardized lab tests. 
Seedling vigor is weak. Seedling lacks seminal lateral roots and crown, from which adventitious roots arise 
is located next to soil surface, a precariously dry microenvironment. Plants die during first winter unles~ 
timely rains permit adventitious root development. Timely irrigation essential to seedling establishment. 
Seedling establishment problems make species usable only where need justifies extra economic and 
management inputs. 

MANAGEMENT 

Native stands used for pasture, soil stabilization, and bird cover. Seeds eaten by songbirds; sma!1 mammals 
eat heads and plants. Seeded for revegetatjng abandoned croplands and disturbed areas. Weed control 
needed in seedling stands; may be by grazing, herbicides. or mowing (5). Native stands are grazed 
continuously yearlong or in summer. Optimum forage and livestock production when 300 pounds of 
herbage left after grazing in eastern Colorado (6). Rotation or deferred rotation grazing advocated to 
maintain or restore range at/to optimum cover and production. Similar management needed on seeded 
stands. 

ASSOCIATED SPECIES 

Species commonly occurs in mixed stands, primarily with buffalograss (Buch/oe dacty/oides) , needle-and
thread (Stipa comata). and western wheatgrass (Agropyron smithii) in the shortgrass prairies and with 
prairie sand reed (Ca/amovilfa /ongifolia) and sand sagebrush (Artemisia fi/ifo/ia) on sandy sites Species 
sometimes seeded aione or mixed with species native to the site being seeded. Seeding native species 
mixtures adapted to a site requires less management input for sustained production than seeding with 
exotics (7). 

PESTS AND DISEASES 

Grasshoppers damage forage and stands. White grub larvae of the common green June beetle (Cotina 
nitida) feed on roots and infrequently thin stands. 

IMPROVED VARIETIES 

'Lovington', released in New Mexico, was selected for outstanding vigor and forage production. Adapted to 
medium to fine-textured soils of uplands in eastern New Mexico, northwest Texas, and southeastern 
Colorado. Consult with plant materials specialists for best local strain and developing variety recommen
dations; e.g., a strain that will establish from greater depths of seeding is being tested in New Mexico. 

REFERENCES 

(1) Vallentine, J. F. 1967. Nebraska's range and pasture grasses. Neb. Ext. Servo Circ. 170.55 pp. 

(2) Weaver, J. E.. and F. W. Albertson. 1956. Grasslands of the Great Plains. Johnsen Pubt. Col., Lincoln. NE. 395 pp. 

(3)	 Savage. D. A. 1939. Grass culture and range improvement in the central and southern Great Plains. U.S. Dept. Agr. 
Circ. 491.55 pp. 

(4) Launchbaugh, J. L., and C. E. Owensby. 1970. Seeding rate and first-year stand relationships for six native grasses. 
J. Range Manage. 23:414-417. 

(5) Launchbaugh, J. L., and C. E. Owensby. 1978. Kansas rangelands, Kans. Agr. Exp. Sta. BUlL 622.56 pp. 

(6) Bement, R. E. 1969. A stocking-rate guide for beef production on blue-grama range. J. Range Manage. 22:83-86. 

(7) Cooper. H. W. 1957. Some plant material and improved techniques used in water conservation in the Great Plains. 
J. Soil Water Conserv. 12:163-168. 
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Figure 12. Blue grama (Baute/aua gracilis). Plant x 1; spikelet x 12.
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SMOOTH BROME 
Bromus inermis Leyss 

ORIGIN 

Native to Europe, Russia, and Siberia. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Leafy, medium-sized, cool season, long-lived, sod-former of C-3 type. 

Culms 2 to 4 feet tall, leafy at base and with brown, sealey rhizomes. Leaf blades broad, 
smooth, flat, and lax. Ligule papery and about 1/8 inch long. Sheaths an unsplit cylinder, 
basal ones slightly hairy. Inflorescence an open panicle 4 to 8 inches long with numerous 
ascending branches. Spikelets flattened, cylindric shaped, 5 to 1a-flowered. Glu mes short; 
lemmas flattened, brown at maturity, awnless or minutely awned from between two small 
apices (1 j. 

Vigorous, uniform sod-former with dense, surface fibrous roots and rhizomes and moderately deep and 
extensive fibrous root system. Growth starts in early spring, makes vigorous vegetative growth during May 
or June (later at higher elevations and latitudes), matures during late June and July and becomes 
semidormant until cooler and/or rainy fall weather. Makes abundant early summer and fall regrowth. 
Highly palatable to livestock when green, poor palatability in winter; low palatability to elk in spring and fall 
and to deer in spring. Canada geese graze young plants. 

ECOLOGICAL RELATIONSHIPS 

Thrives in fertile, deep, silty and clayey soils in cooler subhumid zones. Not very vigorous on sandy and 
dense clay soils. Better performance in 16 to over 20 inches MAP zones but useful and sometimes naturalized on 
overflow and subirrigated sites in lower rainfall zones. Fair salinity tolerance and grows on weakly acid to 
weakly alkaline soils. Fair drought tolerance; declines sharply in production but usually survives, recovers, 
and spreads by rhizomes. Good cold tolerance and winter-hardiness. Adapted and persisting at subalpine 
elevations about 11,000 feet in elevation with management in central and southern Rocky Mountains; not 
persisting above 9,000 feet in elevation in northern Rocky Mountains. Somewhat intolerant of prolonged 
summer heat and generally not adapted to nonirrigated sites much below 5,000 feet in elevation in Arizona, 
New Mexico, and Texas. Moderate tolerance to early spring flooding but not tolerant of high water tablesin 
surface foot of soil. Optimal growth on well-drained soils. Moderate shade tolerance. Responds well to 
irrigation and nitrogen fertilization. Dense stands become sod-bound in 3 to 5 years without a perennial 
legume in stand or nitrogen fertilization (2,3). Fair tolerance of fire when dormant and in early spring (4). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/2 to 1 inch deep on finer to coarser textured soils, respectively. Better stands obtained on 
prepacked seedbeds. Cover broadcast seed with soil to same depths. Drill15 to 20 PLS per square foot (5 to 
7 pounds PLS per acre) for pasture purposes in drier, subhumid zones. Increase seeding rate 50 to 100 
percent for broadcasting; on harsher, erosive, and south and west exposures; humid zones; and where 
quicker and denser cover is desired. Supplemental mulching results in better stand establishmenton steep 
and erosive slopes. Plant before or very early during the most favorable 2-month period for rapid 
germination and seedling establish ment; early spring, late fall, early fall before October, June 15 to July 15 
in southwestern pine and adjacent zones, or June or as early as possible in summer at higher mountain 
elevations (3,5). 

Seed Cleaning and Quality 

General preference is to either combine harvest seed when fUlly mature or to use a swather first. One 
experimental test yielded 694, 584, and 394 pounds per acre of 'Manchar' seed by binding and threshing, 
swathing, and combining direct, respectively (6) Seed quality: 92 percent purity; 85 percent germination; 
78 percent PLS; and 140,000 to 145,000 seed per pound. 
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season. 

'Ina tion and Seedling Characteristics 
~ 

d germinates rapidly in 14 days and is aided by a short prechilling treatment. Strong seedling vigor. 
~::dY for grazing by end of second growing season wi1h good moisture conditions. 

MANAGEMENT 

S ecies used for nonirrigated pasture; fC?r soil conservation and stabilization in grass water.~ays, t~rrace 

Ptlets drainage ditches, and on roadsides; also seeded for Irrigated pasture and hay, wl1h or without 
°l~alfa '(Medicago sativa) and other species. Widely used in game range restoration and mined land 
atabilization. Provides fair cover for small game and upland birds but low diversity of cover due to 
Sompetitiveness. Seeds eaten by birds and rodents. Control weeds when necessary in seedling year. Graze 
~oderatelY spring and fall to complement native range grazed in summer. More uniform grazing use by 
rotation grazing system; more vigorous stands obtained by resting periodically during active growing 

Fertilization program necessary to maintain sustained high levels of production; conservative 
fertilization may be needed to maintain moderate volumes of cover. 

ASSOCIATED SPECI ES 

commonly seeded with alfalfa (Medicago sativa) in Northcentral and Midwestern States and under 
irrigation in West. Commoniy used in meadow and rangeland seeding mixtures with other cool season 
species and legumes for higher elevation zones. Soon'becomes sodbound when grown alone. 

PESTS AND DISEASES 

Grasshoppers, gophers. and other rodents may damage stands and/or forage. Fungicidal seed treatment 
aids in control of seed-borne seedling diseases. Considerable leaf and stem rust, leaf spot, stripe, and 
occasionally head-smut affect forage and seed quality, especially in wet years. 

IMPROVED VARIETIES 

Marked differences associated with northern and southern smooth brome strains, which originated in 
northern and central Europe, mostly in Russia and Hungary, respectively: 

Northern Type Southern Type 

symmetrical open panicle one-sided, drooping panicle 
weakly rhizomatous strongly rhizomatous 
better seed producer poorer seed producer 
less rapid sod binding rapid sod binding 
more recovery after cutting less recovery after cutting 
less drouth resistance more drouth resistance 
less seedling vigor more seedling vigor 
later spring grower earlier spring and later fall grower 

Northern-type cultivar (Origin) Southern-type cultivars (Origin) 

'Parkland' (Canada) 'Lincoln' (Nebraska) 
'Superior' (Canada) 'Achenbach' (Kansas) 
'Manchar' (Washington) 'Fischer' (Iowa) 
'Carlton' (Canada) 'Elsberry' (Missouri) 
:Homesteader' (South Dakota) 'Lancaster' (Nebraska) 
Martin' (Minnesota) 'Lyons' (Nebraska) 
:KUhl' (Oregon) 'Southland' (Oklahoma) 
Saratoga' (New York) 

ConsUlt pia t . . . . 
n matenals speCialists In each state for adaptation and best use of these and newly developed

ars. 
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Figure 13. Smooth brome (Bromus inermis) Plant x 2/3; spikelet x 2; two florets x 3. 
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MOUNTAIN BROME 
Bromus marginatus Nees
 

[::= B. carinatus Hook, & Am. (1)]
 

ORIGIN 

Native 10 the intermountain West See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Rapid developing, short-lived, medium-sized, cool season bunchgrass of the C-3 type. Tufted with fibrous, 
shallow roots. 

Coarse culms 1 to 4 feet tall. Coarse basal and cauline leaves. Blades flat, wide, smooth to 
fine hairy; sheaths soft hairy; ligule membranous, 3/16 inch long. Inflorescence a narrow, 
open panicle, 4 to 8 inches long with erect or spreading (not nodding) branches. Spikelets 
flattened, seven to nine-flowered. Lemmas, enclosing seed, hairy on back, with terminal 
awn up to 1/4 inch long from between two teeth (1). 

Freely interbreeds with California brome (8. carinatus) and foothill brome (8. polyanthus} to form a 
"mountain brome complex." Good palatability to livestock and elk when green; only fair palatability to deer 
in spring, Canada geese pluck young plants. Seeds relished by livestock in fall. Moderate regrowth 
production in summer and only fair regrowth amount in fall (2). 

ECOLOGICAL RELATIONSHIPS 

Thrives on moderately deep, fertile, moist, medium to fine-textured soils but moderately vigorous on thin, 
infertile, coarser, fairly dry soils, especially of open communities and disturbed sites. Tolerant of fair 
salinity but intolerant of high water tables and early spring flooding. Vigorous native stands occur in 18 
inches or more MAP zones. Weakly moderate drought tolerance. Good winter-hardiness: common in 
foothills to abundant at mountain elevations of about 10,000 feet in central Rocky Mountains, Good shade 
tolerance and grows in moderately dense aspen stands. Only fair tolerance of wildfires; survives chiefly by 
seed. Weak stand longevity of 3 to 5 years partially compensated by good self-seeding habits. Weaker 
responder to irrigation; moderate growth response to fertilization (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed about 1/2 inch deep on finer textured soils, 1 inch deep on medium, and 1 1/2 inches deep on 
coarse-textured soils. Species commonly seeded at 8 to 12 pounds PLS per acre for rangeland purposes: 
rate may be increased on disturbed soils and on harsh or eroding surfaces. Supplemental mulch aids soil 
stabilization and stand establishment on steep and erosive sites. Seed in late fall or as early in su mmer as 
possible in higher mountains. (4). 

Seed Cleaning and Quality 

Seed shatters quickly, Harvest with binder in dough stage, shock and dry, then thresh. Use hammermill to 
remove awns for drill seeding, Reclean to commercial quality in a fanning mill. Seed quality: 98 percent 
purity; 85 percent germination; 83 percent PLS; and 70,000 to 90,000 seed per pound (5), 

Germination and Seedling Characteristics 

Seed germinates in 14 days after prechilling, Excellent seedling vigor. Commonly heads out first growing 
season. 
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MANAGEMENT 
. t'm es seeded with yellow sweetclover (Melilotus officinalis) for crop rotations to improve soil organic 
Some land tilth in Pacific Northwest. Used in seeding mixtures to revegetate livestock and big game ranges. 
matte~ect road cuts and fills, mined lands, and burned-over forestlands. Control weeds in seedling stands 
to proabundant. Rotation grazi ng of native stands best management for species. Encourage self-seeding to 

. ~her~ve stand longevity. Nitrogen fertilization program benefits commercial seed production. Seeds are 
Hntp by songbirds and rodents. 
ea en 

ASSOCIATED SPECIES 

Native stands occur mixed with needlegrasses (Stipa spp.), fescues (Festuca spp.), wheatgrasses 
(Agropyron spp.), bluegrasses (Poa spp.), forbs, and shrubs in mountain shrub, aspen, grassland, and dry
rneadow types. Commonly seeded with shade-tolerant species (e.g., orchardgrass (Dactylis glomerata) 
and tall oatgrass (Arrhenatherum ela/ius)), in shaded tall mountain shrub types and with these and other 
rnesic grasses and adapted legumes in aspen and open subalpine sites on intermountain livestock and big 
garne rangelands. Separating mountain brome from other grass by drilling seeds in alternate rows may 
irnprove stand establishment of the weaker, longer-lived grasses. 

PESTS AND DISEASES 

Seed-eating rodents and gophers troublesome on wooded and forb-populated ranges. Aphids affect seed 
production. Litter removal from seed production fields may reduce insect damage. Head and seed smut 
sornetimes problems; fungicidal seed treatment beneficial in seed industry, unnecessary for forage 
production. 

IMPROVED VARIETIES 

'Bromar', only variety, was selected and released from Washington primarily for its high production 
potential in crop rotations when mixed with yellow sweetclover (Meli/otus officinalis) (5). 
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(4)	 Hull, A. C., Jr. 1974. Seedling emergence and su rvival from different seasons and rates of seed ing mountain range
lands. J. Range Manage. 27:302-304. 

(5)	 Hafenrichter, A. L., J. L. Schwendiman, H. L. Harris, R. S. MacLauchlan, and H. W. Miller. 1968 Grasses and 
legumes for soil conservation in the Pacific Northwest and Great Basin states. U.S. Dept. Agr., Agr. Handb 339. 
69 pp. 
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Figure 14. Mountain brome (Bromus marginatus). Plant x 1/2; floret, glumes x 2. 
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PRAIRIE SANDREED 
Calamovilfa longifolia (Hook.) Scribn. 

ORIGIN 

Native of Great Plains and adjacent areas. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Coarse, stemmy, warm season, open-sod former of the C-4 type. 

Culms 2 to 5 feet tall, arising singly and attached to stout, sealey, spreading rhizomes. 
Leaves mostly cauline, pale green to straw colored Blades rigid. flat to rolled. hairless, 1 
foot long or longer, tapering to drawn-out tip. Ligule short hairy and collar hairy inside. 
Panicle 6 to 14 inches long. semiopen and wider at middle. Spikelets pale, shiney, and one
flowered; lemmas awnless and densely hairy at base (1). 

Effective sand-binding, coarsely fibrous root system augmented by rhizomes. Growth starts in late spring 
and flowering occurs between July and September in the Nebraska sandhills. Fair volume of regrowth 
made in summer and poor amount in fait. Uniformly fair palatability to livestock summer and winter and to 
elk summer and fall (1,2). 

ECOLOGICAL CHARACTERISTICS 

Optimal performance on sandy-textured soils in the 16 to 20 inches MAP zones. common in the 12 to 16 
inches zone, and occurs on medium-textured soils in overflow, silty, and limey upland range sites. Tolerant 
of weakly acidic. alkaline, and saline-nonsodic soils. Strong drought resistance. occurring in the 10 to 12 
inch MAP zone. and replacing bluestem grasses (Andropogon spp.) during the protracted drought periods. 
Intolerant of high water tables and early spring flooding. Good cold tolerance but native seed from distant 
southern or far lower elevational sources may lack good winter-hardiness. Species common from about 
2,000 feet in elevation or lower in Great Plains to about 6,000 feet in elevation in Rocky Mountain river 
valleys or on the intermountain desertic plains. Intolerant of shade at all growth stages. Wildfire damages 
sites but species fire-tolerant when dormant. Good tolerance of grazing. Increaser in mixtures with 
bluestems (Andropogon spp.); decreaser with commonly associated shortgrasses. Can be largely 
displaced by shortgrasses by prolonged close and frequent use. Strong competitor when well established 
(2,3). 

CULTURE 

Planting Depth. Rate, and Time 

Drill seed 1 inch deep in sandy soils and shallower in medium-textured soils. Need special grass drills to 
handle hairy, unprocessed seed. Cover broadcasted seed with soil to similar depths. Drilling in 
non~olunteering crop stubble or using seed-hay method of seeding improves stand establishment on 
ero~lve sites. Irrigation essential to successful seeding of mined lands and critical habitats. Species may be 
SPrigged in sand dunes and erosive sites; e.g., in "blowouts." Drill 25 to 40 PLS per square foot (4 to 7 
pounds PLS per acre) for rangeland purposes. Double rate for broadcasting and for harsh. erosive, and 
South- and west-facing sites Better seeding times: early spring, mid-spring. or before the 2-month period 
most favorable for good germination and seedli ng establish ment. Irrigated seedi ngs may be seeded spring 
Or early enough in summer that seedlings become well rooted before winter (2,4). 

~ Cleaning and Quality 

~ifficult to harvest in quantity due to late matu rity, seed shattering, and hairy seed. Co mbine seed in dough 
geage: Pr.ocess In hammermill and reclean in fanning mill. Seed quality: 85 percent purity; 75 percent 

rnn1natlon; 64 percent PLS; and 274,000 seed per pound (2). 
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Germination and Seedling Characteristics 

Seed germinates in 28 days after 2-week prechilling period. Seedling vigor is only fair. Stands develop 
slowly and may require 3 years or longer for fully developed stand. 

MANAGEMENT 

Native stands used for grazing and hay. Occasionally seeded in warm season grass mixtures on sandy
textured soils: less commonly drilled or seeded by seed-hay method for stabilizing unstable sandy lands 
including "blowouts" and sand dunes. Rangeland and seeded stands managed by moderate continuous o~ 
rotation grazing in summer or yearlong. Poor stands and range condition improved by winter grazing or 
deferred rotation grazing. Weedy new seedings and established stands improved by herbicides (5). 

ASSOCIATED SPECIES 

Occurs mixed in native stands with sand bluestem (Andropogon hallii) , little bluestem (Schizachyrium 
scoparium) , and sand lovegrass (Eragrostis trichodes) on choppy sand range sites and with sand bluestem, 
needlegrasses (Stipa spp.), and grama grasses (Boutefoua spp.) on sand range sites in the central Great 
Plains. Several shrubs, including soapweed yucca (Yucca gfauca) and sand sagebrush (Artemisia fi/ifolia) , 
and a variety of forbs occur intermixed on these sites. Species is seeded in warm season mixtures on sandy 
lands; more commonly mixed with bluestem grasses. Sometimes seeded in mixtures which approximate 
the climax composition of a range site. May be seeded alone on harsher sites and for optimal management. 

PESTS AND DISEASES 

Grasshopper infestations damage new seedings. Gophers undercut, smother, and use forage. Diseases 
seldom of economic importance. 

IMPROVED VARIETIES 

'Goshen', only variety, developed from Wyoming collection; adapted for seeding in portions of Wyoming, 
Montana, western Dakotas, and Nebraska. 

REFERENCES 

(1) Vallentine, J. F. 1967. Nebraska range and pasture grasses. Neb. Agr. Ext. Serv. Circ. 67-170.55 pp. 
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Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

(4)	 Flory, E. L., and C. G. Marshall. 1942. Regrassing forsoil protection in the Southwest. U.S. Dept. Agr. Farmers' Bull. 
1913.60 pp. 

(5)	 Sims. P. L., B. E. Dahl, and A. H. Denham. 1976. Vegetation and livestock response at three grazing intensities on 
sandhill rangeland in eastern Colorado. Colo. State Univ. Exp. Sta. Tech. Bull 130.48 pp. 
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Figure 15. Prairie sandreed (Calamovilfa longifolia). Plant x 1/2; two spikelets, floret x 6. 
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BASIN WILDRYE 
Efymus cinereus Scribn. and Merr. 

ORIGIN 

Native to intermountain region and adjacent areas. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Tall, coarse, cool season bunchgrass of the C-3 type. 

Robust, forming clumps 3 feet across with erect culms 3 to 6 feet ortaller, typically without, 
but often With, short rhizomes. Leaf blades wide, long, and flat with raised veins; 
conspicuous papery ligule and pointed auricles. Inflorescence a stout, stiffly erect spike; 
someti mes branched; with th ree to six sp ikelets clustered at each axis joi nt: slender bristle
tipped glumes and several larger, pointed, seed-bearing lemmas, rarely short-awned (1). 

Extensive soil-binding, coarse, fibrous root system. Earlier spring growth and ready for grazing 3 weeks 
earlier than tall wheatgrass (Agropyron efongatum). Fair palatability to cattle, horses, and elk spring and 
fall; better palatability early in season; good winter forage and cover above snow Fair volume of summer 
and fall regrowth where sUbirrigated (1). 

ECOLOGICAL RELATIONSHIPS 

Adapted to same soils as tall wheatgrass in intermountain region: optimal in silty and clayey soils; 
somewhat tolerant of sandy and clay-textured soils. Various ecotypes tolerant of strongly saline-nonsodic 
and saline-sodic soils. Better adapted to winter-wet and summer-dry climates than summer-wet and 
winter-dry climates. Adapted to below 10 inches to over 20 inches MAP zones, optimal in overflow and 
sUbirrigated range sites of over 15 inches MAP zones. Moisture concentrating site more controlling than 
MAP. Tolerant of fair soil drainage, short term winter flooding, and water table intermittently in top foot of 
soil. Better tolerance of prolonged summer drought than tall wheatgrass. Local strainslecotypes 
winter-hardy, but b9 cautious about using seed from markedly different latitudes, elevations, and habitats. 
Grows at 1,000 feet to 2,000 feet in elevation in drainage basins and up to 8,000 or9,OOO feet in mountains. 
Tolerant of partial shade of shrublands and woodlands. Generally fire-tolerant but may be damaged by 
wildfire with dry soil conditions. Moderate grazing resistance but susceptible to damage from intense 
grazing of early spring and fall regrowth. Very strong competitor, suppressing associates and herbaceous 
weeds (1,2). 

CULTURE 

Planting Depth, Rate, and Time 

Use similar culture to tall wheatgrass: seed at 1 inch depth, drill seed 20 PLS per square foot (5 pounds PLS 
per acre) for dense pasture swards or use half as much seed when drilled early spring in furrows or 
corrugations on spring-flooded sites. Seed late fall or as early as possible in summer in mountain sites (3). 

Seed Cleaning and Quality 

Combine seed directly or collect by hand, chop, and fan for small projects. Seed quality: 80 percent purity; 
85 percent germination; 67 percent PLS; and 95,000 to 166,000 (median 130,500) seed per pound. 

Germination and Seedling Characteristics 

Germinates in 21 days with alternating temperatures in lab tests. Fair seedling vigor. Stands establish by 
second or third season. 
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MANAGEMENT 

Native stands used for spring and fall pasture and hay; species seeded on subirrigated and flooded sites for 
imilar purposes and standing winter hay; potentially useful for soil stabilization of drainage ditches and 

~isturbed soils. Excellent upland game bird cover and emergency winter big game forage (4). Potentially 
seful as fence row plantings and field and windbreak borders. Management of stands similar to tal! 

~heatgrass; withhold grazing in spring until10 inches high,leave at least 6-inch stubble; rest while enough 
soil moisture remains for growth to restore root reserves; follow same stubble-height guides in using fali 
regrowth; and rest from gra~ing before winte~ dormancy. Dense stands without legumes require a 
fertilization program for sustained high production. 

ASSOCIATED SPECIES 

Commonly occurs mixed with big sagebrush (Artemisia tridentata) , black greasewood (Sarcobatus 
vermicuJatus) , wheatgrasses (Agropyron spp.), and narrow-leaved cottonwood (Populus angustifoJia). Not 
often seeded in mixtures 

PESTS AND DISEASES 

Sometimes severely infested with leaf rUSls, damaging forage quality. Some ergot occurs in wet years. 

IMPROVED VARIETIES 

'Magnar' is used for soil stabilization in southern Idaho, northern Utah, and northern Nevada. 

Russian wild rye 
Elymus junceus Fischer 

Introduced into northern Great Plains, intermountain, and Rocky Mountain regions. Densely tufted, 
basal-leaved, cool season bunchgrass superficially resembling crested wheatgrass (Agropyron crista
tum). Short, dense, flat-cylindric spike with two or more short-awned spikelets clustered at axis joints. 
Lemmas containing seeds, short-awned and fine fuzzy on backs. Resumes spring growth and matures 
earlier than crested wheatgrass; makes much more regrowth, stays green all summer with moisture, and 
regrowth stays green later in fall. Weak seedling vigor and less drought resistance in seedling stage, partly 
due to few lateral seminal roots. Strong competitor when well established, self-thins into oper. stands 
and better planted alone in 18 inch or wider rows on semiarid sites; intensively managed and fertil
ized where economic. More palatable and nutritious than crested wheatgrass. Better adapted on 
silty and clayey soils of high fertility with good balance in precipitation or more summer than winter 
precipitation. More tolerant of summer heat in summer rainfall areas than crested wheatgrass. Seeaed 
exclusively for pasture; wide plant spacings ineffective in controlling soil erosion or stabilizing soils on 
slopes. Culture similar to crested wheatgrass except fOi wide row spacing and incompatibility in seeding 
mixtures. Stands more difficult to establish than crested wheatgrass and plants moresensitiveto nitrogen. 
Optimally used spring and fall or summer and fall to complement other forage resources. Provides some 
winter grazing in Southern Plateau region. Longevity 25 years or longer in northern Great Plains; shorter in 
certain areas of Great Basin. Varieties: 'Mayak' and 'Sawki' in Canada; 'Vinall', selected in U.S. for more 
consistent and greater seed production (5). 

Canada wildrye 
Elymus canadensis L. 

Native, stemmy, short-lived, perennial bunchgrass 2 to 4 feet tall with broad, rough basal and stem leaves 
having large auricles. Tufted with shallow, coarse, fibrous roots; not strongly competitive. Nodding coarse 
sp.ikes with two Of more awned spikelets per axis joint, bearing two to five seed-containing lemmas witn 
1-mch long curled awns. Secondary species in midwestern prairies where reacts as a decreaser; spalser 
and more commonly found in disturbed sites in western Great Plains and intermountain West. Very strong 
see.dling vigor. forming stands first year. reaching peak production second and third year. then thinning 
rapidly. Sometimes used as rapid developer and site stabilizer in seeding mixtures, where better seeded in 
alternate rows with other species; rarely seeded alone or with sweetclover (Meli/o/us spp.) as a short term 
pasture in place of annual cereal grains, and partly for crop rotation benefits. Potentially greater longevity 
as a replacement for cereal grains now seeded in some alternate row plantings with long-lived perennial 
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mixtures for disturbed soil stabilization Seeds can be hammermilled for drill seeding. Plants occasionally 
infested with leaf and stem rust and ergot. Fair palatability before heading. Moderately drought resistant 
and winter-hardy, but avoid distant southern and low altitude sources of seed. Seed supplies scarce. 

REFERENCES 

(1) Shaw, A. F., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation, and wildlife handbook 
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legumes tor soil conservation in the Pacific Northwest and Great Basi n States. U.S. Dept. Agr., Agr. Handb. 339. 
69 pp. 

(4) Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish and 
Game Pub!. 68-3 183 pp. 

(5)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
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igure 16, Canada wildrye (Elymus canadensis). Plant x 1/2; floret, two rachis internodes with spike
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WEEPING LOVEGRASS 
Eragrostis curvula (Schrader) Nees 

ORIGIN 

Introduced into Southern Great Plains and Southwest from South and East Africa.See mapior distribution 
in the U.S. 

SPECIES CHARACTERISTICS 

Medium-sized, coarse-leaved, warm season, perennial bunchgrass of the C-4 type. 

Densely tufted with culms 2 to 4 feet tall, purple at nodes when young, and sometimes 
branched, with abundant long, drooping, basal leaves 1 to 2 feet long. Leaf blades inrolled 
and tapering to brown threadlike tips. Basal sheaths hairy on back; ligule hairy. Elongated, 
semiopen, panicle-type inflorescence, 10 to 16 inches long, with slender, ascending 
branches borne singly or in pairs, weakly hairy in axils. Spikelets compressed, 7 to 11
flowered. narrowly lance-shaped and gray-green to lead colored Lemmas small, overlap
ping, pointed, and unawned (1). 

Extensive fibrous root system effective in stabilizing soil. Growth starts earlier in spring and maturity 
occurs earlier than for native grasses. Flowers in late spring and again in late summer or fall; flowers with 
pleasing aroma. Fai r palatability to livestock, better when herbage g razed before 40-days old. Good volu me 
of summer and early fall regrowth with adequate soil moisture and soil fertility (1,2) 

ECOLOGICAL RELATIONSHIPS 

Thrives on fertile sandy to silty-texture soils in warm temperate to subtropical subhumid climates. but 
g rows on coa rse sands and clayey soils of lower fertility. 0 utstanding ability to become established on land 
classed as poor for crop production. Better performance in the 20 t040 inches MAP zones. but grows well in 
the 15 to 20 inches zone and even in the 10 to 15 inches zone with intensive culture. especially on water 
accumulation sites or with irrigation. Tolerant to strongly alkaline and highly acid soils. Sensitive to cold, 
only adapted to areas with mean minimum temperatures above -50 F. Grows between sea level in East and 
about 7,000 feet in elevation in Southwest. Moderate shade tolerance; performs well in partial shade of 
woodlands. Tolerant of annual burning in dormant state or at start of growth in early spring. Moderately 
tolerant of grazing; grazed or mowed plants more thrifty than unharvested plants, except some winterkill 
from tall grazing before fall dormancy near northern limits of adaptation. Strong competitive ability; not 
easily managed or compatible in mixtures. May become somewhat weedy without management. (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Regulate drill seeder to have seed covered 1/2 inch deep on loam soils or no more than 1/4 inch deeper or 
shallower in drier or windier areas and/or seasons or in coarser soils or wetter and finer soils. respectively. 
Better stand establishment when drilled in harvested. close-drilled sorghum or sudan stubble in areas of 
high wind erosion in southern Great Plai ns and in pits, basins. 0 r furrows in arider Southwest. Irrigation and 
supplemental mulching may be necessary to establish good stands on surface mined lands. Recommend
ed rates: 20 PLS per foot of row planted in 12-inch rows for rangeland; but preferably in 36 to 42-inch rows 
for intensively managed pastures (2). Forty to fifty drilled PLS per square foot or 60 broadcasted PLS per 
square foot recommended ior critical area stabilization and mined land revegetation. Time seeding to 
precede the 2-month period most favorable for rapid germination and seedling establishment; better dates 
are as early as late February in South, as lateas June in the northern limits of adaptation, March 15 to May 15 
at Woodward, Oklahoma, and just prior to, or early after, start of uncertain rainy periods of more arid 
So uthwest. (2,4). 
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Seed Cleaning and Quality 
::-:-
seed ready to harvest when 25 percent of grains are amber colored. Harvest seed directly by combining; by 
binding, shocking, and threshing; or use double reel seed stripper at 1a-day intervals to collect Irregularly 
maturing seed. Clean in fanning mill equipped with upper screen having 1/25-inch holes and 40 x 40 rnesh 
lower screen. Seed quality: 95 percent purity; 80 percent germination; 76 percent PLS; and 1.5 million 
grains per pound. 

Germination and Seedling Characteristics-
completes germination in 14 days under controlled laboratory conditions. Most seeds germinate In 7 days 
in field. After-ripening seed dormancy broken in storage after 5 to 6 months. Year-old seed results in tlest 
field germination Strong seedling vigor. Makes good cover first year and some plants head out with gooel 
moisture conditions. 

MANAGEMENT 

Species primarily useful for soil conservation purposes: ground cover on bare, disturbed, and burned-ovel' 
areas; drainageways and siltation control: erosion control on man-made bare areas, such as roadsides, 
drainage ditches, dikes, areas around airports and landing strips: and alone or less commonly in mixtures 
for pasture and hay. New seedings may need weed and insect control first season. Intensive management 
advocated for seeded stands at Woodward, Oklahoma: (1) remove oid growth; (2) fertilize conservatively; 
(3) withhold grazing in spring until plants are 6 inches high; (4) rotate grazing, using each unit 1 week and 
resting for 5 weeks; (5) mow or graze to a 4-inch stubble; (6) rest Sept. 1 to Dec. 1, then graze in winter with 
supplements: and (7) optimize use with other seasonal forages and native rangelands (5). 

ASSOCIATED SPECJES 

Some favorable associations with self-seeding or persistent legumes reported in literature. but generaliy 
optimal production and management when planted alone due to special management requirements. 

PESTS AND DISEASES 

Grasshoppers, ieafhoppers, and other forage-eating insects, even in light populations, are very destructive 
to seedings. Rabbits and rodents are sometimes damaging. Fungicidal seed treatment gives some 
improvement in seedling stands by controlling seed-borne diseases. 

IMPROVED VARIETieS 

'.Q.atalina', selected for good stand establishment in Arizona, is adapted for seeding below 4,600 feet It' 

elevation with a minimum of 12 inches MAP in southern Arizona and adjacent New Mexico. 'Ermelo', B 

relatively leafy cultivar, is adapted to southern Oklahoma and adjacent Texas. 'Morpa', selected for more 
palatability in Oklahoma, is adapted to portions of the Panhandle regions of Oklahoma and Texas and 
adjacent areas. 

Lehmann lovegrass 
Eragrostis lehmanniana Nees. 

S?uth African introduction, 1 to 2 feet tall, semiprostrate, stoJonlferous, bunchy sod-former with fine, 
~Iftusely branched stems, short dark green leaves, short panicle with much smaller lemmas, and shallowe:·. 
finelY-branched fibrous root system. Easily established, thickens and spreads by self-seeding and rooting 
at nodes. Very efficient water user and drought-resistant. Spring and fall green forage augments native 
~mmer-green range, but aggressivenes~ caus.e for concern as. is invading, unse~ded, adjacent rangelands. 
b.o°d SOil stabilizer on road shoulders, In drainages, and on disturbed lands. Fairly good cover for uplano 
f Irds. Adapted to southern plains, southern plateaus, and southwestern deserts; in Arizona below 4,500 
aen~ ~n el~vat,io['\ in 10 to 15 inches MAP zone wh~re temperatures rarely reach zero. Varieties 'Puhumima 

K!:JI'.ata adapted to portions of southern Arizona and southern New MeXICO. 

61 



Wilman lovegrass 
Eragrostis superba Peyr, 

Large South African bunchgrass, 3 to 4 feet tall, growing in large clumps with abundant, slender, basal 
leaves and large, flattened, rattlesnake rattlerlike spikelets on narrow, elongated panicles. Leafblades 
rather flat and thin, not wiry like weeping lovegrass, Adapted in 12 to 16 inches MAP zone below4,500 feet in 
elevation where temperatures do not fall below 15° F. More palatable than Lehmann lovegrass; later spring 
grower, provides late spring and summer forage, Difficult to establish where rabbits are abundant. 'Palar' 
only variety, well adapted to above conditions in southern Arizona and southern New Mexico. ----=, 

REFERENCES 

(1) Crider, F, J. 1945, Three introduced lovegrasses for soil conservation, U.S. Dept. Agr, Circ. 730,90 pp. 

(2)	 Mcilvain, E, H., and M. C. Shoop. 1960. Dryland pastures for the southern Great Plains. U,S. Dept. Agr. ARS, 
Woodward, OK. 20 pp. (mimeo) 

(3) Humphrey, R. R. 1958, Arizona range grasses, Ariz, Agr, Exp, Sta. Bull. 298. 104 pp. 

(4)	 Anderson, D., L. P. Hamilton, H, G, Reynolds, and R. R. Humphrey, 1953. Reseeding desert grassland ranges in 
southern Arizona. Ariz. Agr. Exp, Sta. Bull. 249. 32 pp. 

(5) Mcilvain, E, H" and M. C, Shoop. 1970, Grazing weeping lovegrass. Okla. State Univ. Ext. Fact 2558, 4 pp, 
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Figure 17. Weeping lovegrass (Eragrostis curvula). Plant x 1/3; floret x 10. (Floret after A. S. Hitchcock 
1950.) 
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TALL FESCUE 
Festuca arundinacea Shreber 

ORIGIN 

Native to Europe. Widely introduced and naturalized in the U.S. Area of agronomic use is centralized in 
humid mid-South, West Coast, and cool interior irrigated sections. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Medium-sized, cool season bunchgrass of the C-3 type. 

Densely tufted to sod-forming with spreading, leafy base and ascending culms 1 to over 3 
feet tall. Leaf blades stiff, flat, or sometimes inrolled, dark green, 1/8 to 1/2 inch wide with 
rough surfaces, short membranous ligule, hairy collar-edges, and short auricles. Narrow 
panicle up to 10 inches long, sometimes nodding, with 1/2 inch long spikelets containing 
five to nine florets, lance-shaped glumes and awnless to short-awned, seed-enclosing 
lemmas (1). 

Large volume of deep, coarsely fibrous roots. Winter grower in South; mostly spring and fall grower at 
higher latitudes and summer grower at higher altitudes. Good early summer and late fall regrowth 
potential. Only fair palatability to livestock and poor palatability to elk or deer. Better livestock acceptance 
when seeded alone and fenced separately (1,2). 

ECOLOGICAL RELATIONSHIPS 

Best performance on deep, fertile silty to clayey soi Is but tolerant of all soil textures with adeq uate moisture. 
Tolerant of moderate soil salinity, less tolerant than tall wheatgrass (Agropyron elongatum) of saline-sodie 
soils, moderately acid soils, and to a wide range of soil pHTolerant of poor drainage, winter flooding, and 
fairly high water tables. Mesic in moisture requirements with only fair drought tolerance, markedly less 
drought-tolerant than western drought-tolerant species, and intolerant of protracted drought. Good 
growth in over 18 inches MAP zones in cooler northern and mountainous West; optimal growth in East in 
over 30 inches MAP zones, but grows in parts of Oregon with 15 inches MAP. Good cold tolerance making 
fair winter growth in southern Missouri and mid-South. Moderate shade tolerance. Not commonly burned; 
fire tolerant in dormant state. Incompatible with most palatable grasses; satisfactory with vigorous legumes 
when intensively managed. Good tolerance to grazing and mowing to 2 to 4-inch stubble heights if not too 
frequent. Responsive to nitrogen fertilizers and irrigation (1,2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/4 to 1 inch deep, varyi ng according to soi I and moistu re cond itions Drill seeding rates vary from 
2 to 18 pounds PLS per acre for extremes of sparser seedings in wide-spaced rows in subhumid areas to 
denser pastures for humid zones. Rates may be increased by 50 to 100 percent or more for broadcasting; 
harsh, erosive, and south and west-facing sites; in saline or saline-sodic soils; and when dense turf is 
desired quickly. Plant in late summer in lower elevation humid or irrigated areas, early spring when mixed 
with legumes, or late fall or as early as possible in summer in mountainous elevations. (4). 

Seed Cleaning and Quality 

Combine di rectly or use swather fi rst. About one-thi rd of seed lost by shattering. Clean seed in fan ning mill 
using 1/22 x 1/2 and 6 x 32 (or 5 triangle) upper and lower screen sizes, respectively. Seed quality: purity 98 
percent; germination 85 percent; PLS 83 percent; and 181.000 to 230,000 (median 205,500) seed per pound. 

Germination and Seedling Characteristics 

Germination occurs in 14 days after prechilling in seed testing. Seedling vigor is fair to good. Stands are 
somewhat slow to establish but are hardy and competitive after fully established. 
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MANAGEMENT 

ded alone or with a leg ume for noni rrigated and irrigated pasture, also someti mes for hay. PfC'duces sad 
S;~ood wearability. Seeded for stabilizing cuts and fills, dikes, waterways, recreational areas, and cover 

s in orchards. Seeds consumed by songbirds; both seed and foliage used by small mammals. Used in 
~~~fern U.~. to stabilize surface mined so.ils. Control weed ~nfesta~ions ~nd protect .new seedin~s from 

azing until well rooted and headed Continuously pastured In humid regions. PeriodiC close grazing to 2 r4-inch stubble in rotational plan advocated for subhumid and irrigated areas to induce regrowth and 
bOetter palatability. Annual nitrogen fertilization program needed for dense stands without legumes; starter 
and complete fertilization program may be needed for cut and fill material and disturbed soils (5). 

ASSOCIATED SPECIES 

occasionally seeded alone for optimal management; more commonly drilled in alternate rows with such 
adapted legumes as alfalfa (Medicago sativa). ladino clover (Trifolium repens), or birdsfoot trefoil (Lotus 
corniculatus). Considerable use with crownvetCh (Coronilla varia) for stabilizi ng highway embankments in 
Midwestern and Midsouthern States. 

PESTS AND DISEASES 

Cutworms, slugs, and grasshoppers reduce seedling stands and forage and seed yields. Gophers, moles, 
and rabbits are occasional problems. Relatively free of plant diseases. "Fescue foot-rot" sometimes causes 
lame cattle; alkaloids may adversely affect livestock gains. Species is a weed in finer lawn turfs. 

IMPROVED VARIETIES 

'Alta', from Oregon and used in West and Northwest, is medium early and adapted to dry summers; 'Goar', 
from California and used in the West and Southwest. is early and adapted to alkaline soils. 'Fawn', from 
Oregon, has improved seedling vigor and palatability, is early, and is used in central U.S. and Northwest. 
'Kentucky 31' is medium in maturing. used in Southeast and central U.S., widely adapted, and makes good 
winter growth. 'Kenmount', from Kentucky and Montana, is a medium maturing type, which has better 
midseason growth and is used in the Southeast and northern Great Plains. Consult with State and local 
plant materials specialists for best adapted variety for specific sites and purposes (4). 

REFERENCES 

(1)	 Shaw, A. F., and C. S. Cooper, co-chairmen. The interagency forage, conservation. and wildlife handbook. Mont. 
State Univ. Ext. Serv., Bozeman. 205 pp. 

(2) Vallentine, J. F. 1971. Range development and improvements. Brigham Young Univ. Press, Provo, UT, 516 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

(4)	 Buckner, R. C., and J. R. Cowan. 1973. The fescues. Pages 297-306 in M. E. Heath, D. S. Metcalfe, and R. F. Barnes, 
eds. Forage. Iowa State Univ. Press. Ames, IA. 755 pp. 

(5) Vallentine. J. F. 1967. Nebraska range and pasture grasses. Neb. Ext. Servo Circ. E.C. 67-170. 55 pp. 
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Figure 18. Tall fescue (Festuca arundinacea). Plant x 1/3; spikelet x 2. 
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IDAHO FESCUE 
Festuca idahoensis Elmer 

ORIGIN 

Native to intermountain and inland Pacific Northwest areas. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool season bunchgrass of small to medium size and C-3 type. 

Few upright culms 1 to 3 feet tall. Numerous fine, rough, blue-green basal leaves with 
narrow, inrolled leafblades. Ligule short, membranous, and swaybacked. Inflorescence a 
narrow panicle, 4 to 8 inches long, reddish until after maturity. Spikelets five to seven
flowered with unawned glumes and longer short-awned, seed-bearing lemmas (1). 

Growth starts in March or April, matures in mid- to late-summer, varying regionally and altitudinally, then 
becomes semidormant until fall moisture. Makes fair fall regrowth. Scanty seed producer. Medium 
palatability to livestock; good palatability to elk yearlong; good palatability to deer in spring (1). 

ECOLOGICAL RELATIONSHIPS 

Thrives on deep, fertile, silty and clayey soils. Less productive on lighter, rockier, and shallower soils and 
. scarce on pumice soil material. Tolerant of weakly saline, alkaline, and acid soils. Not tolerant of flooding, 
high water tables, or inundation for any extended period. Grows in well-drained meadows, subhumid 
grasslands, and semidesert sagebrush sites. Thrives in over 15 inches MAP zones. Moderately drought
tolerant. Found growing with as little as 10 inches precipitation in some cooler or moisture-compensation 
sites. Seeds from local sources have excellent cold tolerance. Grows between extremes of 800 feet in the 
Columbia River Basin and 12,000 feet altitude in Colorado; more common between 5,000 and 8,000 feet in 
Montana; 7,000 to 10,000 feet in Utah and Colorado; and 3,000 to 7,000 feet in California and Pacific 
Northwest States. Moderately shade-tolerant and common in foothills and mountain shrublands and 
woodlands. Damag3d by sagebrush-grassland fires; requires long recovery period. Fair tolerance of tall 
·burning. Moderate grazing tolerance but can be injured by too intense early spring grazing. Mature plants 
and stands strongly competitive; seedlings weakly competitive. (1,2). 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed 1/2 inch deep; 1/4 inch deeper on coarse-textured soils and 1/4 inch shallower on fine-textured 
soils. Better stands obtai ned on prefirmed seed beds. Dri II a mi ni mum of 15 to 25 PLS per sq uare foot (2 to 3 
Pounds PLS per acre) for minimal satisfactory stands on rangelands. Increase rate 50 to 100 percent for 
h~rsh sites; south, west, or steep exposures; poorer seedbeds; and when broadcasting. May be seeded 
directly in nonvolunteering grain stubble or in alternate rows with wheat or rye; suppplemental mulch may 
be ~dded for steep slopes and highly erosive sites. Seeding time varies regionally and altitudinally: early 
Spnng at lower altitudes with reliable moisture; late fall with uncertain moisture and at lower mountain 
~Ievations; or in spring or very early summer, as early as possible, at higher mountain elevations (3). 

~d Cleaning and Quality 

Combine. seed in hard dough stage. Clean in a fanning mill Seed quality: 90 percent purity; 80 percent 
,~' .germlnatlon; 72 percent PLS; and 450,000 seed per pound. 

'~ination and Seedling Characteristics 

'~~~1 germinates in 21 days under ideal lab conditions. Seedling vigor is only fair and stands do not develop 
the second or third year (3,4). 
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MANAGEMENT 

Limited use made of the species due to poor seed production and weak seedling vigor. Control Weeds an . 
withhold grazing during see.dling ye~r. Graze. moderately; rest stands periodically for 1 to 2 months durind 
growing season. Rest-rotation grazing may Improve unsatisfactory stands (5).	 9 

ASSOCIATED SPECIES 

Species intermixed in native stands with bluebunch wheatgrass (Agropyron spicatum), big sagebrush 
(Artemisia tridentata). and ponderosa pine (Pinus ponderosa); greatly invaded by cheatgrass brome .' 
(Bromus tectorum) in past half century. 

PESTS AND DISEASES 

Seedling stands reduced by grasshoppers and rodents. "Dam ping-oft" seedl ing diseases someti mes affect' 
stand success. 

IMPROVED VARIETIES 

None. 

Arizona fescue 
Festuca arizonica Vasey 

Native, common in ponderosa pine zone from Colorado south to west Texas, Mexico, and Nevada. Similar 
to Idaho fescue; larger plants having lemmas with shorter awn-tips. Moderately shade and drought
tolerant. Cool season growth habits, but making reduced spring growth due to being dry season. Matures 
late summer with little fall regrowth. Dense, coarse, fibrous root system. Moderately palatable; moderate 
grazing tolerance; only fair tolerance of wildfires. Limited seedings made in native habitats when required 
to revegetate disturbed lands with natives. 'Redondo', developed from northern New Mexico collection, is ...,.....,11+="':, 
adapted for revegetating and stabilizing disturbed soils. 

Sheep fescue 
Festuca ovina L. 

Native, dwarfer, small-tufted, circumboreal bunchgrass very similar to Idaho fescue; and more common at . 
higher sUbalpine and alpine elevations in Rocky Mountains and Cascade-Sierra Nevada Mountains.. 
Tolerant of shallow, gravelly, and dry, exposed sites. 'Covar', developed from Turkish introduction, adapted 
to many exposed high altitude northern Rocky Mountain and northern intermountain sites with over 8 . 
inches MAP. Culture similar to Idaho fescue. 

Hard fescue 
Festuca ovina duriuscula (1) Koch 

Larger European form of sheep fescue, more widely used for revegetation and soil conservation purposes 
in suitable sites having over 15 inches MAP in montane to sUbalpine zones of Rocky Mountain, 
intermountain, and Pacific Northwest regions. 

REFERENCES 

(1)	 Shaw, A. F., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation and wildlife handbOok. 
Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(2) Valtentine, J. F. 1971. Range development and improvements. Brigham Young Unlv. Press, Provo, UT. 516 pp. 

(3)	 Hafenrichter, A. L., L. A. Mullen, and R. A. Brown. 1949. Grasses and legumes for soil conservation in the Pacific 
Northwest. U.S. Dept. Agr. Misc. Pub!. 678. 56 pp. 

(4)	 Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish and 
Game Pub!. 68-3.183 pp. 



5) Hormay, A. L.. and M. W. Talbot. 1961. Rest-rotation grazing-a new management system for perennial bunchwass 
( range. U.S. Dept. Agr. Prod. Research Rep. 51. 43 PP. 

Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
(6) EPA-600-7-79-134 88 pp. 
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Figure 19. Idaho fescue (Festuca idahoensis). Plant x 1/3; spikelet, floret x 6. 
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GALLETA 
Hilaria jamesii (Torr.) Benth. 

ORIGIN
 

Native to the southwestern U.S. See map for distribution in the US.
 

SPECIES CHARACTERISTICS 

Short to medium-sized, warm season, bunchy sod-former of C-4 type. 

Culms 1 to 2 feet tall, leafy based, hairy at nodes, with stout roots and short, sealey and 
woody rhizomes. Leaf blades short, rigid, pointed, flat or involute, and pale blue-green 
before maturity. Ligule short, membranous, truncate and fringe-margined; collar pilose 
hairy. Inflorescence an erect spike 1 to 3 inches long, purplish before maturity. Spikeiets 
clustered in groups of three at each node, falling entirely after maturity, exposing zig-zag 
axis Spikelet clusters villous at base; central spikelet fertile; lateral two spikelets staminate 
(1 ). 

Facultative warm season species; may start growth with available moisture in spring; matures one seed 
crop in June like cool season species and a second seed crop from summer rains in August to October. 
Good palatability to livestock when growing alone during growing season; only fair palatability when mixed 
with grama grasses. Moderate summer regrowth volume with good summer rainfall; only fair volume 
produced in fall and very little after frost (2). 

ECOLOGICAL RELATIONSHIPS 

Thrives on silty and clayey soils in southwestern Great Plains and on certain sites dominated by shadscale 
saltbush (A/rip/ex confertifo/ia) in the southern Great Basin region; common and nearly as thrifty on certain 
well-drained sandy soils and fractured rockland sites in the Colorado Plateau region. Various ecotypes 
within species' range tolel'ant of moderately saline and alkaline soils, weakly saline. or nonsaline soils. 
Strongly drought-tolerant. Cold-tolerant and winter-hardy; naturally occurs from about4,000 feet to over 
8,000 feet in elevation and from the southern Great Basin and central New Mexico and Arizona northward 
into southwestern Wyoming. Seeded stands persistent into central Great Plains. well beyond natural range 
{e.g., Cottonwood, S.D.}. Weak shade tolerance; present in open desert shrub and pinyon-juniper cover. 
Moderate fire tolerance; usually recovers by second year and may spread at expense of fire-injured shrUbs, 
especially with repeat burns (3), Strong graZing resistance but great reduction in forage and rhizome 
production from too close and frequent defoliation. Incompatible with grama grasses (Boute/oua spp.) due 
to poorer palatability and resulting dominance, especially in southern Great Plains, 

CULTURE 

Planting Depth, Rate, and Time 

Dri~1 seed, in special drill equipped to handle chaffy seed, at 1/2 inch depth on fine-textured soils and 
m?,ster seedbeds and up to 1 inch deep on coarser soils and drier seedbeds. May broadcast seed but cover 
With soil to similar depths Seed ing in furrows, basins, and pits and usi ng deep furrow type d rills contribute 
!o ,better stand establishment on more arid and finer textured seedbeds Supplemental mulching and light 
Irngatlons most reliable method of obtaining satisfactory stands. Plant 20 to 30 PLS per square foot for 
~an~eland stands or 40 to 60 PLS per linear foot of row for disturbed land stabilization. Plant before or early 
unng the 2-month period with most favorable conditions for rapid germination and seedlina establish

ment; often June 15 to July 15 in northern Arizona and New Mexico {4}. 

~d Cleaning and Quality 

~O~~ine seed direct from native stands. Clean seed by scalping or run through hammermil! before fanni ng 
40rn~ . See.d quality not stan dard ized: pu rity 20 to over 40 percent; germ ination 80 to 98 percent: PLS 16 to 

P rcent, and seeds average about 170,000 seeds per pound. 
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Germination and Seedling Characteristics 

Most seeds germinate in 14 days but some continue to germinate up to 30 days. Seeds germinate well at a 
range of constant or alternating temperatures. Seedlings withstand drought and are winter-hardy, but 
stand development is rather slow and may require 2 years or longer for full stands (5). 

MANAGEMENT 

Native stands grazed by cattle, sheep, and bison more uniformally during the growing season either by 
grazi ng continuously at a moderate inte nsity or more heavi lyon a rotation grazi ng plan. Species someti mes 
included in seeding mixtures for forage and for soil stabilization purposes where it naturally occurs as a 
primary species. New seedings may require weed control where infestations of weeds are heavy; grazing 
should be withheld for at least the first growing season (2,4). 

ASSOCIATED SPECIES 

Occurs in native stands mixed with blue grama (Bouteloua gracilis) and alkali sacaton (Sporabo/us airoides) 
in southwestern Great Plains; more commonly with big sagebrush (Artemisia tridentata), pinyons (Pinus 
spp.), oneseed juniper (Juniperus monosperma), blue grama, sand dropseed (Sporabo/us cryptandrus), 
western wheatgrasss (Agropyron smithii) , Indian ricegrass (Oryzopsis hymenoides), and alkali sacaton in 
the Colorado Plateau region; and with big sagebrush, shadscale saltbush, Utah juniper (J. osreosperma), 
Indian ricegrass, and sand dropseed in the southern Great Basin region. Seeded in mixtu res containing the 
above native grasses and sideoats grama (Boutefoua Gurtipendufa) and other species native to the site 
being seeded. 

PESTS AND DISEASES 

New seedings may be affected by grasshoppers, jackrabbits, and rodents. Stands occasionally thinned by 
white-grub larvae of the green June bug. 

IMPROVED VARIETIES 

'Viva', released in 1979 from New Mexico. 

REFERENCES 

(1)	 CronqUist, A., A. H. Holmgren. N. H. Holmgren, J. L. Reveal, and P. K. Holmgren. 1977. Intermountain flora. Vol. 6. 
The monocotyledons. Columbia Univ. Press, NY. 584 pp. 

(2)	 West, N. E., ed. 1972. Galleta: taxonomy, ecology and management of Hilaria jamesii on western rangelands. Utah 
Agr. Exp. Sta. Bull 487. 38 pp. 

(3)	 Arnold, J. F., D. A. Jameson, and E. H. Reid. 1964. The pinyon-juniper type of Arizona: effects of grazing. fire, and 
tree control. U.S. Dept. Agr. Prod. Res. Rep. 84. 28 pp. 

(4)	 Merkel, D. L., and C. H. Herbel, co-chairmen. 1973. Seeding nonirrigated lands in New Mexico. N. Mex. Inter
Agency Range Committee. Rep. 10.95 pp. 

(5)	 Knipe. O. D. 1967. Influence of temperature on the germination of some range grasses. J. Range Manage. 20:298
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;;~u~e 20. Galleta (Hi/aria jamesii). Plant x 1/2; spikelet cluster, staminate spikelet x 5. (Spikelet and 
1I1inate splke!et after A. S Hitchcock 1950.) 
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GREEN SPRANGLETOP 
Leptochloa dubia (H.B.K.) Nees. 

ORIGIN 

Native to southwestern U.S. and Florida. See map for distribution in the U.S 

SPECIES CHARACTERISTICS 

Medium tall, warm season, short-lived, perennial bunchgrass of C-4 type. 

Wiry erect or spreadi ng cui ms 2 to 4 feet tailor sometimes talle r, with numerous scabrous to 
sparsely hairy, blue-green to dark green, flat or folded leaf blades 6 to 18 inches long with 
flattened, purplish sheaths and hairy ligules. Inflorescence an open panicle up to 12 inches 
long composed of few to many slender, well-separated ascending to drooping racemose 
branches on terminai 4 to 8 inches of stems, each bearing numerous two to eight-flowered 
spikelets. Florets widely spreading at maturity; glumes unequal, lanceolate, and translu
cent with green nerves; lemmas (containing seed) broad, obtuse, and notched at apex. 
Considerable cleistogamous seed enclosed in sheaths (1). 

Growth may start early in April or plants may remain dormant during dry periods until summer or late 
summer rains induce resumption of growth. May produce both late spring and tall seed crops; stong self-
seeding habit. Good palatability to all kinds of livestock and fair palatability to wildlife before heading and 
curing; coarse and stem my afterward (2). 

ECOLOGICAL RELATIONSHIPS 

Thrives in deep, sandy soil in Florida; well adapted to rocky hills and canyons elsewhere. Rarely found on 
deep sandy soils and deep clays in Southwest but persistent when seeded there. Tolerant to weakly saline 
and moderately alkaline soils. Occurrence and seeding success in Texas suggests affinity for calcareous 
soils. Intolerant of poorly drained soils or high water tables. A pioneer on disturbed roadsides, drainages, 
and slopes. Moderately winter-hardy, slightly less than weeping lovegrass (Eragrostis curvula). Mostly 
present between 2,500 and 6,000 feet in elevation in southern Arizona. Greens up during warm spells in 
winter in Southern Plains. Weak shade tolerance; fair grazing tolerance. Very good drought tolerance. 
Good fire tolerance when dormant (3). Seedlings exhibit moderate tolerance to wind and sandblowing in 
experimental tests. Weakly moderate competitiveness, suitable for inclusion as quick-developing element 
in seeding mixtures used for disturbed land stabilization. 

CULTURE 

Planting Depth, Rate, and Time 

Drill or broadcast seed and cover with soil at 1/2 to 3/4 inch depth. Plant at rates of 0.6 pounds PLS per acre 
in Wide-spaced rows for seed or intensively managed pastures. Use 2.0 pounds PLS per acre for 
broadcasting; for harsher, drier, erosive and south and west exposures; or for earlier and denser cover .. 
Plant just before or very early du ring the 2-month period most favorable for rapid germination and seedling 
growth: March-April or August-September in Southern Plains; June 15-July 15 in southern Arizona and, 
New Mexico, More successful stands obtained when seedings in arid and erosive sites are made in 
nonvolunteering crop stubble, supplementary mulched and/or lightly irrigated, or made in water
concentrating pits, basins, or furrows. Species responds well to irrigation and to nitrogen or nitrogen and 
phosphorus fertilization 

Seed Cleaning and Quality 

, 

Seeds retained well when ripe; harvest by direct combining, CarefUl adjusting of combine may make 
recleaning unnecessary, Commercial seed growers often swath first and then thresh with pickup combine, 
Seed may be used directly from combine or can be recleaned in fanning mill if necessary. Seed quality: go 
percent purity; 80 percent germination; 72 percent PLS; and 538,000 pure seed per pound, 
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Germination and Seedling Characteristics-
seeds germinate qUickly. Seedling vigor is medium to good compared to most native warm season species. 
Stands often head out by end of first growing season with average moisture conditions Quicker stand 
establishment and greater herbage production obtained with adapted introduced grasses in tests on 
certain sites in South Texas (4). 

MANAGEMENT 

Species usually secondary or minor in native stands and managed forsustained high production of primary 
species. Species recommended for inclusion in pasture mixtures used to rejuvenate depleted or cleared 
rangelands in Texas in zone of adaptation due to ease ot establishment, aggressive volunteering, and 
strong drought tolerance. Species proposed by vegetation management specialists ot Texas Transporta
tion Institute for use as substitute tor sorghum in seeding mixtures for highway plantings due to rapid 
germination, gooo seedling vigor, and less intense competition to slower developing, longer-lived mixture 
components (5) Weeds need control efforts during early seedling establishment period. Withhold grazing 
until plants are well established and well rooted. Graze stands moderately after establishment, using no 
more than 50 percent of current annual herbage production and resting stands periodically from grazing 
for 60 to 90 days during summer or fait to permit heading and self-seeding. 

ASSOCIATED SPECIES 

Species occurs as minor associate of mesquite (Prosopis glandu/osa), junipers (Juniperus spp.), grama 
grasses (Boute/oua spp.), plains bristlegrass (Setaria macrostachya) , galleta (Hi/ariajamesii), pricklypear 
cacti (Opuntia spp.), and various southern plains and high desert grassland shrubs and forbs. Species 
included in mixtures with warm season forage species, such as grama grasses, or with highway turf and 
cover grasses. 

PESTS AND DISEASES 

Commercial seed producers may spray once tor thrips control. No serious disease problems known. 

IMPROVED VARI ETI ES 

None. Considerable variation in plant type noted from a tall, early, broadleaf form at high elevations to 
Shorter, narrow-leaf forms of the Three-River area in Texas. Currently used commercial seed stocks came 
from a biotype collected by U.S. Soil Conservation Service personnei near Marfa, TX. 
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(1)	 Leithead, H. L., L. L. Yarlett, and T. N. Shiflet. 1971. 100 native forage grasses in 11 Southern States. U.S. Dept. Agr., 
Agr. Hand b. 389. 216 pp. 

(2) Humphrey, R. R. 1958. Arizona. range grasses. Ariz. Agr. Exp. Sta. Bull. 298. 104 pp. 

(3)	 Wright, H. ,t.,., Dept. Range and Wildlife Manage., Texas Tech Univ., LLJbbock. Personal communication June 2, 
1982. 

(4)	 POlk, D. B., Jr., C. J. SCifres, and ~I. L. Mutz. 1976. Establishment, production, and protein content of four grasses in 
South Texas. J. Range Manage. 29:240-243. 

. (5) MCCAUII.Y, W. G., Texas Transportation Instltute. Vernon. Texas Personal com munications to author, Dec. 15, 1981; 
pnl 9, 1982 
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Figure 21. Green sprangletop (Leptochloa dubia). Plant x 1/2; spikelet x 4. (Spikelet after Gould and Box 
1965.) 
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INDIAN RICEGRASS 
Oryzopsis hymenoides (Roemer & Schultes) Ricker. 

ORIGIN 

Native to semiarid western U.S. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Medium sized, cool season bunchgrass of the C-3 type. 

Densely tufted perennial 1 to 21/2 feet tall with numerous narrow, elongated leaves almost 
equalling culm length. Leaf blades usually involute with paperlike, pointed ligule about 1/4 
inch long. Inflorescence an open panicle with paired branches bearing one-flowered 
spikelets at ends of dichotomous, spreading, flexuous branchlets. Glumes broad, round
backed, taper-pointed with spreading tips, thin and papery. Lemmas hardened, broadly 
oval, with deciduous, short awn at tip, densely white hairy, and nearly black at maturity (1). 

Highly palatable to livestock and elk when green or cured and to deer in spring. Seeds relished by game 
birds and rodents. Makes moderate volume of summer and fall regrowth (2). 

ECOLOGICAL RELATIONSHIPS 

Thrives on loose, coarse sands; sandy and silty soils lacking much competition; and is a pioneer on thin, 
fractured shale and sandstone parent materials, as well as on sandy soils. Not tolerant of poorly drained, 
flooded, or high water table soils/sites. Drought-tolerant and common in deserts with 6 to 10 inches MAP. 
Tolerant of weak salinity and alkalinity but thrives better in near neutral soils. Moderate responder, 
especially with increased seed production, to light irrigation and fertilization. Better seeding success 
obtained in over' 2 inches MAP zones. Intolerant of shade. Native seed stocks locally very winter-hardy, but 
avoid seed sources from areas differing much from seeding site. Species occurs in native stands between 
2,000 and 10,000 feet in elevation. Good tolerance of fire when dormant. Moderate grazing resistance but 
killed out by too intense and prolonged spring or yearlong grazing. Not a strong competitor or very 
compatible with other species in seeding mixtures (2,3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1 1/2 to 3 inches deep on mediu m to coarse-textu red soils. Seeds emerge well from 4 inch depths 
in sand. Similar soil coverings needed for broadcast seedings. Drill 20 to 25 PLS per square foot for 
rangeland purposes; double the seeding rate when broadcasting and for critical area stabilizahon 
purposes. Seed into nonvolunteering crop stubble seeded in 1B-inch drill rows or closer in semiarid or 

. Wind-erosion areas. Still higher rates of seeding, supplemental mulching, and light irrigation may be 
necessary for good soil stabi lization of disturbed sites. Generally seed before the 2-month period with most 
favorable conditions for rapid germination and seedling growth: late fall with high dormancy seed; early 
spring, early fall, or June 15 to July 15, according to regionally reliable moisture, with low dormancy seed. 
Dormancy overcome by using older seed, acid-bleached seed, or planting seed in fall to overwinter in soil 
(5,6). 

~ed Cleaning and Quality 

Combine seed directly from planted fields or harvest by hand-strippi ng from native stands. Use hammermill 
to remove hairs for drill seeding. Reclean product in fanning mill. Seed quality: 95 percent purity; 11 percent 
germination; 10 percent PLS; and 235,000 seed per pound. 
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Germination and Seedling Characteristics 

Seeds germinate in 56 days in standard seed testing. Slow and poor germination due to seed dormancy. 
Seedling vigor fairto moderate Stands develop somewhat slowly and may require 3 to 5 years with dormant 
seed. Hardy and persistent after well established. 

MANAGEMENT 

Native stands occur mostly on sandy or porous, fractured rockland sites in drier areas of the Great Plains 
Great Basin, and Pacific Northwest but spottedly in the mountains, especially in the Southwestern pinyon~ 
juniper woodlands. These rangelands are grazed at various seasons or yearlong. The species is seeded 
sparingly due to seed shortages, dormancy problems, and high cost of seed. Greater availability of low 
dormancy seed supplies should increase use of species for food and cover for livestock and game and for 
soil conservation purposes in former native habitats. New seedings need weed control; grazing should be 
withheld until plants are well rooted and head out. Graze native and seeded stands moderately in spring; 
periodically remove stock in late spring or summer when enough soil moisture is left to permit heading. 
Stands sometimes short-lived unless occasionally permitted to self-seed. Moderate winter grazing 
promotes range recovery (6). 

ASSOCIATED SPECIES 

Species commonly associated with prairie sand reed (Calamovi/fa longifolia), sand bluestem (Andropogon 
hallii) , sand sagebrush (Artemisia tilifolia) , sideoats grama (Boute/oua curtipendula), sand dropseed 
(Sporobo/us cryptandrus), needle-and-thread (Stipa comala), big sagebrush (Artemisia Iridenlala), 
junipers (Juniperus spp.), pinyons (Pinus spp.), and green Mormon-tea (Ephedra viridis) in the West. 
Usually seeded alone for optimal management but may be used in seeding mixtures with other species 
native to a site or with other soil-stabilizing species for soil conservation purposes. 

PESTS AND DISEASES 

Grasshoppers, jackrabbits, and rodents may damage stands. Less rodent damage to seeds when planted at
 
3 to 4 inch depths. Minor stand or forage losses due tovariety of seed and root rotting, seedling blight, stem
 
rust, and smut organisms.
 

IMPROVED VARIETIES 

'Nezpar', released from the Aberdeen, Idaho plant materials center, is well adapted to the intermountain
 
area. 'Paloma' is recommended for range seedings and soil stabilization in Arizona, New Mexico, and
 
Colorado.
 

REFERENCES 

(1)	 Cronquist. A., A. H. HOlmgren, N. H. Holmgren, J. L. Reveal, and P. K. Holmgren. 1977. Intermountain flora. Vol. 6. 
The monocotyledons. Columbia Univ. Press, NY. 584 pp. 

(2)	 Shaw, A. R., and C. S. Cooper. 1973. The interagency forage, conservation and Wildlife handbook. Mont. StateUniv.
 
Ext. Serv., Bozeman. 205 pp.
 

(3) Vallentine, J. F. 1971. Range development and improvements. Brigham Young Univ. Press, Provo, UT. 516 pp. 

(4)	 Wright, H. A., Dept. Range and Wildlife Manage., Texas Tech Univ., Lubbock. Personal communication. June2,· 
1982. 

(5)	 Merkel, D. L., and C. H. Herbel. 1973. Seeding non-irrigated lands in New Mexico. New Mexico Inter-Agency Range . 
Committee. Rep. 10. U.S. Dept. Agr., Agr. Res. Serv., Las Cruces, NM. 95 pp. 

(6)	 Hafenrichter, A. L., J. L. Schwendiman, H. L. Harris, R. L. MacLauchlan, and H. W. Miller. 1968. Grasses and' 
legumes for soil conservation in the Pacific Northwest and Great Basin States. U.S. Dept. Agr. Handb. 339. 
69 pp. 
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Figure 22. Indian ricegrass (OryzopsiS hymenoides). Plant x 1/2; spikelet. floret x 4. 
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SWITCH GRASS
 
Panicum virgatum L.
 

ORIGIN 

Native to all of the U.S. except California and Pacific Northwest. Primary species of midwestern tallgrass 
prairies. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Tall, warm season, patchy sod-former of the C-4 type. 

Strongly rhizomatous with sealey, stout rhizomes. Culms smooth, 2 to 5 feet tall, with 
abundant leaves up to 2 feet in length. Leaf blades often blue-green, wide, flat or folded, 
with pilose hairs at base of upper surface. Foliage cures to a rich orang ish color in fall. 
Ligule short hairy. Inflorescence an open extended panicle 6 to 18 inches long with 
numerous small, egg-shaped, pointed spikelets borne toward ends of spreading branches. 
First floret sterile, resembling second glume; second floret fertile, smooth, shiney, and 
fused to seed (1). 

Growth resumes in late spring; plants mature in mid to late summer or early fall, making fair regrowth with 
available moisture; little fall regrowth after frost. Good palatability to livestock until heads; poor palatability. 
in fall and winter. Seeds provide food for song and game birds (1). 

ECOLOGICAL RELATIONSHIPS 

Mesic grass; well adapted to all soil textures with adequate moisture. Thrives on fertile, lowland" 
subirrigated and overflow sites, especially on silty and clayey soils. Weakly moderate drought tolerance. 
Considerably reduced forage production and cover with moderately acute drought, but present and 
seeded on upland sandy sites. Better performance in over 16 inches MAP zones, especially on moisture 
accumulating sites. Tolerant of early spring flooding and of imperfect drainage but rather intolerant of high :., . 
water tables. Tolerant of moderate soil salinity and acidity; lower pH limit4.0 t04.5. Good winter-hardines~., 

and cold toleranceoflocal nativeand improved strainsdeveloped from local stock. Avoid using seed grown . 
or collected more than 200 miles southward or 100 miles northward. Southern material up to 200 miles 
dista nt usually more prod uctive of forage. Species grows from nea r sea level up to 7,000 feet i r: elevation in . 
Rocky Mountains. Weakly moderate shade tolerance, occurring in open woodlands. Good tolerance to 
controlled burning. Moderately grazing tolerant. Somewhat vulnerable to close grazing in spring and early 
summer due to early elevation of shoot apices. A decreaser in most Great Plains grassland. except when 
winter-g razed. Good responder to irrigation and fertilization. Moderately compatib Ie in native warm season 
grass mixtures (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed between 1/4 and 3/4 inch deep on prefirmed seedbeds. Commercial seed is clean and easily 
drilled. Better stands obtained by planting into nonvolunteering crop stubble or by adding supplemental 
mulch and light irrigation in critical and erosive sites, including surface mined soils. Topsoil and/or 
fertilizers needed for good stands on exposed subsoils, parent materials, and spoils. Seeding rate varies 
with methods, costs, and purposes of seedings and site and seedbed conditions. Satisfactory pasture 
generally results by end of second season after drilling 15 to 25 PLS per square foot (2 to 3 pounds PLS per 
acre). Use 50 to 100 percent higher rates for broadcasting and for hay, also for dry, hot, and rough sites or 
seedbeds. Plant prior to 2-month period most favorable for rapid germination and seedling regrowth:. 
usually March to April in southern Great Plains and April to May in northern Great Plains (4,5,6). 

Seed Cleaning and Quality 

Combine seed directly or use binder first. Dry combined seed before sacking to avoid damage fronl 
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ating. Hammermill at 800 rpm to obtain smooth florets for planting. Reclean in fanning mill fitted with 
h;14 and 1/22 sized upper and lower screens. Seed quality: 95 percent purity; 70 percent germination; 66 
~ercent PLS; and 389,000 seed per pound. 

Gerrnination and Seedling Characteristics 
::--
Seeds germinate in 28 days in seed lab testing after prechilling. Considerable seed dormancy; fresh seed 

rnetimes planted in winter; using year-old seed preferable. Species only shows fair to medium vigor; 
S~rne improvement in new varieties. Stands usually develop by second or third season; possible to use 
~ertain herbic.ide-tolerant strains and produce fair first year cover and forage with good moisture 
conditions or Irrigation. 

MANAGEMENT 

Native stands useful for grazing and hay; good for wildlife food and cover. Species seeded for those 
purposes, for grass waterways, terrace outlets, and, sometimes, for irrigated pasture and hay. Alsoused for 
mine soil stabilization and In mixtures with bluestems (Andropogon spp.) and yellow I nd lang rass 
(sorghastrum nutans) for prairie restoration. New seedings require weed control. Strains being developed 
at Nebraska Agricultural Experiment Station are moderately atrazine resistant. Grazing considered 
acceptable weed control method at Kansas Agricultural Experiment Station. Moderate continuous su mmer 
grazing or an early rotation system for steers advocated, for good condition ranges. Some form of deferred 
orrotation grazing usually prescribed for poorer condition ranges or seeded pastures. Annual fertilization 
needed on pure stands of high density. Combining seeded cool season with native orseeded warm season 
switchgrass or bluestem pastures provides longer, more productive pasturage in subhumid tallgrass prairie 
regions. 

ASSOCIATED SPECIES 

Species very commonly occurs with big bluestem (Andropogon gerardii) and yellow Indiangrass 
(Sorghastrum nutans) and a variety of forbs and few shrubs on midwestern lowland prairies. It is seeded 
with these associates and other species on subirrigated, overflow, sandy, and even sands range sites, often 
somewhat in proportion to their natural occurrence on site being revegetated. 

PESTS AND DISEASES 

Grasshoppers and leafhoppers hazardous in new seedings. Some stand losses from damping off and 
seedling bl ig ht. Rusts occasion ally affect fo rage qua lity. 

IMPROVED VARIETIES 

';6lamo' (Texas); 'Blackwell' (Oklahoma); 'Caddo' (Oklahoma); 'Grenville' (New Mexico); 'Kanlow' (Kansas); 
~braska28', 'Pathfinder' (Nebraska); and 'Summer' (South Dakota) are recognized varieties. Consult with 
plant materials specialists about these and developing varieties for specific sites and purposes. 

REFERENCES 

11},Vallentine, J. F. 1967. Nebraska range and pasture grasses. Neb. Ext. Serv. Circ. 67-170.55 pp. 

(2)	 Leithead. H. L., L. L. Yarlet!, and T. N. Shiflet. 1971. 100 native range forage grasses in 11 Southern States. U.S. 
. Dept. Agr, Agr. Handb. 389. 216 pp. 

.(~) VaHentine, J. F. 1971. Range development and improvements. Brigham Young Univ. Press, Provo, UT. 516 pp. 

. 4l Allr~d'i B. W., and W. M. Nixon. 1955. Grass for conservation in the Southern Great Plains. U.S. Dept. Agr. Farm 
u I 2093. 30 pp. 

. £S).launChbaugh, J. L., and C. E. Owensby. 1978. Kansas rangelands. Kans. Agr. Exp. Sta. Bull. 622. 56 pp. 
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Figure 23. Switchgrass (Panicum virgatum). Plant x 1/3; spikelet x 8. (Spikelet after Gould and Box 1965.) 
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CULTURE 

, 

DALLISGRASS 
Paspalum dilatatum Poir. 

ORIGIN 

I troduced into southern U.S. from South America; widely used and naturalized in southern and Pacific 
;oast States; also in the milder irrigated sections of the Southwest. See map for distribution in the U.S 

SPECIES CHARACTER ISTI CS 

Warm season bunch to open sod-former of C-4 type. 

Culms leafyat base. erect, 1 t04 feet tall, from a decumbent, knotted baseof short rhizomes. 
Nodes often hairy. Leaf blades flat, 1/4 to 1/2 inch wide. elongated, rough edged, and long 
hairy near collar. Lig ule a rounded membrane Inflorescence a panicle of 3 to 8 ascending 
or d reoping, racemose b rances 2 to 3 inches long. Spikelets small, com pressed, ovate, and 
pointed. borne in overlapping pairs and hairy fringed. Fertile lemma. enveloping seed, 
elliptic, pale and unawned (1). 

Strongly fibrous rooted, with weak rhizomes formi ng incomplete sod. not fully effective in resisting erosion 
of steep slopes. Growth starts earlier in spring than for most warm season grasses; growth continues 
throughout su mmer with moistu re; remai ns green in' winte r at southern locations, sufficient for wi nter 
grazing on clayey blacklands. Makes quick recovery and abundant regrowth until frost. Produces seed 
intermittently; two crops possible. Palatable and nutritious to all kinds of livestock when green. Provides 
food and cover for birds and small mammals (1). 

ECOLOGICAL RELATIONSHIPS 

Thrives on moist, fertile. clayey and loamy lowlands; tolerant of most soil textural groups except sandy. 
Endures extremes of drought and moisture on heavy clays better than most humid zone grasses. Generally 
adapted to over 35 inches MAP zones in southeastern U.S. and to irrigation in southwestern U.S. Tolerant of 
moderately saline and acidic soils. More prod uctive in near neutral soils. Only fair drought resistance 
compared to weste rn native grasses. Tolerates moderate frost. Weak Iy moderate sh ade to lerance and good 
lire tolerance when dormant. Moderately tolerant to grazing. Some defoliation benefits production and 
persistence because species has determinate type of growth. Responds well to irrigation: fertility 
demanding for good performance. Becomes sodbound without legumes or nitrogen fertiiization Good 
compatibility with legumes and other grasses due to weak rhizomes. 

!:!.anting Depth, Rate, and Time 

~~ill seed 1/4 to 3/4 inches deep; use shallower depth on moister or fj ner textured soils and deeper depth on 
. nar Or coarser soils. Species requires a firm, well prepared seedbed for good establishment. Cover 
broadcasted seed shallowly with soil or use a cultipacker and press seed into soil Need 25 to 40 PLS per 
~quare foot t? prod uce satisfactory pastu re stands in drier edges of humid zones or in coarser upland soils. 
aOU?le seeding rate for denser stands in moister humid zones, and for broadcasting, poor seedbeds, and 
f~~slve sites. Late fall (Oct. to Nov.), late winter, or spring are preferred seasons for seeding in South; late 

more cOmmonly used in rice-growing areas. 

~Ieaning and Quality 

~~~r~ine standing crop directly or mow, windrow, and combine out of windrow. Combined seed needs to 
. 1'11111. ~ed thoro~ghlY Hairy bracts can be hulled in a hammermill. Use a gravity cleaner rather than a fanni'-Ig 

eed quality: 70 percent purity; 70 percent germination; 49 percent PLS; and 220,000 seec per pound. 
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Germination and Seedling Characteristics 

Seed germinates in 21 days in ~eed lab tests Has considerable.dormancy. Seedli~g vigoronlyfair. CarefUl 
management reqUired to obtain good stands. Hardy and perSistent, even escaping from cultivation after 
well established. 

MANAGEMENT 

Species makes better pasture than hay due to lodging. Sod-forming habits with defoliation and perSistent' 
spreading make it potentially useful for soil conservation purposes. Topsoil replacement and/or heavy . 
initial fertilization, supplemental mulch, and sometimes irrigation are needed for good establishment in 
reclamation of disturbed soils. Control weeds in seedling stands and withhold graZing until well 
established. Graze in contin uous or rotation plan, not letti ng growth exceed 12 inches or stu bble become 
shorter than 2 inches; resting periodically in late summer or fall to restore vigor and production. Annual 
nitrogen fertilization and other soil amendments needed, according to legume composition and soil tests. 

ASSOCIATED SPECIES 

Seed species with a legume, usually either white clover (Trifolium repens) or a lespedeza (Lespedeza spp.). 
Species a valuable addition to other warm season grass mixtures, including bermudagrass (Cynodon 
dactylon) and carpetgrass (Axonopus affinis). 

PESTS AND DISEASES 

Ergot fungus commonly replaces seed embryos in wet seasons; ergot is poisonous 
Anthracnose and leaf blights occur. Sugar cane borers reduce seed production. 

IMPROVED VARIETIES 

'Prostrate', developed in Georgia, reported to be better adapted to light, poorly drained soils than 
"common." 

REFERENCES 

(1) Gould, F. W. 1975. The grasses of Texas. Tex. A&M Univ. Press, College Station, TX. 653 pp. 

(2)	 Bennett. H. W. 1973. Johnsongrass. dallisgrass, and other grasses for the humid South. Pages 333-343 li! M. E. 
Heath, D. S. Metcalfe, and R. F. Barnes. Forages. Iowa State Univ. Press, Ames, IA (3rd edition). 755 pp. 

(3) Semple, A. T., H. N. Vinall, C. R. Enlow, and T. E. Woodward.1940. A pasture handbook. U.S. Dept. Agr. Mise. Pub!. 
194 (Rev.). 60 pp. 

(4) Wheeler, W. A., and D. D. Hill. 1957. Grassland seeds. D. Van Nostrand Co., Inc., Princeton, NJ. 734 pp. 

(5)	 Dobson, J., and E. R. Beaty. 1977. Forage yields of five perennial grasses with and without white clover at four. 
nitrogen rates. J. Range Manage. 30:461-463. 
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Igure 24. Dallisg rass (Paspa/um di/atatum). Plant x 1/2; spikelet x 10. (Spikelet after A. S. Hitchcock 1950.) 
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REED CANARYGRASS 
Phalaris arundinacea L. 

ORIGIN 

Native to northern U.S. and circumboreal. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Large, moderately coarse, cool season, sod-forming grass of C-3 type. 

Culms thick, 3 to 6 feet tall, arising from large leafy sod clumps, having shallow, stout, 
spreading rhizomes. Leaf blades flat, thick, and rigid, up to 1 inch wide. Ligule large, obtuse, 
and membranous. Inflorescence a narrow, dense panicle 3 to 7 inches long with short 
appressed branches lobed at base. Glumes with narrow-winged midnerves; fertile lemma 
ovate, unawned, appressed hairy and brownish at maturity, flanked by a pair of hairy. scale
like sterile lemmas (1). 

Growth starts in early spring and continues until frost with adequate moisture and fertility; little regrowth 
after frost. Medium palatability to livestock when actively growing. Poor to fair palatability in fall and winter; 
less palatable than tall fescue. One of the highest forage-yielding grasses in its semihydric habitat (2,3). 

ECOLOGICAL RELATIONSHIPS 

Thrives on poorly drained, wetland areas that are frequently flooded or subirrigated, especially in silty or 
clayey textured soils. Moderately tolerant of coarser sandy soils; thrives on uplands under irrigation. 
Excellent tolerance to high water tables, flooding, and submergence. Only moderate drought tolerance; 
may winterkill on uplands without adeq uate moisture or snow cover. Moderate tolerance of saline, alkaline. 
and acidic soils but not sodic soils. Species occurs in brackish tidelands along northwest coast. Moderate 
cold tolerance and winter-hardiness, but less hardy than smooth bromegrass (Bromus inermis). Seedlings 
more frost sensitive than most cool season species. Species occurs from near sea level to about 9,000 feetin 
elevation in Rocky Mountains. Not shade-tolerant. Sites seldom burned by wildfires; some tolerance to 
controlled burning due to rhizomes. Strong tolerance to grazing except in early growth stages. Alkaloidal 
content and increasing fiber content with advancing maturity associated with declining palatability. 
Competitive species, rapidly spreading by seeds and rhizomes on adapted sites. Incompatible with most 
species but possible to retain in legume mixtures with intensive culture and management (1,2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/4 to 3/4 inch deep in fineto medium coarse-textured soils or broadcast seed and cover with soil 
to si milar depths. Drill 40 to 50 PLS per square foot for pasture pu rposes. Increase rate 50 to 100 percent for 
denser stands for hay or soil stabilization and when broadcasting. Use only fresh seed which has been 
tested quite recently because seeds rapidly lose viability in storage. Spring, late summer, or late fall on 
poorly drained areas are more successful seeding dates. Stands easily established by pushing sod-pieces 
or jointed stems into wet soil; plant cuts with joints superior to sodpieces in very wet soils. Also established 
by spreading sod-pieces and jointed stem segments with manure spreader followed by disking (1,2,4). 

Seed Cleaning and Quality 

Harvest seed by binding, heading, or windrowing first and/or combining. Combined seed needs careful 
drying to avoid germination losses from heating. Seed recleaned in fanning mill equipped with 1/12 and6 x 
20 upper and lower screen sizes Seed quality: 96 percent purity; 80 percent germination; 77 percent PLS; 
and 506.000 seed per pound. 
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Germination and Seedling Characteristics 
:.--

Germination completed in 21 days in standard seed lab testing. Seeds germinate slowly and irregularly in 
the field. Moderate seedling vigor; seedlings may reach 10 to 20 inch heights in first season. Usually does 
not head out until summer of second year. Full stands may not be attained until third season. 

MANAGEMENT 

Species widely used, especially in Northcentral and Pacific Northwest forseeding humid, wet, and irrigated 
lands for pasture, hay, and silage. Valuable in soil conservation programs for gully control and 
maintenance of grassed waterways, stream channel banks, edges of farm ponds, silting basins; especially 
useful as a cover in which to dispose and use sewage effluents. A potential weed and silt-accumulatorto be 
avoided along slow-running ditches and shallow streams. Considered usable only on mined lands which 
are wet or receive additional moisture. New seedings need weed control and protection from grazing 
during first growing season. Graze established stands at the 6 to 24-inch vegetative stages, using an intense 
stocking and short rotation plan; always leave at least a 4-inch stubble. Possible to use with alfalfa 
(Medicago sativa) in subhumid and humid (not wetland) zones by careful grazing management. Alfalfa 
replaces nitrogen fertilization otherwise needed to prevent sodbinding (1,2,5). 

ASSOCIATED SPECIES 

Naturally occurs with a variety of semihydric graminolds; e.g., sedges (Carex spp.), rushes (Juncus spp.), 
and bulrushes (Scirpus spp.). Usually seeded alone for optimal stands, management, and production. May 
be maintained with alfalfa (Medicao sativa) and ladino clover (Trifolium repens) by planting in alternate 
rows and managing carefully.t 

l 
f· 

PESTS AND DISEASES 

Grasshoppers and cutworms cause minor damage; leaves occasionaily infected by Hefminthosporium 
giganteum and damaged by a frit fly (Oscinefla frit) (3). 

IMPROVED VARIETIES 

Numerous cultivars developed by experiment stations and com mercial seed companies. Consult with State 
and local plant materials specialists for superior varieties for specific sites and purposes. 

REFERENCES 
i
I· . (1) Hafenrichter, /J... L., J. L. Schwendiman, H. L. Harris, K. L. MacLauchtan. and H. W. Miller. 1968. Grasses and 
I legumes for soil conservation in the Pacific Northwest and Great Basin States. U.S. Dept. Agr., Agr. Handb. 339. 

69 pp. 

(2) Vallentine, J. F. 1971. Range development and improvements. Brigham Young Unlv. Press, Provo, UT. 516 pp. 

(3)	 Marten, G C., and M. E. Heath. 1973. Reed canarygrass. Pages 263-275 in M. E. Heath, D. S. Metcalfe, and R. S. 
Barnes, eds. Forages. Iowa State Univ. Press. Ames. fA. 755 pp. 

(4) Smith, D. 1962. Forage management in the North. Wiiliam C. Brown Co., Dubuque, 111,. 219 pp. 

(5)	 Thornburg, p... A. 1982. Plant materialS for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

87 



!' 
! 

i
 

I
 
I
 
I: 

Figure 25. Reed canarygrass (Phafaris arundinacea). Plant x 1/2; spikelet, floret x 10.
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TIMOTHY 
Phieum pratense L. 

ORIGIN 

E rasia n meadow grass widely used and naturalized in northern U.S. and mountainous West. See map for 
diUstribution in the U.S. 

SPECIES CHARACTERISTICS 

small-tufted, cool season, short-lived, perennial grass of C-3 type. 

Culms erect. 2 to 3.5 feet tall, uniformly leafy, with swollen bulblike bases. Leaf blades soft, 
flat, rough-edged, up to 1 foot long. Ligule membranous, irregular-margined, rounded or 
pointed and sometimes split. Inflorescence a dense, narrowly cylindric, spikelike panicle. 
Spikelets one-flowered; small floret containing seed flanked by a pair of distinctive short 
awn-tipped and hairy-fringed, keeled glumes (1). 

Moderately shallow and fibrous root system. Growth resumes in early to late spring: matures in early to late 
summer, varying with altitude and latitude. Produces moderate amount of cool season regrowth in early 
summer and fall with adequate moisture and fertility. Good palatability to livestock spring through fall; to 
elk, spring and summer; and to deer in spring. Some use made by white-tailed deer and moose (1,2). 

ECOLOGICAL CHARACTERISTICS 

Thrives in deep, fertiie, loamy, silty, and clayey soils of humid zones. Adapted to thin, gravelly, and rocky 
soils if adequately moist. Moderately demanding and responsive to nitrogen fertilization; responds well to 
irrigation. Tolerant of several weeks of winter flooding but only few days during growing season. Best 
performance with water table 6 inches or deeper. Generally requires at least 20 inches MAP or irrigation 
with lower amounts for economic production. Tolerant 01 soils that are weakly acidic to weakly basic in 
reaction. Excellent cold tolerance and winter-hardiness Grown from sea level to alpine elevations. Variable 
growth habit responses to day length, requires selection of adapted strains Good shade tolerance. Fair 
tolerance to fire in dormant state but sites seldom burnable. Good compatibility with legumes and cool 
season grasses (2,3,4). 

CULTURE 

~nting Depth, Rate, and Time 

Dril.1 seed at 1/2 inch depth in moist soil; 1/4 inch deeper or shallower in drier or coarser textured soil or in 
m~lster or finer textured soils, respectively. Cover broadcasted seed shallowly with soil or press them into 
sOil by cultipacking Drill 40 to 50 PLS per square foot (about 2 pounds PLS per acre) for pasture-type 
stands. Increase seeding rate 50 to 100 percent for broadcasti ng, harsh sites, poor seedbed conditions, and 
Cett me~dows or for hay crops. Use si milar or greater rates for critica Ily erosive sites and su rface mi ned soi Is. 
a te~ sites may require supplemental mulching for good stand establishment; do not hydromulch because 
~eedling~ must root in mineral soil. Plant before or early during the2-month period most favorable for rapid 
'hfr~lnat,on ~nd seedling growth: late summer, early spring, or late fall most regions; June or eary July in 
'm~ m?untalns. Irrigated plantings commonly made in August or from spring until midsummer at 
r2,3~~~~lnous elevations; should be sown at optimum date for seeding legumes when used in mixtures 

Seed CI
.~aning and Quality 

~gfe~~ine seed when well matured. Carefully adjust combine's threshing equipment for optimum yield. 
Seed qsUe~~ In fanning mill fitted with 1i19 or 1/20 sized top screen and 6 x 32 or6 x34sized bottom screen. 

a Ity 99 percent purity; 90 percent germination: 89 percent PLS: and 1,230,000 seed per pound (5). 

89 



Germination and Seedling Characteristics 

Seed	 germinates rapidly in 10 days in seed lab testing aided by prechilling. Moderate seedling vigo 
Usually well established by second season, sometimes by end of first season with more favorabl~ 
conditions and longer growing season. 

MANAGEMENT 

Species traditionally prized for horse hay and as a dominant in irrigated mountain meadow mixtures. More 
commonly planted for hay than pasture, but usually aftermath is grazed. Species sometimes used in 
seeding mixtures for stabilizing roadsides and disturbed soils tram industrial or mining activities. New 
seedings planted alone need weed control; when seeded with companion crop, companion crop should be 
harvested as early as possible. Do not graze until new seedings head out. Maximum dry matter hay yields 
obtained by harvesting in post-bloom stage; more digestible protein and metabolizable energy obtained 
from early cut hay. Legumes in mixture maintain higher soil nitrogen and dietary protein. Split nitrogen 
applications stimulate greater producton. Graze meadows in a rotation plan. In humid zones, graze until 
jointing stage, then mow for hay at bloom stage; repeat two or more times under favorable growing 
conditions. Harrow or drag meadows and fertilize annually Clover composition of meadows improved by 
feeding late cut hay containing clover on areas lacking such (1,4). 

ASSOCIATED SPECIES 

Sometimes seeded alone or in mixtures with grasses and without legumes for horse hay. More commonly 
seeded in mixtures with other meadow grasses [tall oatgrass (Arrhenatherum elatius), meadow fescue 
(Festuca elatior) , orcha rd grass (Dactylis glomera ta), meadow foxtai I (Alopecurus pra tensis), and creeping 
foxtail (A. arundinaceus)] and adapted legumes (4,5). 

IMPROVED VARIETIES 

There were 2S varieties on the National list in 1972. Consult with regional, State, and local plant material . 
specialists tor materials adapted and suited to specific sites and purposes. 

Alpine Timothy 
Phleum alpinum 

Shorter native grass; occurs in alpine/subalpine elevations and higher latitudes worldwide. Shorter 
spikelike panicles wider at base, glumes longer awned, swollen upper sheath, and lack of bulblike bases 
distinguish alpine timothy from common timothy. Naturally revegetates somewhat in open or disturbed 
sites in western mountains; good performance in recla mation tests in Montana alpi ne mi ne wastes (6). Seed 
supplies limited. 

REFERENCES 

(1) Vallentine. J. F. 1967. Nebraska range and pasture grasses. Ne. Ext. Serv. Circ. 67"-170. 55 pp. 

(2)	 Shaw, A. F., and C. S. Cooper, co-chairmen. 1973. Interagency forage, conservation and wildlife handbook. Mont. 
Ext. Serv., Bozeman. 205 pp. 

(3) Vallentine, J. F. 1971. Range development and improvements. Brigham Young Univ. Press, Provo, UT. 516 pp. 

(4)	 Powell, J. B., and A. A. Hanson. 1973. Timothy. Pages 277-284 LQ M. E. Heath, D. S. Metcalf, and R. F. Barnes, eds. 
Forages. Iowa State Univ. Press, Amies, IA. 755 pp. 

(5) Wheeler, W. A., and D. D. Hill. 1957. Grassland seeds D. Van Nostrand Co., Inc., Princeton, NJ. 734 pp. 

(6)	 Brown, R. W., and R. S. Johnson. 1978. Rehabilitation of a high elevation disturbance. Pages 116-130 iflS. T. Ken~Y, 
ed. Proc. High Altitude Revegetation Workshop. No.3. Colo. State Univ. Water Resour. Res. Ins\. Inform. Series 
28. Fort Collins. 213 pp. 
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Figure 26 
Hitch' 

\f. 

r 
. Imothy (Phleum pratense). Plant x 1/2; glumes, floret x 10, (Glumes and floret after A,S,
cock 1950,) 

91
 



BIG BLUEGRASS 
Poa ampla Merr. 

ORIGIN 

Native to the intermountain West. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Medium-sized, basal-leaved, cool season bunchgrass of the C-3 type. 

Culms 2 to 4 feet tall with green to blue-green, smooth, basal leaves 8 to 16 inches long. Leaf 
blades narrow, folded, elongated with boat-shaped tips and short, thick, rounded ligule; 
those of culm leaves with conspicuous hard auricles. Inflorescence a narrow, elongated 
panicle, up to 8 inches long. Spikelets three to five-flowered, narrow, subcylindric with 
narrow-tipped glumes and round-backed and pointed lemmas, keeled above and yellowish 
green to brown (1). 

Sometimes with short rhizomes, probably due to interbreeding with rhizomatous Poa spp.; typically 
densely tufted. Strong fibrous root system when fully established; immature plants and seedlings easily 
uprooted on wet and loose soils. Growth resumes very early in spring, earlier than crested wheatgrass; 
matures in early summer at lower elevations with moisture exhaustion or later in summer with continuous 
vegetative growth from abundant moisture at higher elevations. Makes good early summer and late fall 
regrowth, usually latest green herbage of any cool season species. Good palatability to livestock spring and 
fall; also in summer at higher elevations; excellent palatability to elk yearlong and to deer in spring (1,2). 

ECOLOGICAL RELATIONSHIPS 

Thrives on moderately coarse sandy to fine clayey soils; fair tolerance to coarse sands and dense clay soils. 
Intolerant of saline soils but tolerant of weakly alkaline and acid soils. Weak tolerance of early spring 
flooding, high water tables, and poor drainage. Thrives in 15 to 20 inches MAP zone but nearly equal 
performance in better moisture sites of 12 to 15 inches MAP zone. Moderate drought tolerance comparedto 
cool season species commonly seeded in its native habitat. Excellent cold tolerance of local ecotypes; 
species occurs from foothill to subalpine elevations. Moderate shade and grazing tolerance. Intolerant of 
dry season wildfires; fair tolerance when dormant. Wea k yield responder to irrigati on; moderate responder 
to nitrogen fertilization. Species weakly compatible with other cool season species; better compatibility 
when seeded in alternate rows with stronger competitors (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed about 1/2 inch deep for medium-textured soils with average moisture conditions or 1/4 inch 
shallower or deeper for finer and moister or coarser and drier soils, respectively. Cover broad casted seed 
with soil to a similar depth. Drill 3 to 5 pounds PLS per acre for minimal to moderate stand densities on 
semiarid to average moisture range sites seeded for pasturage and cover. Increase seeding rates 50 to 100 
percent for broadcasting; for harsher, drier, and erosive sites; and for quicker and denser cover. Seed 
before or very early during the 2-month period with most favorable conditions for rapid germination and 
seedling growth: early spring; late summer; late fall; or as early as possible in summer for higher mountain 
sites (2,3,4). 

Seed Cleaning and Quality 

Better seed yields obtained by binding, shocking and threshing or windrowing and then combining. see~ 
readily cleaned in a fanning mill. Seed quality: 90 percent purity; 70 percent germination; 63 percent PLS, 
and 917,000 seed per pound. 
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Germination and Seedling Characteristics- . 

seed germinates in 28 days under standardized lab conditions after a short prechilling treatment; two
thirds germinate in the first 10 days (4). Seedling vigor is moderate among cool season species and rather 
good for a bluegr~ss. Stands may be ready for graz!ng by th~ second faH with moderately good moisture 
conditions. Seedlings and Immature plants are easily puHea up by grazing 

MANAGEMENT 

Species is seeded alone or in mixtures with alfalfa and sometimes with other species for pasture and hay; 
the early green cover and long leaves provide excellent nesting cover and shade for pheasants and other 
birds and small mammals. Seeds eaten by songbirds, and the seed heads and foliage eaten by small 
mammals. New seedings require weed comrol during first season. Usually grazing must be withheld for two 
growing seasons to avoid stand losses from pull-up. Species is amenable to spring and fall grazing. Where 
spring pull-up from grazing occurs, fall grazing may be safer if plants are seeded in close-drilled rows in 
high population densities to maximize vegetative shoot development and minimize proporton of culms 
developing because latter most easily pulled up by grazing (5). 'Sherman' big bluegrass most advanta
geously used in late fall to early winter in ponderosa pine parks and abandoned fields in central 
Colorado (4). 

ASSOCIATED SPECIES 

Species occurs naturally in the big sagebrush and Palouse prairie vegetation associations and in minor 
amounts in subalpine grassland and open-forest communities. Species seeded alone most commonly but 
also in mixtures with alfalfa (Medicago sativa) for hay on both dryland and irrigated areas. It may be seeded 
in mixtures with other simple grass or more complex grass, legume, forb, and shrub mixtures for game 
range restoration or improvement. Plant species in alternate rows with stronger competitors for better 
stand establishment. 

PESTS AND DISEASES 

Grasshoppers, jackrabbits, and rodents affect newly seeded stands. Leaf and stem rus1s sometimes lower 
forage quality and stem maggots cause sterile culms in seed fields. 

IMPROVED VARIETIES 

'Sherman', a high producing utility type selected from Oregon materials, is widely used in the pine zones of 
Pacific Northwest and Rocky Mountain West (3,6). 

REFERENCES 

(1)	 Cronquist, A., A. H. Holmgren. N. H. Holmgren. J. L. Reveal, and P. K. Holmgren. 1977. Intermountain flora. Vol. 6. 
The monocotyledons. Columbia Univ. Press, NY. 584 pp. 

(2)	 Shaw, A. R., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation and wildlife handbook. 
Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(3)	 Hafenrichter, A. L., J. L. Schwendiman, H. L. Harris. R. S. MacLauchlan, and H. W. Miller. 1968. Grasses and 
legumes for soil conservation in the Pacific Northwest and Great Basin states. U.S. Dept. Agr., Agr. Handb. 339. 
69 pp. 

(4) Currie, P. O. 1967. Seeding Sherma n big bluegrass. J. Range Ma nage. 20: 133-136. 

(5) HYder, D. N., and F. A. Sneva. 1963 Studies of SIX grasses. Oreg. Agr. Exp Sta. Tech. Bull. 71.20 pp. 

(6)	 Thornburg. A. A. 1982. Plant materials for use on surface mined lands in and and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 
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Figure 27. Big bluegrass (Poa amp/a). Plant x 1/2; floret x 8. (Floret after A. S_ Hitchcock 1950,) 
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KENTUCKY BLUEGRASS 

Poa pratensis L. 

ORIGIN 

European meadow grass widely introd uced and natural ized in U.S. in Colonial and Homesteadi ng eras. See 
map for distribution in the U.S 

SPECIES CHARACTERISTICS 

Short to medium height, cool season, dense sod-forming perennial grass of the C-3 type. 

Densely-tufted and turf-forming with shallow, fibrous root and abundant, widely spreading 
rhizomes. Leaves mostly basal; blades narrow, glabrous, V-shape in cross section with 
boat-shaped tips. Membranous, short, blunt ligule. Inflorescence an open panicle, 
pyramidal or conical-shaped, with whorls or branches in fives or threes. Spikelets small 
with keeled glumes and lemmas. Lemmas with a web of fine hairs at their base (1) 

Growth starts in early spring, usually March or early April; vegetative growth rapid until late July and 
August when becomes semidormant with summer heat and inadequate moisture. Abundant fall regrowth 
made until mean daily temperatures drop to near freezing level. Highly palatable to most grass consumers 
in rapid growth phases; palatability greatly reduced during semi dormancy of late summer and winter (2). 

ECOLOGICAL RELATIONSHIPS 

Thrives on moist, fertile sandy to clayey alluvIal soils high in organic matter in cool temperate climates. 
Survives, but makes less growth, on sands; dense clays; and thin, rocky soils witn adequate moisture. 
Tolerant of weakly basic. acid, and salty soils. Nitrogen-demanding for good production. Intolerant of 
prolonged flooding, high water tables, or poor drainage. Good cold and winter hardiness Naturalized from 
near sea level to the alpine edge of the Rocky Mountains, Rather moisture demanding and only fairly 
drought tolerant. Requires about 18 inches MAP or irrigation for good performance Moderate shade 
tolerance; common in aspen groves; not as tolerant as orchard grass (Dactylis glomerata) or red fescue 
(Festuca rubra). Intolerant of burning in active growth stages; almost eradicated by late spring burning of 
midwestern bluestem pastures: retained for desirable ruffed grouse drumming ground cover by burning 
when dormant with damp soil. Excellent grazing tolerance; increases or invades in intensely grazed 
pastures within its zone of adaptation. Poor compatibility with most pasture or hay species but fairly good 
with turf grasses and clovers (2,3). 

CULTURE 

Planting Depth. Rate, and Time 

'., Drill no deeper than 1/4 inch on heavier soils or 1/2 inch on fighter textured soils. Often broadcasted and 
. rolled or cultipacked to press seed into surface soil. Supplemental mulch improves stand establishment 
: Seeding 50 to 150 PLS per square foot (about 1 to 3 pounds PLS per acre) will produce an adequate 

nucleus for full stands within 2 or 3 years on subhumid rangelands (3); as much as8 pounds of quality seed 
per acre are used for pastures in the NOrtheastern States; 1 t02 pounds of quality seed per 1,000 square feet 

.~ are recommended for lawns (4). Heavier rates needed for erosive soi I and steeper slopes, especially south 
and west exposures: 5 pounds PLS per acre adequate with good management. Early fall (August to 
~ePtember) for humid lowland elevations; early spring, especially when a legume is included in mixture; or 
ate f~lI (October to November) for mountai n elevations are p refe rred dates for seed ing KentUcky bluegrass 

Or mixtures contai ni ng it (4). Species now com monly seeded for amen ity grassland pu rposes. 

~Cleaning and Quality 

~~rVested either by swathing before co.mbining, combining the standing crop directly, or. by us~ng 
.. rnili pers. Seed processed by rUbbing equipment to remove the hairy web. Clean defuzzed seed In fa.nnlng 

.p USing 26 x 26-mesh top screen and 6 x 40-mesh bottom screen. Seed quallty: 90 percem pUrity; 80 
.. ercent germination; 72 percent PLS; and 2,156,000 to 2,200,000 seed per pound. 
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Germination and Seedling Characteristics 

Seed	 germinates in 28 days in laboratory tests. Weak seedling vigor. Stands develop slowly even with 
considerable care. Stands seldom fully developed before third growing season. Consider sod transplantin 
where early cover needed. 

MANAGEMENT 

Species naturalized in cooler, moist sites across the country, Seldom seeded in West due to low yield and 
natural invasion into overused and disturbed pastures. Useful for amenity grasslands or landscaping 
around industrial sites; also used or naturalized in mountain, northern Great Plains, and Cornbelt 
waterways. Control weeds especially during seedling year. Planting with legume improves production and 
quality of forage. Liming required on acid soils; nitrogen fertilization needed at least annually when grown 
without legume; use soil test information to determine other deficient nutrients that need to be included in 
fertilizer program. Graze continuously at moderate intensity or rotate grazing with periodic resting during 
growing season to leave 2 to 3-inch stubble. Mowing or grazing to a 1 to 3-inch stubble is essential for; 
maintaining clover in seeding mixtures (5). A fertilization program is needed for good forage production 
and where quality and esthetic turf is desired. 

ASSOCIATED SPECIES 

Most com monly associated with white clover (Trifolium repens), red top (Agrostis alba), Canada bluegrass 
(Poa compressa), timothy (Phleum pratense), tall fescue (Festuca arundinacea), and a host of weeds in 
naturalized stands. Commonly seeded alone or in mixtures with bentgrasses (Agrostis spp.) and clovers 
(Trifolium spp.) in amenity grasslands and for landscaping or soil stabilizing turf. 

PESTS AND DISEASES 

Stand, quality of turf, and forage affected by white grub larvae of May and green June beetles, sod 
webworms, leafhoppers, moles, and gophers. Leaf and stem rusts, powdery mildew, and other fungal and 
bacterial diseases affect seed crop in northwestern States (5). Infectious turfgrass diseases, including 
seedling blight, melting-out, fading-out, brown patch, dollar spot, snow mold, and fairy ring, cause 
extensive damage to lawns and golf courses. 

IMPROVED VARIETIES 

There were 33 strains or cultivars in 1972 National listing. Consult with State or local plant materials 
specialists for varieties best adapted to specific sites and purposes. 

Canada bluegrass 
Poa compressa 

Introduced from Eurasia and naturalized in disturbed places in Kentucky bluegrass range; has distinctly· 
flat stems, short blue-green leaves, shorter condensed panicles, and mostly nonwebbed lemmas. Growsin·· 
more open, bunchy sods; tolerates moderately acid, infertile, drouthy, thin-soil sites in over15 inches MAP, 
in northern and western mountain areas. Sometimes used for low maintenance landscaping, stabilization 
of disturbed land surfaces, and in pasture mixtures on poorer sites not suited to higher producing tame 
pasture species. Used some in Ohio and Illinois coal districts for reclamation of coal minesoils. 'Rubens' 
listed as a superior cultivar (6). 

REFERENCES 

(1)	 Hitchcock, A. S., and A. Chase. 1950. Manual of the grasses of the United States. U.S. Dept. Agr., Misc. Pub!. 200' 
(revised) 1.041 pp. 

(2) Vallentine, J. F. 1967. Nebraska range and pasture grasses. Neb. Ext. Servo Circ. 67-170. 55 pp. 

(3)	 Shaw. A. F., and C. S. Cooper. 1973. The interagency forage. conservation and wildlife handbook. Mont. State Univ. 
Ext. Serv., Bozeman. 205 pp. 
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(4)	 Grau, F. V., and M. H. Ferguson. 1948. Pointers on making good lawns. Pages 302-307 ill A. Stefferud, ed. Grass. 
1948 Yearbook of Agriculture. U.S. Dept. Agr., US. Govt. Print. Ottice, Washington, D.C. 892 pp. 

(') FerguS, E. N.. and R. C. Buckner. 1973. The bluegrasses and redtop. Pages243-253 ill M. E. Heath, D. S. Metcalfe, 
:> and R. F. Barnes, eds. Forages. Iowa State Univ. Press, Ames. Third Edition. 755 pp. 

(6)	 Vogel, W. G. 1981. A guide for revegetating coal mmesoils in the Eastern United States. U.S.D.A. For. Servo Gen. 
Tech. Rep. NE~8. 190 pp. 
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Figure 28. Kentucky bluegrass (Poa pratensis). Plant x 1/2: spikelet x 10. 

98 



SANDBERG BLUEGRASS 
Poa secunda Pres/. (6) 

ORIGIN 

Native to western U.S. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Short, cool season bunchgrass of C-3 type. 

Small and densely tufted; culms 8 to 16 inches tall, typically under 12 inches tall. Leaves short 
and mostly basal; blades folded or involute and soft with boat-shaped tips. Basal leaves 
typically turning brown and disappearing after plants headed. Ligule membranous, long
pointed, about 1/8-inch long. Panicles yellowish, short, narrow-contracted with cylindric 
spikelets, two to six-flowered and often purple-tinged. Glumes short, pointed and hyaline
margined; lemmas containing seeds terete in cross section, rounded and puberulent below, 
weakly keeled above and not webbed (1) 

Shallow or sometimes deep, finely branched, fibrous root system. Growth starts in early spring ahead of 
native cool season species; matures in early summer or later at high mountain elevations; becomes dormant 
in summer and renews growth with fall rains. Low volu·meforage and seed producer; makes poor volume of 
summer regrowth and fair volume in fall. Good palatability to livestock while green, moderately used by elk 
and deer (2). 

ECOLOGICAL RELATIONSHIPS 

Adapted to all soil textures; well adapted and often a dominant or primary native in shallow, rocky, and 
droughty soils, such as the scabrock sites of interior Pacific Northwest, where early maturity and shallow 

. root systems are competitively advantageous. Intolerant of prolonged flooding and high water tables but 
. occurs on imperfectly drained sites where surface soils are saturated briefly in spring. Adapted to weakly 

.. acid. alkaline, and saline soils. Species occurs spottedly from low altitude cold deserts and plains to alpine 
'.	 elevations. Local sources of native seed cold-tolerant and winter-hardy; avoid using seed from habitats 

differing greatly from seeding sites. Moderately shade tolerant and fire-tolerant when dormant. Good 
,grazing tolerance due to shortgrowth form and early maturity; behaves as an increaser on most rangelands 
and may dominate overgrazed sagebrush-grass and Palouse prairie communities. Seedlings weakly 
competitive but plants compatible and competitive when fully established. often self-seeding and filling in 
bare spaces in bunchgrass stands and suppressing weedy cheatgrass invasion 13,4). 

CULTURE 

Planting Depth, Rate, and Time 

'Drill seed on well-prepared and firmed seedbeds at 1/4 to 1/2 inch depths. Drill30 t040 PLS per square foot
 
f~.r rangeland purposes. Double seeding rate when broadcasting; for harsh, dry, and erosive sites; and for
 

. higher density cover. Seed areas before the 2-month period most favorable for rapid germination and
 
seedling growth. Late fall suggested for Pacific Northwest and Great Basin States. 

. ~d Cleaning and Quality 

Se~d not available nor grown commercially. Small stands may be harvested with hand or mechanical 
~~Ippers. threshed. and cleaned in fanning mills Seed quality: 90 percent purity; 65 percent germination; 

percent PLS; and 925.000 seed per pound (3). 

Ger' .
~tlon and Seedling Characteristics 

Seeds germinate slowly in 28 days in seed testing. Seedling vigor is weak. Poor stands generally reported. 
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MANAGEMENT 

Species behaves as an increaser except on scabrock sites; moderate grazing advocated to prevent its 
increase with resultant lowered production. Species rarely used as a noncompetitive, early cool seaSon 
element in other mixtures or for reestablishing natives on former habitats Species greens up before most 
native species and retards runoff during snowmelt, runoff period. May have place as low maintenance tUrf 
in northern Great Plains and Rocky Mountain foothills and interior valleys. New seedings require weed 
control and protection from grazing. Management of established stands should provide for periodic 
heading and self-seeding (5). 

ASSOCIATED SPECIES 

Commonly a secondary species growing mixed with Idaho fescue (Festuca idahoensis) and bluebunch 
wheatgrass (Agropyron spicatum), wheatgrasses (Agropyron spp.), big sagebrush (Artemisia triden/ata), 
cheatgrass brome (Bromus tectorum), blue grama (Boute/oua gracilis), antelope bitterbrush (Purshia 
tridentata), and arrowleaf balsamroot (Balsamorhiza sagittata), and a variety of other grasses, forbs, and 
shrubs. Rarely seeded in mixtures with other cool season plants as an early seasonal, undercover, and/or 
hole-filling element. 

PESTS AND DISEASES 

No serious pests recorded. Slow germination and stand development might be affected by seed and 
seedling molds, rots, and blight organisms. 

IMPROVED VARIETIES 

None. 

Canby bluegrass 
Poa canbyi (Scribn.) Howell 

Canby bluegrass is similarto Sandberg bluegrass but is taller, more vigorous, longer leaved, later maturing, 
and more productive. Occurs intermixed with Sandberg bluegrass on more favorable sites in the Northern 
Great Plains, Rocky Mountains, and northern Intermountain and Pacific Northwest regions. At least one 
strain, P-851 , grown for seed production and used to limited extent. Low seed yields, limited seed 
availability, and uncertain seeding success have made these two species of secondary importance, 
although Canby is distinctly superior to Sandberg bluegrass in production. 

REFERENCES 

(1) Cronquist, A., A. H. Holmgren, N. H. Holmgren.J. L. Reveal, and P. K. Holmgren.1977. Theintermountain flora. Vol. 
6. The monocotyledons. Columbia Univ. Press, NY. 584 pp. 

(2) Vallenline, J. F. 1967. Nebraska range and pasture grasses. Neb. Ext. Serv. Bull. 67-130. 55 pp. 

(3) Hafenrichter, A. L., J. L. Schwendiman, H. L. Harris, R. L. MacLauchlan, and H. W. Miller. 1968. Grasses and legumes 
for soil conservation in the Pacific Northwest and Great Basin States. U.S. Dept. Agr., Agr. Handb. 339. 69 pp. 

(4)	 Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. 
Fish and Game Pub!. 68-2. 183 pp. 

{5} Anonymous. 1970. Management and uses of Sandberg bluegrass. U.S. Dept. Agr., Soil Cons. Serv.. Boise, ID. 2pp. 

(6) Arnow, L. A. 1982. Poa secunda Pres!. vs. Poa sandbergiJ Vasey. Sysl. Botany 6:412-421. 



Figure 29. Sandberg bluegrass (Poa secunda}. Plant x 1; spikelet, floret x 4. 
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YELLOW INDIANGRASS 
Sorghastrum nutans (L.) Nash 

ORIGIN 

Native to the Great Plains and eastern U.S See map for distribution in the US. 

SPECIES CHARACTERISTICS 

Showy, warm season, bunching sod-former of the C-4 type. 

Culms 3 to 5 feet tall or taller from leafy clumps, with hairy nodes and short sealey rhizomes. 
Leaf blades wide, flat, sometimes weakly hairy, up to 2 feet long, with prominent, rigid 
membranous ligules edged by teethlike vertical auricles. Inflorescence a golden bronze or 
yellow panicle, moderately dense, 6 to 12 inches long. Spikelets paired on ends of 
ascending branchlets, grey-hairy; perfect spikelet bearing fertile floret with twisted awn, 
sterile spikelet reduced to a fuzzy pedicel (1) 

Growth resumes in mid to late spring and matures in late summer or fall: earlier than big bluestem 
(Andropogon gerardiJ") Good amount of summer regrowth with available moisture but little regrowth after
frost. Relished by livestock in summer, only fair palatability after maturity. Grass clumps provide cover for' 
some bird and mammal species (1). 

ECOLOGICAL CHARACTERISTICS 

Thrives on deep, moist soils varying from heavy clays to coarse sands. Tolerant of moderate soil salinity 
and moderate acidity, as low asa pH of4.5. Tolerant of brief or periodic flooding, water tables in second foot: 
of soil, and imperfect drainage. Only fair drought tolerance. Good winter-hardiness of native seedstocks' 
and of improved strains derived from SUCh. Species occurs from near sea level to about 7,000 feet in 
elevation in Southwestern mountains. Avoid using seed grown in habitats differing greatly from seeding 
site. Moderately shade-tolerant; often found only in brushy thickets in South due to high palatability and 
shade tolerance. Strongly fi re-tolerant; spring bu rning revitalizes stagnant stands having accu mulations of . 
unused herbage and litter. Fair to weakly moderate grazing tolerance to close summer grazing; tolerant of 
winter grazing. Species behaves as a decreaser in grasslands and is often replaced by less palatable 
species under prolonged close use of native and seeded mixed populations. Good responder to irrigation' 
and fertilization, suitable for use in intensive tame pasture programs. Compatible with tall, palatable warm' 
season grasses and adapted persistent legumes (2). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed between 1/4 and 3/4 inch deep in a firm seedbed: use former depth in moist. fine-textured soils, 
the latter depth with drier, looser, and coarser soil conditions. Cover broadcast seedings io similar depths 
with soil. Drilling directly into previous year's nonvolunteering crop stubble aids stand establishment on 
soils which crust and in wind erosion areas. Supplemental mulch may be needed on steep, erosive slopes .. 
and for disturbed lands. Seed mulch may be needed on steep, erosive slopes and for disturbed lands. Seed. 
prior to the 2-month period having surface soil moisture and temperatures most favorable for germinatio~ 
and seedling establishment. Commonly used dates are January to April in southern Great Plains and April 
to May in the northern Great Plains. Irrigated pia ntings may be made in spring and as late in su mmer as seed· 
can germinate and become established well enough to overwinter. Legume and grass seeding mixtures 
should be made at optimum time for seeding legumes. Exception occurs when legumes are seeded· 
separately and usually first in an earlier season. The seed-hay method of seeding also may be used on badly 
eroded lands and in gullies. Sprigging of sod pieces also is possible in these situations (3). 

Seed Cleaning and Quality 

Seed can be combined directly if proper adjustments in threshing equipment are made. Seed shatters 
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readily and binding when the seed is in the hard dough stage ;s another alternative. Process harvested 
material in a hammermill and reclean it in a fanning mill for ease in drilling and forcommercial purposes. 
Unprocessed seed is difficult to drill except with drills equipped to handle chaffy seed Seed quality: 70 
percent purity; 60 percent germination; 42 percent PLS; and 170,000 pure seed per pound. 

~rmination and Seedling Characteristics 

Seed germinate in 28 days after a prechilling treatment in standardized seed testing. Seedlings have good 
vigor and are superior to big and little bluestem They form stands rather quickly, usually by the second 
season and sometimes by end of first season under best conditions or with irrigation. 

MANAGEMENT 

Native mixed stands of midwestern and southern prairies and savannas, normally containing Indiangrass in 
secondary amounts, are grazed seasonally or annually or are cut for hay. Management usually is geared to 
the primary species, more commonly to the bluestem grasses (Andropogon spp.). Refer to the 
management discussion for big bluestem (Andropogon gerardii). Species sometimes is seeded in pure 
standS for pasture or hay, but more commonly is seeded in mixtures with bluestems and sWitchgrass 
(Panicum virgatum) for the same and/or watershed protection purposes; may be further mixed with 
partridge pea (Cassia fasciculata), other legumes, and showy forbs to simulate native prairie composition 
and for esthetics. Competitive weeds need control in seedling stands; controlled graZing an acceptable 
method in Kansas tests. Manageme nt must provide periodic rests f rom grazing during the g rowing season 
and periodic burning of accumulating litter or mulch to restore vigor and productivity to native and seeded 
stands. Newer, short duration grazing systems also offer promise in improving cover and productivity. 
Species is well suited for use with seeded cool season species in separate pastures to further extend and 
improve production where there is a potentially longer growing season (3,4,5). 

ASSOCIATED SPECIES 

Commonly associated with big bluestem, little bluestem (Schizachyrium scoparium), and sWitchgrass in 
_midwestern prairies. Also often seeded with these associates somewhat in proportion totheir composition 
. in original vegetation on various adapted range sites. Legumes may be added to help maintain higher soil 
fertility and dietary protein. Desirable to plant grasses and legumes in alternate rows to minimize 
competitive effects. 

[MPROVED VARIETIES 

, Cheyenne' is recommended for parts of the Texas Panhandle and adjoining States. 'Holt', a fine-leafy type, 
js adapted to portions of western South Dakota and Nebraska and to parts of eastern Wyoming and 
Colorado. 'Llano', developed from a northeastern New Mexico collection, is recommended for portions of 
eastern New Mexico, the panhandle of Texas, and adjacent Oklahoma, southwestern Kansas, and 
southeastern Colorado. 'Nebraska 54' is recommended for portions of northeastern Kansas and eastern 
,Nebraska. 'Osage' is a southern type from Kansas adapted tor use in parts of central Kansas, western 
"Oklahoma, Central Rolli ng Red Plains of Texas, and eastward. 'Oto', a release from Nebraska, is adapted to 

. _southwestern Nebraskaand adjacent portions of Kansas and Nebraska. 'Tejas' is recommended for parts of 
Jhe Central Rolling Red Plains, Edwards Plateau, and Southern High Plains of Texas (6). 

'~EFERENCES 

(1) Leithead, H. L., L. L. Yarlett. and T. N. Shiflet. 1971. 100 native forage grasses in 11 Southern States. U.S. Dept. Agr., 
. Agr Handb. 398. 216 pp. 

~,- (2) Vallentine, J. F. 1971. Range development and improvements. Brigham Young Univ. Press, Provo, UT. 516 pp. 

(3)	 Allred, B. W.. and W. M. Nixon. 1955. Grass tor oonservation in the southern Great Plains. U.S. Dept. Agr. Farm. Bull. 
2093.30 pp. 

, l Merrill. J. L. 1978. Managing native range with rotational graZing and integration of cultivated pastures. Pages 122
130 in C. A GriffIth, ed. Proceedings of Conferenoe on the Management of Warm Season Grasses for Utilization 
With Beef Cattle. Noble Foundation, Ardmore, OK. 152 pp. 
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(5)	 Vogel, W. G. 1981. A guide for revegetating coat minesoils in the eastern United States. U.S. Dept. Agr. For S 
Gen. Tech. Rep. NE-68. 190 pp. . 

(6)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157' 
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ALKALI SACATON 
Sporobolus airoides (Torr.) Torr. 

ORIGIN 

Native to the western United States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Stout, coarse-leaved, warm season bunchgrass of the C-4 type. 

Robust with culms 1 to 3 feet tall growing from large-diameter clumps or tussocks; forming 
an open, hummocky sod but lacking true rhizomes. Bases surrounded by slick, shiny, 
cream-colored sheaths. Leaf-sheaths hai ry at the summit; leaf blades extended, flat at base, 
and involute toward tips; with a hairy fringed ligule. Flowering branches forming an open 
panicle, broadly conical or pyramidal, up to 18 inches long but often shorter, and with lower 
branches appressed toward axis by upper sheath. Spikelets one-flowered, minute, and 
unawned (1). 

Deep, densely fibrous root system resistant to erosion. Growth starts mid to late spring or after Summer 
rains in the Southwest and matures from summer until fall Fair regrowth is made with available moisture 
until killing frosts, especially after sites are flooded in Southwest. Medium palatability to livestock when 
green and fair palatability after curing in winter. Provides cover and food for birds, includi ng waterfowl, and 
small mammals (1). 

ECOLOGICAL RELATIONSHIPS 

Thrives on deep, moist, or subirrigated sandy to clayey textured soils in the 12 to 18 inches MAP zones. 
Performs well in the 8 to 12 inches MAP zone or with less precipitation on lowland sites which are 
occasionally flooded or receive subirrigation. Tolerant of saline, saline-sodic, and nonsaline-sodic 
("alkali") soils. Maintains excellent sods on very salty soils with only two irrigations per year in Idaho. 
Tolerant of poor drainage, frequent flooding, shallow water tables, and moderate silt accumulations. 
Moderately drought-tolerant; drought reduces cover and yield but seldom kills entire turfs Only fair shade 
tolerance; occasionally found under protective cover of shrubs. Moderate fire tolerance and can be burned 
for more uniform grazing when in dormant state. Good grazing tolerance: close use affects vigor and 
production. Responds well to irrigation, particularly useful in stand establishment and economic seed 
production. Fair compatibility in seedings with native associates of similar palatability (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed at 1/4 inch depth Cover broadcasted seed to similar depth or cultipack to cover. Drill a minimum 
of 40 to 50 PLS per square foot (about 1/5 pounds PLS per acre) for rangeland pastures. Increase rate50to 
100 percent when broadcasting and for dry, south and west exposures, and erosive sites; for hay crops; or 
for denser cover for conservation plantings, inclUding disturbed land and surface mined soil stabilization 
Plant seed when soil temperatures average 80-90° F and there is maximum chance for effective 
precipitation within 15 days. Can irrigate site first, then plant, cover site with 1/2 inch of mulch, preferably 
vermiculite or perlite, and irrigate every 5-day period lacking available moisture until seedlings are 
established in mine-land reclamation in the Southwest (4). Where uneconomical to irrigate for rangeland 
seedings, seeding into pits, basins, or furrows that concentrate moisture may result in better stand 
establish ment. 

Seed Cleaning and Quality 

Seed is produced intermittently and matures irregularly within seedhead and in the field. Harvest seed by 
combining directly or thresh seedbearing hay. Fine, clean seed results and no further cleaning should be 
necessary. Seed quality (not weI! standardized): 85 percent purity; 80 percent germination; 68 percent 
PLS; 1,750,000 seed per pound; and about 1.200,000 pure, live seed per pound 

106 



Germination and Seedling Characteristics 
::::.:-
Most seed germmate rapidly in 5 to 10 days under ideal conditions. but considerable dormancy results in 
orne later germination. Seeds germinate well at constant or alternating 80-90° F temperatures. Seedling 

s'gor is fair overall but could rate good compared to blue grama (Boute/oua graci/is). Stands may develop 
~~lIybY end of second season under favorable conditions. more commonly not until third or later years (5). 

MANAGEMENT 

Native stands are grazed seasonally or yearlong with supplements in winter and are cut for hay and the 
aftermath grazed. Species infrequently may be seeded in mixtures with western wheatgrass (Agropyron 
smithii) and switchgrass (Panicum virgatum) on saline subirrigated sites in the Great Plains for pas1ure 
and/or hay. Used alone or in native mixtures to stabilize disturbed lands, especially in Arizona and New 
Mexico Competitive weed infestations may require control in seedling stands. Grazing should be withheld 
during seedl ing esta blish men! Matu re stands are opti mally grazed in late spri ng and summer for economic 
meat production. Rotation grazing with periodic deferments during 1he growing season and leaving a 4
inch minimum stubble at all times IS advocated. Flood irrigation where feasible is best insurance against 
feed shortages. Improved seedings are managed bet1er when fenced separate from other units. Hay needs 
to be cut in early headi ng stage to.make fa ir quality hay. Usually essential to drag meadows annually to level 
manure and dirt mounds which accumulate in grass bunches and interfere with mowing and irrigation. 

ASSOCIATED SPECI ES 

~ Species occurs in saline bottomlands grOWing with inland saltgrass (Distichlis spicatB stricta), western 
. wheatgrass. fourwing saltbush (Atrip/ex canescens). and black greasewood (Sarcobatus vermicu/atus) . 
. Infrequently seeded alone or in adapted grass mixtures on saline subirrigated or overflow range sites. 

Necessity of revegetating disturbed lands to native species has resulted in its use for these purposes, most 
commonly mixed with galleta (Hi/iaria jamesii) , Indian ricegrass (Oryzopsis hymenoides). and fourwing 
saltbush. 

PESTS AND DISEASES 

Grasshoppers, rabbits. and rodents affect both stands and forage crop. Ants tunnel in bunches and build 
mounds that are enlarged by silt deposits, creating characteristic hummocky microtopography. 

IMPROVED VARIETIES 

. None recognized Nationally. 'Willcox' is a leafy selection being increased for seeding in southern Arizona. 
~-15616, selected for shallow uplands. is being tested in New Mexico; PM-ND-264, from saline bottom lands 
In North Dakota, is being field tested. 

REFERENCES 

(1)	 Leilhead, H. L., L. L. Yarlett. and 1. N. Shiflet.1971.100 native forage grasses in 11 Southern States. U.S. Dept. Agr.. 
Agr. Handb. 389. 216 pp. 

(2) Vallentine, J F. 1971. Range development and improvements. Brigham Young Univ. Press, Provo. UT. 516 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. B8 pp. 

(4) Aldan, E F. 1978. Reclamation of coal-mined land in the Southwest. J. Soil and Water Conserv. 33:75-79. 

(5) Knipe. O. D. 1967. Influence of temperature on the germination of some range grasses. J. Range Manage. 20:298
299. 

107 



Figure 31. Alkali sacaton (SporoboJus airoides) Plant x 1/3; spikelet x 15. 
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GREEN NEEDLEGRASS 
Stipa viridula Trin. 

ORIGIN 

Native of northern Great Plains and adjacent areas See map for distribution in the US. 

SPECIES CHARACTERJSTI CS 

Moderately tall, cool season, long-lived, perennial bunchgrass of the C-3 type. 

Densely tufted. Erect cuI ms 1 1/2 to 3 1/2 feettall with abu nda nt, g lossy, brig ht-g reen, basai 
leaves Blades flat or inrolled, 4 to 12 inches long, tapering to threadlike tips. Ligule short 
membranous, callari ike. Distinctive tufts of hairs at summit of sheath. Narrow, contractea 
panicle type of inflorescence 4 to 8 inches long. Spikelets one-flowered. Large papery 
glumes; soft, hairy lemma enfolding fusiform grain tipped with a bent, twisted awn about 1 
inch long (1). 

Has deep, extensive, fibrous root system. Starts growth in March, makes most of vegetative growth in May 
and June, heads in June, and matures in July. Makes good regrowth summerlong with adequate moisLHe: 
fair fall regrowth. Moderately palatable to cattle yearlong, more so when green (2). 

ECOLOGICAL RELATIONSHIPS 

Thrives on clayey soils and fractured shale of bottom lands, flats, and benches Less common on loams ana 
sandy soi Is, but also th rives as pioneer successional pia nt on abandoned cropland a nd on coarser textu red, 
disturbed soils. Grows as native on overflow, silty, and clayey sites. Moderately tolerant of flooding and 
short term SUbmergence; better performance with water table a few feet below surface. Optimal growth in 
12 to 20 inches MAP zone but occurs in 12 to 30 inches zones. Good drought resistance; less than blue 

(Boute/oua gracilis), nearly equal to western wheatgrass (Agropyron smithii) Tnrives on 
moderately alkaline soils derived from calcareous shales; weakly to moderately tolerant of soil salinity. 
Only weak tolerance to shade of scattered shrubs and openings in woodlands. Extremely winter hardy. 
Occurs at elevations to 9,000 feet in Rocky Mountains Variably tolerant of fire in dormant state, especially 
with a damp soil. Moderately g razing-resistant but vulnerable to intense early spring grazing or ciose 
mOWing. Compatible with other cool season species when seeded in mixtures (3,4). 

CULTURE 

Planting Depth, Rate, and Time 

~riil at 1 inch depth on loam; shallower depth on clayey soils and deeper on sandy soils; but not over I 1'2 
Inches deep. Plant 5 PLS pounds per acre to obtain one or two plants per square foot, a satistactory stand 
~or rangeland purposes. Increase rate up to 100 percent for broadcasting and for erosive and heiSr. sites . 

. I~Cluding drier south and west exposures. No difference in productivity observed at Mandan. ND at end of 
.fifth season from seeding 4 to 12 pounds per acre of quality seed, but heaviest rate more productive first 3 

(5). Plant fresh seed in late fall to help break dormancy; otherwise, 2 to 5-year old seed or low 
Oormancy strains may be seeded in early spring. Best seeding dates at Mandan were September' to 
tctober; late summer or early fall advocated on summer fallowed land in South Dakota Good to excellent 
~ anids reported from September seedings on surface disturbed soils in the Piceance Basin in western 

o orado (6). 

Seed C· .
~Ieanlng and Quality 

;I~~dbmatures irregula rly and shatters quickly_ Harvest with a bi nder and th resh after thoroughly dried. May 
and f e harvested with a swather an.d combined or c~mbined directly. Hammermill seed to remove awns 

UZZ. Clean to commercial quality In a fanning mill. Attempt to remove yellow-green seed and ret2 1n 
ure 

gray seed which has greater potentia! germination (5). Seed quality: 90-95 percent purity. 25 
ent ge . .rmlnatlon; 22-24 percent PLS: 181,000 pure seed per pound. 
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Germination and Seedling Characteristics 

Germinates slowly in 21 days in official seed testing after prechilling in KN03 substrate. Optimum 
germination at constant 68° F or alternating 68°-55° F temperatures (7). Good seedling vigor but slow to 
develop full stands, often not until third growing season. 

MANAGEMENT 

Gr.een needlegrass used for seeding rangelands, pastures, hay, and to stabil.ize erosive sandy to clayey 
sOIls In northern Great Plains. Seeds are eaten by small mammals and songbirds. One of few native cool 
season species with wide range of soil adaptations; especially tolerant of dense clays More commonly 
seeded in mixtures with western wheatg rass and/or other cool season grasses or legumes because it tends 
to thin out with time in pure stands. Control weeds, especially first 30 to 60 days after seedlings emerge' 
withhold grazing first season. Graze stands moderately, resting a different unit each year for 2 month~ 
during growing season. Where warm season grass pastures or rangelands exist, graze seeded stands' 
spring and fall or in winter in complementary plan. 

ASSOCIATED SPECIES 

Most commonly associated with western wheatgrass in native stands; occurs less commonly with silver 
sagebrush (Artemisia canal. blue grama, and needle-and-thread (Stipa comata). Seeded in mixtures with. 
western wheatgrass or with desert wheatgrass (A. desertorum) , intermediate wheatgrass (A. intermedium), 
and pubescent wheatgrass (A. trichophorum), with or without legu mes, such as alfalfa (Medicago sativa) or 
yellow sweetclover (Melilotus officina/is). 

PESTS AND DISEASES 

Grasshopper resistant. No major diseases; occasionally leaf-rust infested. 

IMPROVED VARIETIES 

'Green stipagrass', superior to common green needlegrass in forage and seed production, seedling vigor, • 
and regrowth ability. 'Lodorm', green needlegrass, is a selection for low seed dormancy. Both are adapted 
to same area as the species (8). Sleepygrass (Stipa robusta), closely related unpalatable species, naturally" 
occurs on disturbed sites in the Southwest and may be useful on such sites, particularly on those subject to' 
intense grazing. 

REFERENCES 

(1) U.S. Forest Service. 1937. Range plant handbook. Govt. Print. Office, Washington, D.C. n.p. 

(2) Vallentine, J. F. 1967. Nebraska range and pasture grasses. Neb. Ext. Servo Circ. 67-170. 55 pp. 

(3) Shaw,	 A. H., and C. S. Cooper. co-chairmen. 1973. The interagency forage, conservation and wildlife handbook.
 
Mont. State Univ. Ext. Serv .. Bozeman. 205 pp.
 

(4) Vallenline, J F. 1971. Range development and improvements. Brigham Young Univ. Press, Provo. UT. 516 pp. 

(5)	 McWilliams, J. L 1955. Effects of some CUltural practices ongrass production at Mandan, North Dakota. U.S. Dept.
 
Agr. Tech Bull. 1097.28 p.
 

(6) Kinch, R. C., and L. E. Wiesner. 1965. Getting green needlegrass stands. S. Dak. Farm and Home Sci. 16:14. 

(7) FUlbright. T. E 1981. Germination and seedling growth of green needlegrass (Sflpa vlOdula Trin.). Ph.D. Disser:t
 
Colo. State Univ., Ft. Collins 123 pp.
 

(8)	 Thornburg. A. A. 1982. Plant materials for use on surface mined lands in and and semiarid regions. SCS-TP-157;
 
EPA-600-7-79-134 88 pp
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Figure 32. Green needlegrass (Stlpa viridula). Plant x 1/2; glumes, floret x 2. 
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COMMON YARROW 
AclJillea miffefolium L. 

ORIGIN 

Native of Eurasia; widely escaped throughout much of U.S. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Herbaceous, cool season, perennial forb. 

Stems aromatic, hairy, 1 to 3 feet tall with shallow, fibrous roots and extensive, slender
 
rhizomes. Sometimes turf-forming. Basal leaves in rosettes before stems elongate. Leaves
 
alternate, lanceolate in outline, finely dissected into narrow ovate to linear divisions, grey

green to green, and variably hairy. Inflorescence a flat to round-topped panicle with
 
numerous, small composite-type flowerheads, each subtended by several rows of bracts.
 
Outer flowers of heads white, radiating, and strap-shaped; inner disk flowers tubular and
 
whitish; both bear tiny oblong, flat, white or gray achenes (1).
 

Plants have offensive odor and bitter taste. Growth resumes in early spring or later at higher latitudes an 
altitudes; flowering occurs from late spring or later throughout most of the summer; seeds mature durin 
summer and fall, some not maturing regularly in subalpine and alpine areas. Fair palatability to shee ~ en 
usually poor palatability to cattle but occasionally better; some use made by game birds, rabbits, smali e 

'lIJsmammals, deer, and bighorn sheep (1,2). 
,ric 

ECOLOGICAL RELATIONSHIPS 
E 

Thrives in loamy soils of moist sites, especially in cool temperate climates, from prairie and plains to hig 
mountain elevations. Weedy and rapidly occupying open and disturbed communities in lawns, roadside~~ 

drainages, and gullies. Fair tolerance to sites having imperfect drainage and subjected to infrequen 
flooding. More abundant and vigorous in over 18 inches MAP zones but growing in moisture accumulating. 
or disturbed sites with considerably less. Weakly moderate drought tolerance, persisting by rhizomes ana. 
seed Tolerant of weakly basic to weakly acidic soils, adapting to somewhat greater extremes, and to sorn~ . 
salinity. Strongly moderate tolerance to shade; thrives in fairly dense aspen groves. Good winter
hardiness, but avoid planting materia! from habitats differing much from seeding environment. Good fhtl. 
tolerance in dormant state. Good tolerance to grazing; generally thrives when associated species al'$ 
overgrazed. Not very compatible in seeding mixtures; less palatable and more aggressive than most 
associates. Strongly competitive when established (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill about 1/4 inch deep or broadcast and cover to Sl milar depth with soil or culti pack. Drill 40 to 60 PLS p:e 
square foot (1/2 pounds PLS per acre) for pure stands under ideal moisture and soil conditions; double~ 
rate when broadcasting and for harsh, erosive, and south- or west-facing sites. Reduce rate to proportIOn 
desired in mixtures. Seed at optimum date for primary species when in mixtures; preferably before the
moistest growing season; usually early spring, late summer, or late fall. Species can be transplanted y, 
sod pieces for critical area stabilization, such as gullies. 

Seed Cleaning and Quality 

Hand collect heads, dry, and fan material. No seed quality standards exist. Acceptable purity 50 perce~~ 
germination 80 percent (up to 98 percent with alternate wetting and drying), PLS40 percent, and4,124,O 
seed per pound (4). 
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Germination and Seedling Characteristics 
:;---

Satisfactory germination occurs with continuous exposureto moisture at 72° F to 84° F. Most germination 
ccurs in 2 to 8 days. Benefit of mOist prechilling questionable due to conflicting eVidence. Vigor of 
~eedlings rated good in intermountain region; 2 or 3 years needed for plants to flower and reproduce (5). 

MANAGEMENT 

considered to have high potential for alpine and subalpine revegetation and for stabilization and 
beautification of roadsides and critical sites; moderate potential for use in revegetation in coal mined lands 
and stabilization of heavy use areas in western Colorado and adjacent intermountain sites. Species rarely 
used except experimentally. Might be used advantageously for stabilizing disturbed lands because yarrow 
naturally invades and revegetates such areas. Species useful for game birds, rabbits, small mammals, and 
big game. New seedings may need some weed control and protection from trampling during establishment. 
After establish ment, moderately hea vy g razi ng or defol iation of associates at times whi ch tend to suppress 
their spread should aid yarrow vigor, esthetics, and stand-persistance. 

ASSOCIATED SPECIES 

Host of weedy and successional species occu r with yarrow, like com mon dandelion (Taraxacum officina/e) 
and cinquefoils (Potentil/a spp.). Western yarrow (A. mil/efo/ium lanu/osa) commonly associated with the 
perennial weed stage of retrogressive plant succession on western mountain rangelands. Sparse plants 
also occur intermixed in good condition rangelands, hence presence of the species is not always a reliable 
indicator of a disturbed environment 

PESTS AND DISEASES 

No serious pest or disease problems documented. Mild infections by rusts, root and stem rots, root knot 
nematodes, and powdery mildew noted. Sometimes a host to pale bastard toadflax (Commandra 
pallida) (6). 

· IMPROVED VARIETIES 

None. 

· Western yarrow 
:' Achillea mi/letolium lanu/osa (Nutt.) Piper 

Very similar to common yarrow but having linear leaf segments and densely hairy leaves and stems. A 
native plant not so commonly found in lawns, around buildings, and in fields. Western yarrow, rather than 
common yarrow, occurs as a weedy component of western rangelands. Many authors consider both 

,yarrows to be one species. Strai ns of the latter subspecies should be tested for western land reclamation. A. 
· m. roseum may have a place in beautification projects where adapted. 

'REFERENCES 

; (1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. The Swallow Press Inc., Chicago. IL. 666 pp. 

(2) U.S. Forest Service. 1937. Range plant handbook. U.S. Govt. Print. Office, Washington, DC. n.p. 

} Plummer, A. P.. D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. of Fish and 
Game Pub!. 68-3.183 pp. 

, (4) Sorensen, J. T., and D. J. Holden. 1974. Germination of native prairie forb seed. J. Range Manage. 27:123-126. 
:(5) PI 

ummer, A. P. Plummer Plant and Seed Co., Provo, UT. Personal communication. March 27,1982. 
t6 . 

1U,S Department of AgricUlture, Agricultural Research Service. 1960. Index of plant diseases in the United States Agr. Handb, 165, U.S. Govt Print. Office, Washington, DC. 531 pp. 
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Figu re 33. Com mon yarrow (Ach (/fea millefolium). Plant x 3/5; leaf closeup x 1; flowerhead x 2. (FloWerhead , 
and leaf after C, L. Hitchcock et al. 1969.) 
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CiCER MILKVETCH 
Astragalus Gieer L. 

ORIGIN 

Native to Eurasia where it grows in moist grasslands, open woodlands, flooded drainages, and meadows. 
See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

spreading, warm season, herbaceous, leguminous perennial forb. 

Stems of large diameter, succulent, decumbent. usually less than 3 feet tall, and spreading 
up to 10 1eet with vigorous, creeping rhizomes and a short tap root Leaves4 to 8 inches 
long, odd-pinnate, with 21 to 27 light green leaflets, about 1 to 2 inches long, and sparsely 
hairy. Inflorescence a contracted raceme with 15 to 60 pealike pale yellow to white flowers 
which mature into inflated, bladder-shapped, leathery, hairy reddish-green to green pods, 
turning black at maturity and containing n ume rous seeds tha t detach and rattle inside pods 
Seeds bright yellow to pale green, flattened, and egg-shaped (1). 

Growth resumes about 2 weeks later in spring and matures about 2 weeks later in summer than alfalfa. 
Good summer regrowth potential and fair amount of regrowth in fall with available moisture. Palatable to 
liyestock, elk, deer, and antelope; somewhat less palatable than alfalfa but nonbloating and nontoxic rJlay 
form nearly total cover from underground rhizomes and foliar spread under favorable conditions. 
Disintegrates to little or no cover in winter (2). 

ECOLOGICAL RELATIONSHIPS 

Well adapted to all soil textures from clays to sands but best performance on loams and sandy loams and on 
soil derived from limestone Better performance than alfalfa on thin foothill soils and on wet and higher 
altitude sites. Tolerant of soils ranging from weakly acidic to strongly alkaline in reaction; also tolerant of 
moderate soil salinity. Some stand establishment reported in wet site with pH of9.8. Performs satisfactorily 
on poor, infertile soils, such as critically disturbed sites. Optimum performance with moisture equivalent to 
18 to over 20 inches MAP. Tolerant of subirrigation with water tables within 3 feet of surface. Established 
stands show good drought tolerance but seedlings are more sensitive. Satisfactory stands generally 
obtained with over 14 inches MAP in cooler climates and more favorable sites. Good winter hardiness: 
species thrives at higher altitudes with less than 30 frostfree days; can be used to replace a!falfa in high 
elevation meadows. Generally grown in Rocky Mountains between 2,000 and 8,000 feet in elevation: only 

,. reCommended above 4,000 feet in Pacific Northwest and Great Basin States. Good performance in 
. association with shrubs; more useful in mountain shrub zone but seeded from upper sagebrush zone into 
openings in aspen and subalpine forests. Succulence and rhizomes suggest fi re resistance when green and 
tOlerance when dormant. Well established stands strongly competitive and only compatible with certain 

. specific grasses (1,2,3). 

"CULTURE 

~ng Depth, Rate, and Time 

~rill seed 1/2 to 3/4 Inch deep In a well prepared, firm seedbed Use 8 pounds PLS per acre for drill seedl ngs, 
p:c~un~s PLS per acre for mixtures with grass, and 3.0 to 3,5 pounds per acre In wide rows for seed 
esp uctlon Double the rate for critical area stabilization and for harsh and south- and west-facing sites, 
dou~~la!IY Wh~n seeding at other than optimum time Double the solid seeding rate when broadcasIlng and 
~aUsf e It again on critical sites CritIcal sites need to receive over 15 Inches MAP or light irrigations for 
Can p~ctory stand establishment Plant prior to the mOistest growing season, usually durrng Aprrl or May; 

ant later with irrigation (2) 
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Seed	 Cleaning and Quality 

Seed crops mature in late summer or early fall at lower elevations of the Rocky Mountains. Seed is reta' 
well in the pods for several weeks after maturity. Windrow the seed crop and allow it to dry until POd~ned 
brittl.e; defer threshing. until PO?S dry during the day. Reth~eshing tailings inc~eases seed recovery. S:re 

quality: 95 percent pUrity; germination, 20 percent unscanfled, 50 percent scarifIed (excluding hard se ~f 
and 75 percent including hard seed; PLS, 19 percent unscarified, 43 percent scarified, and 71 percent ~'th 
hard seed; and 130,000 seed per pound. Scarify seed in mechanical huller or scarifier several times j~st 
before planting, until 30 to 50 percent of seeds swell to double-size in 24 hours in water or test about 57 
percent germination in standard germination test. Scarified seeds lose viability qUickly in storag . 
Inoculate seed with specific inoculum just before seeding to induce N-fixation (4,5).	 e. 

Germination and Seedling Characteristics 

Seed emerges in field in 10 to 14 days under favorable ocnditions. Majority are hard seeds impermeable to 
water unless scarified. Seedling vigor rates good with irrigation but only fair under dryland conditions due 
to slow rate of growth. Irrigated stands make a short hay crop fi rst season and may attain full stand by end of . 
second year; dryland seedings may take 3 years to develop full stands (2,4). 

MANAGEMENT 

Currently used to limited extent due to seed shortages and special seed treatment required. Species' 
recommended for high elevation meadows, irrigated pastures at lower elevations, and dryland areas. 
receiving 16 inches MAP. Recommended for use in grass mixtures for stabilizing critical areas (pond or 
canal	 banks, spillways, road cuts and fills, mine spoils) and as erosion control cover crop in orchards 
windbreaks, and stream overflow areas. Well-rated potential for use in restoring big game range i~ 
intermountain West Control weeds and withhold grazing on seedling stands Allow no grazing on critical 
stabilization sites. Take only two hay crops for sustained hay production under irrigation. Graze pastures 
moderately in a rotation plan using crop when 8 to 12 inches tall and leaving abouta4-inch stUbble. Fertilize 
according to soil test (2,4). 

ASSOCIATED SPECIES 

Species recommended in grass-legume seedings with grasses about equally competitive and especially 
with creeping foxtail (A/opecurus arundinaceus), smooth brome (Bromus inermis), orchardgrass (Dactylis: 
glome rata), and tall fescue (Festuca arundinacea). Plant grasses and legumes in alternate rows to minimize 
competition and increase stand longevity. Species composition recommended at 50 percent in such 
stands. 

PESTS AND DISEASES 

Grasshoppers reduce seed crops but do little damage to foliage. Aphids, thrips, seed chalcids, and a seed
eating vetch bruchid reported to occur in plants. Stands and forage crop somewhat affected by root, crown, 
and stem rots, and a root rot has been noted on the tap roots. 

IMPROVED VARIETIES 

'Lutana' was released in Wyoming and Montana in 1970 and has most of the characteristics described 
above. 'Monarch' was released in 1980 from Colorado and was bred for superior seedling emergence.ltis 
recommended for the same areas in which 'Lutana' is adapted. 

REFERENCES 

(1)	 Shaw, A. F., and C. S. Cooper, co-chairmen 1973. The interagency forage, conservation, and wildlife handbOok. 
Mont. Slate Univ. Ext. Serv., Bozeman. 205 pp, 

(2)	 Stroh, J. R., A. E. Carleton, and W. J. Seamands. 1972. Management of Lutana cicer milkvetch for hay, pasture, 
seed, and conservation Use. Mont. Agr. Exp. Sta Buil. 666.16 pp. 
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(3)	 Plummer, A. P., D. R.Christensen, and S. B. Monsen.1968. Restormg big game range in Utah. Utah Div. Fish and 
Game Pub!. 68-3. Salt Lake City. 183 pp. 

(4)	 Carleton, A. E., R. D. Austin, J. R. Stroh, L. E. Wiesner, and J G. Scheetl c 1972 Cicer milkvetch. Mont. Agr. Exp. 
Sta. Bull. 655. 21 pp. 

'5l Hafen richter. A. L., J. L. Schwendiman, H. L. Harris, R. L. MacLauchlan. and H. W. Miller. 1968. Grasses and 
\ legumeS for soil conservation in the PacifiC Northwest and Great Basin States. U.S. Dept. Agr., Agr. Handb. 339. 

69 pp. 
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Figure 34. Cicer milkvetch (Astragalus cicer). Plant x 1/2; flower x 1. (Flower after Stroh et al 1972.) 
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ARROWLEAF BALSAMROOT
 
Ba/samorhiza sagittata (Pursh) Nutt.
 

ORIGIN 

Native chiefly oT the Intermountain West. See map for distribution In the U.S. 

SPECIES CHARACTERISTICS 

Cool season, herbaceous, perennial forb. 

Leaves mostly basal, large arrowhead shaped or triangular heartshaped, silvery-grey to 
white woolly pubescent, entire, long stalked up to 1 foot long or longer. Stemsscapose, 1 to 
2 feet tall, bearing sunllower-like flowerheads singly, having fuzzy basal bracts, yellow 
strap-shaped ray-flowers 1 t02 inches long, and yellow tubular disk flowers bearing smooth 
four-angled and three-angled achene-type seeds, respectively (1)\ 

t
!	 Thick, resinous. fleshy taproot with turpentinelike odor, moderately deep and resisling trampling. Growth 

renews very early In spring, flowering from late spring to midsummer, and maturing in early to late summer, 
varying with regional environmental conditions. Little summer and fall regrowth except when moisture 
remains abundant. Fair palatability to livestock, especially to sheep, when foliage tender, usually before 
heading; some acceptance by big game. Very poor herbage acceptance in fall and winter (1). 

ECOLOGICAL RELATiONSHIPS 

Thrives in well drained silTy and loamy soils of the Palouse prairies and adjacent sagebrush-grass and open 
juniper and ponderosa pine zones of the northern intermountain region. Tolerant of moderately alkalineto 
weakly acidic and also weakly saline soils. Intolerant of shallow water tables but tolerant of briefly 
saturated soil conditions on imperfectly drained soils; e.g., on some deep planosols. Strongly drought
resistant. Thrives in 16 to 20 inches MAP zone; almost equally vigorous in the 10 to 15 inches zones on 
favorable sites. but usually less abundant. Locally winter hardy, but likely to vary regio:lally: do not use 
plant materials liOm habitats differing much from planned seeding site. Naturally occurs between about 
1,000 and 9,000 feet in elevation. Tolerant of semishade of woodlands and shrublands. Moderately 
compatible with other species and competitive when fully established. Strongly tolerant of grazing. Good 
lire tolerance when dormant (1,2). 

CULTURE 

~anting Depth, Rate, and Time 

~ri~1 seed 1/2 to 1 inch deep on medium and coarse-textured soils, respectively; vary depths similarly for 
mOist and drier soil conditions, respectively. Drill in either desired or original species composition 
per:entages of a full stand rate of 20 PLS per square foot (10 to 20 percent recommended), using seed 

. S~bJected to2 months cold-moIst stratification where 3 months continuous snow cover nat assured on site 
a21~r late lall seedings. These stratified seeds can be seeded very early, or as early as possible. in springl • ,4). 

~aning and Quality 

~r~~:st s~ed by hand-collecting heads or using combine where feasible. Withhold stock from collection 
fa o' Until after seed harvest. Dry heads, mechanical!y flail or macerate-chop them, and clean material in 
p:eic~n~ mill. S.eed quality not standardized: 95 percent purity; germination about 4 percent unstratified, 67 
s_aC'(~,5~tratlfled In Qlbberrelic acid and kinetin, and up to 86 percent after 4 to 12 weeks stratification at 2 to 
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Germination and Seedling Characteristics 

Germination occurs slowly over an 8 week period. Maximum germination attained by 12 weeks m . 
prechilling at 0 to 5° C, but temperatures for germination and stratification are same, resulting in soO~st .. 
germination during stratification unless seed removed after 8 weeks. Very poor and erratic germinatioe 
without seed development; dry storage ineffective in breaking dormancy. Seedling vigor rather weak an~. 
stands develop slowly 

MANAGEMENT 

Species used in seeding mixtures for game range restoration in Utah. Rated high potential for oil shale 
restoration, coal mined land revegetation, and roadside and critical site stabilization and beautification', 
medium potential for revegetation of surface disturbed lands in intermou ntai n region. Showy flower head~' 
add diversity and aesthetics to monotonous landscapes. Management needed to effectively stratify seed' 
better stands possible by planting balsamroot and other slow developing species in alternate rows with' 
quicker developing or more competitive species. Reduce or withhold stocking and control weeds in 
seedling stands where feasible, and practice good range management after establishment (6). 

ASSOCIATED SPECIES 

Commonly associated in native stands with Idaho fescue (Festuca idahoensis), bluebunch wheatgrass 
(Agropyron spicatum), big sagebrush (Artemisia tridentata) , western and Utah junipers (Juniperus 
occidentalis and J. osteosperma), ponderosa pine (Pinus ponderosa), and the mountain shrub complex of 
the northern intermountain and interior Pacific Northwest regions. Recommended at 1/4 to 1 pound per 
acre rates in mixtures with native and exotic wheatgrasses, Russian wildrye (Elymus junceus), smooth 
brome (Bromus inermis) , orchardgrass (Dactylis glomerata); alfalfa (Medicago saliva) and other forbs; and 
rabbitbrush (Chrysothamnus spp.) and other shrubs for seeding big sagebrush, mountain shrub, and 
juniper-pinyon type game ranges in Utah. 

PESTS AND DISEASES 

Some insect damage reported to seed heads; livestock and big game selectively graze flowerheads before 
maturity. Heavy insect infestations require control when seed crops affected. 

IMPROVED VARIETIES 

None. 

REFERENCES 

(1) U.S. Forest Service. 1937. Range plant handbook. U.S. Govt. Print. Office, Washington, DC. n.p, 

(2)	 Plummer. A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring game range in Utah. Utah Div. Fish and 
Game Publ. 68-3 Salt Lake City. 183 pp. 

(3)	 Eddleman. L. E. 1978. Survey of viability of indigenous grasses, forbs, and shrubs: techniques for initial acquisition 
and treatment for propagation in preparation for future land reclamation in the Fort Union Basin. Annual.' 
Progress Report, Univ. Mont., Missoula. 232 pp. 

(4) Garrison, J. Soli Conservation Service, Phoenix, AZ. Personal communication. May 12, 1982. 

(5)	 Young, J. A.. and R. A. Evans. 1979. Arrowleaf balsamroot and mules ear seed germination. J. Range Manage. 
32:71-74. 

(6)	 U.S. Soil Conservation Service 1977. Long-range program. Upper Colorado Environmental Plant Center. Revision 
1, Sept. 1980. Meeker, CO 15 pp. 



Figure 35. Arrowleaf bafsamroot (Ba/samorhiza sagittata). Plant x 1/3. 



CROWNVETCH 
CoroniJla varia L. 

ORIGIN 

Native to Med iterranean regions of Europe, southwest Asia, and Africa. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Rhizomatous, cool season, herbaceous. perennial, leguminous forb. 

Stems angular, decumbent to ascending, 1 to 4 feet tall, with a deep taproot and numerous 
laterals from a branched root crown. Leaves alternate, stipulate, and pinnately compound, 
typically with 9 to 25 leaflets. Pealike, variegated white to purple flowers, borne in an umbel 
resembling a crown. Seeds borne in segmented, cylindric, fingerlike pods breaking into 
sections on drying, each segment containing one rod-shaped seed, yellowish to mahogany 
brown (1). 

Adventitious buds on roots produce stems or rhizomes by which plants produce a nearly total cover 
effective in preventing erosion. Flowers esthetic and bloom over long period. Good palatability to livestock 
and big game; not known to cause bloat (1). 

ECOLOGICAL RELATIONSHIPS 

Best adapted to fertile, well drained soils with a pH of 6 or above, particularly on calcareous soils; tolerates 
some infertil ity and acid ity when well established. Lower pH Ii mit of 5.0; sometime spreading into areas with 
a pH of 4.5 after established. Well adapted north of 35° N.latitude and east of 97th meridian. Intolerant of 
high water tables or prolonged flooding. Thriving in over 30 inches MAP zones but good performance in 
over 20 inches zone. Weakly moderate tolerance to drought due to surviving rhizomes and seed; some 
tolerance of burning for same reason. Moderate shade tolerance; seeded in western mountain shrublands 
and woodlands. Moderate tolerance of grazing, but overgrazing or mowing more than once per year 
reduces vigor and thins stands Strongly competitive when fully established, suppressing weeds and also 
desirable associates and developing a monoculture (2,3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/2 to 1 inch in depth on moister or fi ner textu red soi Is and on drier and coarser soi Is, respectively. 
Seed 10 t020 pounds PLS per acre, the lower rate when drilling and in semiarid zones and the higher rate in 
humid zones, when broadcasting. and on harsh, steeply sloping, and south and west-facing sites. Plant 
before the 2-month growing season which has the most favorable moisture conditions for rapid 
germination and seedling establishment; usually best times are either early spring or late summer to early' 
fall. Seed must be inoculated with the specific type of legume bacteria before sowing. Plant crowns 
effectively transplanted in spring to early summer (1,4). 

Seed Cleaning and Quality 

Combine harvesting practical with proper adj ustment of eq ui pment. Swathi ng or wi nd rowing unsatisfacto
ry due to loss of seed. Material from combi ne consists of pod segments coveri ng seed. Use scarifier to break 
up these pieces and reclean product in fanning mill. Seed quality: 98 percent purity; 90 percent 
germination; 88 percent PLS; and 110,000 seed per pound (5). 

Germination and Seedling Characteristics 

Most seed germinate moderately fast in 14 days under idea! conditions; some delayed germination from 
dormant seeds Seedling vigor only fair; stands develop slowly, taking 3 or 4 years, in part due to slow or 
poor germination. Once established, species slowly spreads until it develops total cover 
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MANAGEMENT 

Chiefly useful for watershed protection of poor, erosive, and sloping lands; limited use in restoring big 
ame ranges and for pasture and hay. Also used for stabilization of highway embankments, mj ne soils, and 

alstu rbed lands. Species well suited for improving bluegrass pastures by sad seeding. Control weeds in 
neW seedings by mowing above seedlings and/or seeding with quick developing companion grass, such as 
weeping lovegrass (Eragrostis curvulal. mountain brome (Bromus marginatusJ, or slender wheatgrass 
(AgrOpyron trachycaulum) where moisture will support both crops. Clipping studies indicate rotation 

razi ng to 6-inch stubble at 8-week intervals gives opti mum dry matter prod ucti on. Do not mow more than 
~nce per year. More research needed on seed production, stand establishment, and forage uses before 
more widely used (4). 

ASSOC!ATED SPECIES 

Species may be seeded or transplanted by itself. Commonly used with tall fescue (Festuca arundinacea) in 
Midwestern and Midsouthern States to stabilize highway embankments. 

IMPROVED VARIETIES 

'Emerald', 'Penngift', and 'Chemung' are cultivars released from Iowa, Pennsylvania, and New York, 
respectively. 'Emerald' recommended for use in Interior Coal Provinces; 'Chemung' and 'Penngift' in the 
Appalachian Region. 

REFERENCES 

(1)	 Leffel, R. C. 1973. Other legumes. Pages 21 0-220 l!! M. E. Heath, O. S. Metcalfe, and R. F. Barnes, eds. Forages. Iowa 
State Uni ..... Press, Ames. 755 pp. 

(2)	 Vogel, W. G. 1981. A guide for revegetating coal minesoils In the Eastern United States. U.S. Dept. Agr., For. Serv. 
Gen. Tech. Rep. NE-68. 190 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

(4)	 Plummer, A. P., O. R. Christensen, and S. B. Monsen. 1968, Restoring big-game range in Utah. Utah Oi ..... Fish and 
Game Publ. 68-3. 183 pp, 

(5) Wheeler, W. A., and O. O. Hill. 1957. Grassland seeds. O. Van. Nostrand Co., Inc.. Pnnceton, NJ. 734 pp. 
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Figure 36. Crownvetch (Coronilla varia). Plant x 1; flower x 4; pods x 1. (Flower after C. L. HitchCock eta . 
1961, pods after Graham 1941.) 
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': CULTURE 

ILLINOIS BUNDLEFLOWER 

Desmanthus illinoensis (Michs.) MacM. 

ORIGIN 

Native to southcentral United States, extending into Northern Great Plains and Southwest. See map for 
distributi on In the U.S. 

SPECIES CHARACTERISTICS 

Warm season, herbaceous, perennial, leguminous forb. 

Stems glabrous, angled, longitudinally grooved, erect, 2 to 4 feet tall. Leaves alternate; 
about 4 inches long, bipinnate with 6 to 15 pairs of pinnae (main divisions), each with 20 to 
30 pairs of small linear leaflets, and bristlelike basal stipules, smooth or hairy. Leaves 
sensitive to stimuli, infolding in bright sunlight and when touched. Flowers five-parted, 
borne in white "powder-puff" globose heads producing clustered flat scythe-shaped pods 
slightly spirally twisted, each about 1 to 1 1/2 inches long and containing two to six beans 
which "explode" from pods at maturity (1). 

Semiwoody stem bases; deep, woody roots and developing rootstocks in favorable environments. Growth 
resumes in later spring than for cool season species, flowering June or July until September, maturing 
about a month later, making summer and fall regrowth with available moisture but none after frost. Good 
palatability and nutritious to livestock and big game; seeds used by birds (2). 

ECOLOGICAL RELATIONSHIPS 

Thrives on medium-textured soils and tolerant of all except coarse sands and dense clays. More frequent 
and vigorous in 16 to over 20 inches MAP zones. Most commonly occurring in moist depressions and 
toleran1 of some flooding. Fairly common in open communities and on semibare and disturbed sites along 
roads, slopes, and river banks. Tolerant of moderately acidic (lower pH limit is 5.0) and somewhat alkaline 
soils. Good drou!;jht tolerance, especially in open communities without full competition. Species of 
SUbtropical stock winter hardy in about 200 to 300 mile latitudinal bands; apt to be somewhat cold sensitive 
if imported from distant southern sources. Less vigorous but tolerant of partial shade. Fair tolerance of 
burning in dormant state; hard seeds may be stimulated to germinate, Species responds to grazing as a 
decreaser, rapidly declining under too intense defoliation. Compatible with climax dominants of tallgrass 

'. prairie: adequate evidence of competitiveness (3,4,5). 

Planting Depth, Rate, and Time 

When seeded alone, d rill seed 1/2 to 1 inch deep on clayey or moister and sandy or drier soils, respectively. 
Drill5 to 10 pou nds PLS per acre, using former rate in grass-leg u me mixtures and latter rate when seeded 
?Ione for minesoil stabilization in humid zones. Increase rate50 to 100 percent when broadcasting. Seeding 
m prepared, dead crop stubble or adding supplemental mulch and irrigating when feasible may aid 
establishment on minesoils and critical areas. Use only about 1 pound per acre in rangeland and critical 
~rea seeding mixtures. Drill-seed mixtures before the moistest growing season: usually early to midspring 
In Southern to mid latitudes opti mal for both primary species and leg u meso Late fall or wi nter seedi ngs may 
freChili an.d stimulate better emergence of "hard" legume seed and dormant, fresh grass seeds. Consider 
ransplantlng rootstoc ks for c ritica I area sta b iIization; good rootstoc k prod uctio n ace urs under nursery 

conditions and may be duplicated in favored habitats (2,3). 

:.~Cleaning and Quality 

~:I~est small, native sta nds by hand-stripping pods. d rY.i ng ~nder cover, and cleanlng.i n fann ing mill. ~eed 
s may be harvested by direct-combining and cleaning In fanning mill. Seed quality not standardized: 
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acceptable purity 95 percent or better: germination 70 percent (including hard, dormant seed), requi . 
scarification for good germination; PLS 66 percent or better; and 85,000 seed per pound or up to 151 ~86 
seed per pure pound of seed (6). ' 

Qermination and Seedling Characteristics 

Nonhard seed germinate in 7 to 14 days, most within 5 days, with much delayed germination fro 
unscarified seed. Seedling vigor very good, may flower and produce seed first season with favorab~ 
growing conditions, but more fully established and productive second season. 

MANAGEMENT 

Generally recommended in the following seeding mixture for mined land reclamation and to simulate 
tallgrass prairie composition on suitable sites in eastern Kansas, western Missouri, and eastern Oklahoma 
(3): 

Species Rate - pounds PLS per acre 

Switchgrass (Panicum virgatum) 
Big bluestem (Andropogon gerardii) 
Little bluestem (Schizachyrium scoparium) 
Yellow tndiangrass (Sorghastrum nutans) 
Sideoats grama (Boute/oua curtipendula) 
Illinois bundleflower (Desmanthus il/inoensis) 

2 
3 
3 
4 
4 

~ 
21 

Recommended for use in range seeding and for wildlife food and cover in eastern two-thirds of Texas.:
Liming and adding phosphates according to soil tests usually necessary on acidic soil prior to seeding. 
Inoculate seed with specific rhizobia strain immediately before planting. Withhold grazing and control 
agg ressive weeds du ri ng seedli ng establish ment. Bundleflower somewhat sensitive to phenoxy herbicides. 
Carefully graze or harvest and provide fo r periodic rests from defoliation du ri ng growing season, especially 
before killing frosts, and leave 6 to 10 inches of stubble after harvests to ensure perpetuation of aesthetic, 
soil stabilizing cover. 

ASSOCIATED SPECIES 

Chief associates of this species are the tallgrass prairie dominants listed in the above recommended 
seeding mixture, particularly the first four species; but the species occurs into moist sites in mixed prairie 
and into the woodlands of the central States and western southern States 

PESTS AND DISEASES 

Rabbits, rodents, grasshoppers, and leafhoppers selectively attack legumes and especially 
stands. Leaf spot and downy mildew reported on plants but probably minor in effect. 

IMPROVED VARIETIES 

None. 

REFERENCES 

(1) Harrington, H, D. 1964. Manual 01 the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, lL. 666 pp. 

(2) Graham, E. H. 1941. Legumes for erosIon control and wildlife. U.s. Dept. Agr. Handb. 412.153 pp. 

(3)	 Vogel, W. G. 1981. A gUide for revegetating coal minesoils in the Eastern United States. U.S. Dept. Agr., For. Servo 
Gen. Tech. Rep. NE-68. 190 pp. 

126 



c 

(4) Thornburg. A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134.88 pp. 

(5)	 Wright. H. A.. Dept. Range and Wildlife Manage.. Texas Tech U niv.. Lubbock. Personal communication. June 2. 
1982. 

(6) Garrison, J. Soil Conservation ServIce. Phoenix. AZ. Personal communication. May 12.1982. 
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Figure 37. Illinois bundleflower (Desmanthus illinoensis) Plant x 1 1/2; pods x 3/4. 
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NORTHERN SWEETVETCH 
Hedysarum boreale Nutl. 

ORIGIN 

Native of the intermountain and Northern Great Plains regions. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool season, herbaceous, perennial, leguminous forb. 

Stems single to several from a woody crown, 1 to 2 feet tall Leaves alternate; odd-pinnate, 
with 11 to 31 elliptic leaflets, gland-dotted and highly variable in size, shape, and hairiness; 
broader below and narrower above, with narrow, pointed stipules. Inflorescence an 
elongated, loosely arranged raceme with few to several showy white, pink, or purple 
flowers; having a hairy five-parted calyx and typical pealike banner, wing, and keel petals; 
maturing into a flattened, constricted, and reticulate several-sectioned loment-type pod, 
each section containing one brownish, kidney-shaped seed (1). 

•	 Plants with deep taproots and several laterals, sometimes rhizomatous. Growth resuming in early to 
midspring, varying with environment; flowering in May and June; and maturing in July and August. 
Regrowth only minimal after maturity. Herbage retains considerable succulence summerlong. Good 
palatability to big game and livestock; basal leaves ma.y remain green in winter (2). 

ECOLOGICAL RELATIONSHIPS 

Species grows on soils ranging from clay to sandy texture; more common on well drained sites and loamy 
soils, less common in drainages sUbject to flooding. Grows on somewhat acidic and neutral reacting soils, 
and often occurs naturally in habitats dominated by species indicative of moderate soil salinity and 
alkalinity with some exchangeable sodium Infrequently to commonly present between 10 and 18 inches 
MAP, more vigorous in the 15 inches or more MAP. More commonly found in open communities and 
disturbed sites, suggesting better establishment and/or persistence with reduced competition. Good 
drought resistance and winter hardiness. Species common between 4,000 and 8,000 feet in elevation and 
found at even higher elevations. Fair shade tolerance but not found under dense forest canopies. Only fair 
or weakly moderate grazing tolerance; greatly reduced in abundance on many Utah ranges and probably 

.elsewhere. Good fire tolerance when dormant. Fair compatibility with other species and moderate 
competitiveness for a native, perennial forb but much less aggressive than domesticated grasses and 

. annuals (2,3,4). 

CULTURE 

~nting Depth, Rate, and Time 

Drill seed 1/2 inch deep on loam soils, up to 3/4 inch deep in drier and coa rser soils, and 1/4 inch deep on 
finer textured and moister soils. Rates of 1/2 pound per acre drilled or 1 pound per acre broadcasted 
r,eC?mmended in seeding mixtures for sandy aspects of mountain brushlands in Utah. Planting in early 
~P~lng ?r late fa!1 advocated, late fall planting provides natural stratification. Inoculate seed with specific 
hlzOblum strain for nitrogen-fixation just before planti ng. Plants experi mentally sti mulated in soil infested 

-WIth Glomus fasciculatus, a mycorrhizal symbiont (5). 

~eaning and Quality 

~r~d-st~iP or knock seed in containers, vacuum, use headcutters, or combine-harvest seed: feasibility 
'e 1es with size of stands/projects and available equipment; dry material, clean in air blaster equipped with 

pe:es, and reclean by screening or in fanning mill. Seed quality not standardized: 90 percent purity; 80 
_noucednt germination, counting hard seed; and 72 percent PLS possible with an average of 81 ,000 seed per 
.. _n (3,6). 
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Germination and Seedling Characteristics 

Germination occurs in21 to 28 days and is better after damp prechilling or scarification and with olders 
Often	 major fraction of seed are hard Seedling vigor is good to excellent and stands establish we~ebd. 
second year.	 ,Y 

MANAGEMENT 

Species used as minor ingredient in seeding mixtures for game range restoration in Utah mounta' . 
shrublands. Considered potentially valuable for stabilizing disturbed lands, including oil shale min~~ ~ 
lands, and moderately promising for range revegetation in western Colorado and adjacent intermountain' 
States. Contributes variety to stands and improved nutrition and aesthetics. Planting weaker seedling 
competitors in separate or alternate rows may improve establishment Management chiefly geared to' 
perpetuating dominant species; reducing or withholding stocking during establishment and avoidin 
overuse of key forage species afterward is recommended Periodic suppression of strongly competitiv; 
sprouting brush species by chaining, cabling, or, where feasible and safe, burning, invigorates undercove; 
production and improves nutrition (7). 

ASSOCIATED SPECIES 

Occurs in very diverse, usually open and exposed, habitats with native species mixtures extending from 
black greasewood (Sarcobalus vermiculatus) and shadscale saltbush (Atriplex confertifolia) dominated 
Great Basin areas to big sagebrush and mountain shrublands, juniper-pinyon woodlands, and into open 
stands of aspen, Douglas-fir, and subalpine communities. Species considered a native legume potentially 
useful in rangeland and mineland mixtures containing bluebunch wheatgrass (Agropyron spicatum) and' 
Idaho, rough, hard, and sheep fescue (Festuca idahoensis, F. scabrella, F. ovina duriuscula, and F. avina, 
res pective Iy). 

PESTS AND DISEASES 

Rabbits and other small mammals and occasionally grasshoppers and Mormon-crickets reduce seedlings 
and forage quantities. Minor leaf spots and rusts noted on plants. 

IMPROVED VARIETIES 

None. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

(2) Redente, E. F. 1980. Autecology of Hedysarum borea/e. Ph.D. Diss., Colo. State Univ., Ft. Collins. 73 pp. 

(3) Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Gameand 
Fish Publ. 68-3. Salt Lake City. 183 pp. 

(4) Wright, H. A., Dept. Range and Wildlife, Texas Tech. Unlv., LUbbock. Personal communication. June 2.1982. 

(5) Redente,	 E. F., and F. B. Reeves. 1981 . Interactions between vesicular-arbuscular myccorhiza and Rhizobium and 
their effect on sweet vetch growth. Soil Sci. 132"410-415. 

(6)	 Eddleman, L. E. 1977. Indigenous plants of southeastern Montana. I. Viabi lity and suitability for restoration in the 
Fort Union Basin. Mont. For. Conserv. Exp. Sta. Spec. Pub. 4, Univ. Mont., Missoula. 122 pp. 

(7)	 U.S. Soil Conservation Service. 1977. Long range program. Upper Colorado Environmental P,ant Center. 
Revision 1. Sept. 1980. Meeker, CO. 15 pp. 
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~\.o~re 38. Northern sweetvetch (Hedysarum borea/e) Plant x 1/2; teafle1 pair x 1 1/2; pod (lament) x 2; 
..er l( 4 
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MAXIMILIAN SUNFLOWER 
Hefianthus maximiliani Schrad. 

ORIGIN 

Native to the Great Plains and adjacent areas. See map for distribution in the U.S. 

SPECI ES CHARACTERISTICS 

Warm season, bunching, herbaceous, perennial forb. 

Stems 3 to 6 feet tall, growing singly or often clustered from short rhizomes. Leaves 
commonly arched, the two halves of blades often folded together forming a trough, 
tapering toward both ends, alternate except opposite on unelongated stems, and rough 
hairy with short winged petioles. Flowers in typical sunflower-type heads with bright yellow 
outer ray flowers, often arched over central disk flowers, and both bearing smooth four
angled achenes (1). 

Plants flower July to October and make some regrowth in summer and fall with available soil mOist~re. 
Plants palatable to livestock and deer, and seeds eaten by many birds. Little use made of herbage by,:" 
herbivores after frost (1 ). 

ECOLOGICAL RELATIONSHIPS 

Adapted to deep, sandy loam to clay loam upland soils of subhumid prairies, more common on heaviersoifs 
in over25 inches MAP zones and on lowlands with better moisture conditions in semiarid plains. Toleranfof 
weakly saline and weakly basic to weakly acidic reacting soils. Generally intolerant to extreme wetness im 
subhumid and humid zones but moderately tolerant of imperfect drainage, intermittent flooding, and water 
tables seasonally within few feet of surface in semiarid zones. Only fair drought tolerance, responding t;>y 
reduced height growth and cover but surviving by rhizomes. Thrives in sunlight and only fair shade 
tolerance. Good fire tolerance in the dormant state. Local strains or improved varieties derived from them 
more cold-tolerant; others may be frost sensitive in rapid stem elongating stages. Not common on closeiy 
grazed ranges, indicating susceptibility to close-grazing injury. Established plants aggressive and only'_ 
fairly compatible with other species in mixtures (1,2,3). '. 

CULTURE 

Planting Depth, Rate, and Time 

Generally plant seed at optimal depths for primary species in mixtures. Species emerges best when planted. 
at depths two to four times seed thickness in humid zones or with ample soil moisture under irrigation but 
may be seeded at variable depths up to 1 inch in semiarid regions under nonirrigated conditions. Use~ 
pounds PLS per acre in mixtures and 6 pounds per acre for stabilizing minesoils in Kansas and adjacen~ 
subh umid to humid zones Due to agg ressive spreading, only about 0.1 0 to 0.25 pounds per acre should be 
sown in prairie grass mixtures. One pound PLS per acre recommended for strip or block plantings fot 
wildlife purposes. Optimal time for seeding is November to May in central Great Plains and January t9 
March in Southern Great Plains; the earlier dates may aid in breaking seed dormancy. Plants also can be. 
started by transplanting fleshy roots during early spring or earlier in southern latitudes. Plants spread by 
rhizomes and form large colonies. Softwood cuttings also can be rooted in the greenhouse (4,5). 

Seed Cleaning and Quality 

Seed growing in wild stands may be harvested by gathering heads, drying them, either mechanically flailing 
or hammermilling, and recleaning in a fanning mill. Widely spaced row plantings can be combined dir~ctl~ 
and cleaned in a fanning mill after hammermil!ing when necessary. Seed quality not widely standardized. 
90 percent purity; 60 percent germination; 54 percent PLS; and about 225,000 seed per pound. 
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rrnination and Seedling Characteristics
G~ 
S eds germinate rather quickly in 7 to 14 days, but nearly half may be dormant. Good seedling vigor and 
t
e 

nds develop rather rapidly with some flowering possible by end of first growing season in South: usually 
~~t fully developed until second year. Plants continue to spread. 

MANAGEMENT 

Used with grasses and other species to provide diversity in mixtures and for landscape beautification, 
wildlife food, and both watershed and wildlife cover Limited usealso made for revegetating coal mlnesolis 
in Kansas and perhaps adjacent States. Protect seedling stands from close use and trampling and control 
weeds before they become a problem. Moderate grazing and periodic deferment from grazing during the 
growing season should ensure better thrift and persistence of this species. 

ASSOCIATED SPECIES 

Species naturally grows in mixtures with big bluestem (Andropogon gerardii) , little bluestem (Schlza
chyrium scoparium), switchgrass (Panicum virgatum), and yellow Indiangrass (Sorghastrum nutans) of 
the true prairies and also a variety of species in mixed prairies and adjacent areas. Purple prairieclover 
(Petalostemum purpureum), scurfpeas (Psoralea spp.), gayfeathers (Liatris spp.) and many other forbs 
also are intermixed in such stands (1,3). 

PESTS AND DISEASES 

Nothing serious reported on this species; occasional rusts, leaf spots, and downy mildew noted. 

IMPROVED VARIETIES 

'Prairie Gold', a cultivar with good competitive abi lity and greater cold tolerance, is adapted to the 14 inChes 
and more MAP zones in Nebraska, Kansas, eastern Colorado, northern fourth of Oklahoma, western fourth 
of both Iowa and Missouri, southern fourth of South Dakota, and southeast corner of Wyoming. 'Aztec', 
developed from five county sources in Texas to extend flowering period, is adapted to the southern three
fourths of Oklahoma, all of Texas except the Trans-Pecos, and eastward (6). 

REFERENCES 

(1) Johnson. J. R., and J. T. Nichols 1970 Plants of South Dakota, S. Oak. Agr. Exp. Sta. Bull. 566.163 pp. 

(2) Rechenthin, C. A. 1972. Native flowers of Texas. U.S. Dept. Agr., Soil Conserv. Serv. Pub/. 4-32000. Tem pie, TX n.D 

{3}	 Wright, H. A., Dept. Range and Wildlife Manage., Texas Tech Univ., Lubbock. Personal communication June 2 
1982. 

(4)	 Salac, S. S., P. N. Jensen, J. A. Dickerson, and R. W. Gray, Jr. 1978. Wildflowers for Nebraska landscapes Unlv. 
Neb. Agr. Exp. Sta. Misc. Pub!. 34, Lincoln. 23 pp. 

(5)	 Vogel, W. G. 1981. A guide for revegetating coal minesoils in the Eastern United States. U.S. Dept. Agr., For. Serv 
Gen. Tech. Rep. NE-68. 190 pp. 

(6)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157: 
EPA-600-7-79-134. 88 pp. 
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Figure 39. Maximilian sunflower (Helianthus maximiliani). Plant x 1/2. 

134 



ROUNDHEAD LESPEDEZA 
Lespedeza capitate Michx. 

ORIGIN 

Native of central United States. See map for distribution in the U.S. 

SPECIES CHARACTER ISTICS 

Herbaceous, warm season, perennial legume. 

Stems leafy, stiffly erect, 1 1/2 to 4 feet tall, simple or branched, and often silvery but 
variably hairy. Leaves alternate, borne uniformly on stems, trifoliate (cloverlike), with short
stalked, elliptic leaflets, smooth to silky above and usually silky or velvety beneath. 
Inf!orescence in globular heads composed of numerous flowers clustered like grapes. 
Flowers small, pealike, yellow to white, purplish below, and longer than the oblong one
seeded pods; seeds black (1). 

Strongly and deeply rooted. Polymorphic species; usually erect but prostrate on sand dunes and varying 
from green to silvery and ashy gray pubescent. Grows from early or late spring until frost with available 
moisture, flowering from July until September, and maturing during late summer and fall, varying 
regionally. Palatable to livestock and big game animals prior to frost and also usee' by small mammals and 
birds. Latter consume seeds (1). 

ECOLOGICAL RELA.T!ONSHIPS 

Grows naturailly in diverse habitats: dry woods; prairies; and sand dunes. More common on well-drained, 
lighter-textured sandy and even rocky soils, weakly alkaline to weakly acidic in reaction. Mesophytic in 
apparent moisture relations, thriving in over 20 inches MAP zone but present in moisture-accumulating 
sites in semiarid zones. Weakly moderate drought tolerance compared to xerophytes but strong for a 
subhumid zone specIes. Moderate winter hardiness: native seed suitable for local use, but avoid seed from 
distant sources and habitats differing much from seeding site. Some shade tolerance but great variation 
among various ecotypes to be expected. Moderate to strong tolerance to burning when dormant; "hard" 
seed may be scanfied by heat. Responds as a decreaser to grazing pressure or repeated, close defoliation. 
Good compatibility when well established and also moderately competitive (2,3). 

CULTURE 

Planting Depth. Rate, and Time 

Drill seed 1/4 to 1/2 inch deep in a well prepared seedbed. Plant 20 to 30 PLS per square foot (4 to 6 pounds 
PLS per acre) for a full stand. Decrease rate to the percent composition desired in mixtures: 50 percent or 
less for simple grass-legume mixes, aesthetic landscaping, or for so-called prairie restorations. Usually only 
1 pound PLS per acre recommended forseeding with native grass mixtures (4). Plant scarified or prechilled 
seed in spring and untreated seed in late fall or winter to stimulate germination by providing long 
prechilling treatment. Ten weeks damp-prechil!ing ("stratification") resulted in four times as much 
emergence as dry-prechiliing in Wisconsin prairie restoration efforts (3). Possible to plant in late summer If 
long growing season and enough moisture to ensure adequate seedling development before killing frosts 
(4). 

~d Cleaning and Quality 

~mall native stands can be harvested for seed by hand-stripping, processing in hammermill, and recleaning 
.~fanningmill. Field plantings can be combined, processed in hammermill, and cleaned in a fanning mill. 

eed quality !lot standardized: 92 percent purity; 60 percent germination (Including hard seed). about 2 
~ercent emergence obtained from damp-prechilled seed in WisconSin, and only about 0.5 percent from 

ry-prechilled seed; 174,000 seed per pound (2,4). 
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Germination and Seedling Characteristics 

Seeds begin to germinate in 7 days and reach peak germination in 14 to 22 days. Germination is enha 
by scarification (5). Seedling vigor is good for a perennial forb. Two years usually necessary for stan~ced 
develop and reproduce (3). Some plants may flower first season with favorable growing conditions (5t~;. 

MANAGEMENT 

Species .recommended. .and/or used in pla.ntings. on roadsides and .park. and recreation areas for 
stabIlization and beautification, also In wildlife habitat areas, and used In mIxtures that simulate nativ 
prairie. Seed also may be included in warm season grass mixtures for species and dietary diversity. It can h: 
transplanted as year-old nursery-grown plants or interseeded into disturbed prairielike vegetation in 
restoration projects ..Protect seedin~s and rest?ration plantings f~om close grazing during establishment' 
and control competitIve weeds. GrazIng ormowlng and leavIng a high stubble about 1 month before regular 
flowering promotes lateral bud development and greater floral display if moisture will sustain later growth . 
as in humid zones. Delaying further defoliation until after seed maturity restores plant energy for greate 
production and persistence while allowing reproduction. Inoculate seed just before planting wher~ . 
lespedeza has not grown previously. Correct acidity and phospate deficiency before planting. Except fo' 
conservative defoliation, little maintenance should be necessary when grown with native warm season 
species. 

ASSOCIATED SPECIES 

Species occurs in native plant mixtures with tallgrass prairie dominants including big and little bluestem 
(Andropogon gerardii; Schizachyrium scoparium), yellow Indiangrass (Sorghasrrum nutans), switch
grass (Panicum virgatum), and many forbs and shrubs; in sand prairies with prairie sand reed (Calamovilfa 
longifoJial and sand bluestem (Andropogon hat/ii); and in oak woodlands with a diverse mixture of other 
forbs, grasses, shrubs, and trees. Species seeded alone or more commonly in warm season grass mixtures 
often including the above prairie dominants 

PESTS AND DISEASES 

Grasshoppers, leaf-sucking insects, and rodents menace new seedings and 
serious diseases noted on this species. 

IMPROVED VARIETIES 

None. 

REFERENCES 

(1)	 Gleason, H. A., and A. Cronquist. 1963. Manual of vascular plants of Northeastern United Stales and adjacent 
Canada. D. Van Nostrand Co., Princeton, NJ. 810 pp. 

(2)	 Salac, S. S., P. N. Jensen, J. A. Dickerson, and R. W. Gray, Jr. 1978. Wildflowers for Nebraska landscapes. 
Univ. Neb. Agr. Exp. Sta. Misc. Pub!. 35, Lincoln. 23 pp. 

(3)	 Glenn-Levin, D. C., and R. Q. Landers, eds. 1978. Fifth Midwest Prairie Conference Proceedings. Iowa StateUniv; 
Conferences. Ames. 230 pp. 

(4)	 Dayton, R. S., Manager, Manhattan, Kansas SCS Plant Materials Center. Personal communcalion. January 25 . 
1982. 

(5)	 Garrison, J., Plant materials specialist, Soil Conservation Service, Phoenix, Arizona. Personal communicalio)" 
May 7,1982. 
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LEWIS FLAX 
Unum lewisii Pursh 

(::: Unum perenne L. (1)] 

ORIGIN 

Native and widely distributed In western prairies, plains, and mountains of U.S.; also occurring in Eurasia. 
See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool season, herbaceous, nonleguminous, short-lived perennial forb. 

Stems slender, erect or drooping, up t03 feet tall, often branching at base from a thickened,
 
woody, branched root crown. Plants with a woody perennial taproot. Leaves alternate on
 
stems, smooth, linear, pointed, sessile, green or glaucous. Flowers stalked, several in a
 
loose racemose or flat-topped panicle, each with five overlapping sepals and five blue i/2 to
 
1 inch long petals and bearing a round capsule containing up to 10 seeds (1).
 

Growth resumes in spring, flowering occurs between May and September, and maturity about 1 month t06
 
weeks later. Showy flowers open at sunrise on clear warm days, and the petals fal! by nOOn. Vegetative'
 
growth continues until frost with adequate moisture. Fair palatability to livestock when green; good
 
palatability to big game. Edible forage not retained into late fall or winter. Birds consume seeds in fall and
 
winter (1).
 

ECOLOGICAL RELATIONSHIPS
 

Thrives on well drained, porous soils of benches, slopes, and ridges from prairie to alpine elevations
 
throughout western North America. Intolerant of poor drainage, flooding, and high water tables. Growson<
 
moderately basic to weakly acidic reacting and somewhat salty soils. Plants more abu ndant and vigorous ilf
 
the 16 to 20 inches MAP zones but commonly occur in 10 to 15 inches zone and sometimes sparsely into'-..~;jI·";"";';
 
semidesert zones. Only fair tolerance of shading but occurring in southwestern and California pine:
 
woodlands Somewhat vutne rable to wildfires but usually surviving by seed. Good winter hardiness of local
 
plant materials but great variation in regional sources and strains requiring use of adapted materials.
 
Moderately tolerant of graZing but damaged by close, continuous defoliation. Compatible with moderately
 
vigorous growing herbs (2,3).
 

CULTURE
 

Planting Depth, Rate, and Time
 

Plant seed 1/4 to 3/4 inch deep or broadcast and cover with soil to similar depth. Adapt seeding rate to
 
desired composition in seeding mixture, usually no more than 5 to 10 percent of a full stand seeding rate·oOf.'
 
20 to 30 PLS per square foot (about 3 to 4 pounds PLS per acre) for semiarid zones. Increase rates 50 to 10. .
 
percent for humid zones, broadcasting, and for harsh sites, especially those on erosive soils, steep slopes,
 
and south and west exposures. Plant at time optimal for primary species in seeding mixtures, preferablY
 
before the most humid grOWing season. Plant the species alone either late fall of seed-harvest year, th,~
 
following spring, or the second fall; tests indicate latter date results in greater emergence (4).
 

Seed Cleaning and Quality
 

Harvest seed from small stands by hand-stripping. drying and fanning, or by processing stri~pings i~t~
 
head thresher equipped with spiked cylinder and concave and/or by mechanical flail eqUiPped .WI I
 
screens; reclean in fanning mill. Lewis flax can be grown in cultivated rows and harvested by dlr~q
 
combining or swathing first like the seed flax crop. Seed quality not standardized: about 95 percent purt~
 
about 75 percent germination; 71 percent PLS; and 285,000 seed per pound.
 



Germination and Seedling Character!stics-

-


Seeds germinate in 10 to 15 days indoors at 60-70° F and in 15 to 30 days in the tiel d with variable moisture 
and temperature. Seedling vigor good for a wild perennial herb but only fair compared to domesticated 
vigoroUS grasses. Might begin to head out by third year or, under more favorable conditions, by the end of 
the second. 

MANAGEMENT 

Considered to have low potentia) for revegetation of subalpine lands and for wildlife habitat improvement in 
western Colorado: one of few foros adapted to saltdesert. Flax may be seeded alone or included in minor 
amounts in seeding mixtures designed to restore native vegetation on disturbed sites; also can be included 
in seeding mixtures for aesthetics and diversity. Protection from grazing and control of undesirable 
competitors may be needed during seedling establishment Perpetuation of composition dependent on 
careful management by periodically deferring grazing or mowing until after seed maturity. Species not very 
fertility demanding but nitrogen may stimulate seed production as in flax crop production. 

ASSOCIATED SPECIES 

Species commonly associated with grasses and forbs ina great variety of grassland types from prai rie and 
plains to open pine. subalpine. and alpine elevations Seedings can be mixed with grasses of only moderate 
competitiveness or separate the less competitive element from stronger components in alternate row 
plantings. 

PESTS AND DISEASES 

None reported to be serious. Rusts, root rots, and leaf spots observed on plants. 

IMPROVED VARiETIES 

'~', dark blue petaled plants, bloom for about 6 weeks. Originally selected in South Dakota; 
recommended for use iT) the intermountain region with 10 or more inches MAP. 

REFERENCES 

(1)	 Hitchcock, C. L., A. CroT)quist. M Ownbey, and J. W. Thompson. 1961. Vascular plants of the Pacific 
Northwest. Part 3: Saxifragaceae to Encaceae. Unlv. of Washington Press. Seattle. 614 pp. 

(2) U.S. Forest Service. 1937. Range plant handbook. U.S. Dept. Agr., U.S. Gov!. Print. Office, Washington, DC n.p. 

(3)	 Plummer. A. P., D. R Christensen. aT)d S. B. Monsen 1968. Restoring big game range in Utah. Utah Div. Fish a,"ld 
Game Pub/. 68-3. Salt Lake City. 183 pp. 

(4)	 Eddleman, L. E 1977. IndigeT)ous plants of southeastern Montana. I. ViabilitY and suitability for reclamation In the 
Fort Union BaSin. Mont. '::0'. Conserv. Exp Sta. Special Pub/. 4. Missoula. 122 PP. 

(5)	 Hassell. W. G. 1982. Shrubs and forbs for revegetation. U.S. Dept. Agr., Soil Cons. Serv., manuscript. Denver, CO. 
9 pp. 



Figure 41. Lewis flax (Unum lewisii). Plant x 1/2; flower x 3/4: fruit (capsuie) x 1 1/2. 
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ALFALFA 
Medicago sativa L. 

ORIGIN 

IndigenOUs to southwest Asia. Grown in all 50 States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool and also warm season, herbaceous, perennial, leguminous forb. 

Numerous erect stems, usually 2 to 3 feet tall from narrowly to relatively broadly-based 
woody root crowns. Leaves alternate, pinnately trifoliate; leaflets denticulate and hairy. 
Inflorescences loosely arranged racemes with several small purple, white, or sometimes 
yellowish or bronze colored pealike flowers bearing small kidney-shaped seeds in spirally 
twisted pods upon maturing (1). 

Stout, deep, tap rooted plants bearing nodules that fix nitrogen when inoculated. Taproots may be 10 to 30 
feet in length. Plants resume growth in early spring, later at higher altitudes and latitudes, flower in early to 
late summer, and make excellent regrowth after flowering or cutting, usually sufficient to produce 
multicrops of hay or pasturage. Peer forage plant nearly worldwide for production, nutrition, and good 

. acceptance by most herbivores. Dense cover resists erosion, provides food and cover for birds and small 
mammals, and attracts big game. Green herbage induces bloat in ruminants correctable by diligent 
management and bloat-suppressing supplements (1,2). 

ECOLOGICAL RELATIONSHIPS 

Thrives on fertile, deep, loamy soils having porous subsoils. Tolerant of deep sand and sandy soils with 
adequate moisture and well adapted to deep soils with water tables within 5 to 9 feet of surface. Better 
adapted to basic reacting soils with liberal calcium content; not performing well on aCid soils unless 
neutralized by liming. Lower pH tolerance of 5.5. Tolerant of moderately saline soils. Moderately good 
drought tolerance of established plants, more susceptible at seedling stage of development. Generally 
useful in the 15 to over 20 inches MAP zones but survives in the 12 to 15 inches zone in cooler or moisture
accumulating habitats. Considerable variation in winter-hardiness. Usually good hardiness among 
improved varieties of variegated alfalfa;be certain of the hardiness of "common" strains/sources before 
using. Alfatfagrown from below sea level in I mperial Valley, California t08,000 feet in elevation in Colorado. 
'Only fair shade tolerance. Fire-resistant when green and good fire tolerance when dormant. Moderate 
'graZing tolerance; intolerant of continuous grazing during growing season. Established plants moderately 
~o strongly competitive; compatible with strongly competitive grasses like smooth bromegrass (Bromus 
loarmis) and Russian wildrye (Efymus junceus) (1,3,4). 

CULTURE 

-..!}ting Depth, Rate, and Time 
;.t. 

~iUseed 1/2 inch deep in loamy soils of firm, moist seedbeds; up to 1 inch deep on drier, sandy, or loose 
eed?eds; and only 1/4 inch deep or seeded on suriace with press-wheel drill or in a cultipacker drill in finer 
xt~~ed and moister soils. Seed at greater depth in fall: seed at shallower depths in spring, unless dry or 
n y. Seed 5 to 10 pounds PLS per acre; lower rate when drilling and in lower precipitation zones; and
hg ~rrate When broadcasting and forseeding harsh, erosive, and south and west-facing sites. Use 12 to 18 

IIlseP~~nds ~er acre for eastern and midwestern, humid zone minesoils. Use conservative fractional rates 
i,;.lng mixtures to keep composition in stands well below 50 percent in rangeland and grazed areas to 
eql./~e bloat and prevent grass suppression. Plant before the growing season consistently haVing 

Great'~rSUrfacemoisture conditions for germination and seedli ng establishment; early spring in northern 
Pa ~.ns, August to October in central and southern Great Plains and lowerelevations of intermountain 

1l10iJ~ta~1 Ie Northwest regions, and late fall or as early as possible to seed in spring or summer in higher 
1ii1~nst under dryJand conditions. Seed in spring or late summer to fall under irrigation but in time for 

~uat:wo makeenough growth to overwinter safely. Do not seed alfalfa with companion crops unless 
. ater eXists for both crops. If seeded together, seed in alternate rows or at an angle to each other 
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to ml~lmlze competition. Seeding in dead cr?p stubble or providing suppleme,ntal mulch aids sta 
establishment on harsh, windy, and erosIve sites. Seed requires Inoculation to Induce nitrogen fix. nd. 
nodulation except when alfalfa has been grown previously on site (1,3). In9 

Seed Cleaning and Quality 

Combine seed crop standing in field or windrow, dry several days, and thresh with a pickup combine. M 
shock windrowed hay and haul to thresher when cannot thresh immediately in windrow. Clover hUller war 
adapted for threshing alfalfa seed. Seed can be cleaned in a fanning mill but usually must be run throu e~ . 
twice. Seed quality: 99 percent purity; 90 percent germination; 89 percent PLS; and 220,000 seed per poun9d 
Seek seed with 10 percent or less hard seed. . 

Germination and Seedling Characteristics 

Seeds germinate rapidly in 7 to 10 days, except for considerable hard seed with delayed germination 
Seedling vigor is good to excellent compared to grasses and most small-seeded forage legumes. Stand~. 
establish moderately rapidly, usually by second growing season and sometimes by end of first season by' 
using preemergence herbicides (1,3). .. 

MANAGEMENT 

Traditional main uses: forage either for hay or pasture; less commonly used for erosion contrOl, minesoil 
stabilization, and wildlife cover. Species provides excellent pasturage mixed with orchardgrass (Dactylis' 
glomerata), smooth bromegrass (Bromus inermis), or tall fescue (Festuca arundinacea); also used with 
crested wheatgrass (Agropyron cristatum), intermediate wheatgrass (A. intermedium), and pubescent 
wheatgrass (A. trichophorum), and other forbs and shrubs for big game restoration and rangeland 
improvement in foothill to mountain elevations of West. New seedings require weed control and protection' 
from grazing. Optimal quality/quantity of forage obtained by harvesting in 1/10 bloom stage. by grazing 
conservatively in a rotation plan; plants should not be defoliated during the 30 days preceding first killing'· 
frost. Use a fertilizer program geared to soil tests and harvested offtake. Control insects when moderately 
abundant in both seedling and mature stands (1,3,5). 

ASSOCIATED SPECIES 

Commonly seeded with cool season grasses fortame pastures or hayand asa minor nitrogen-fixing, higher 
protein ingredient in rangeland seedings. Less commonly mixed with taller warm season grasses, but 
should be. Better stand establishment and persistance results from planting alfalfa and grasses in alternate 
rows, especially in drier areas. '. 

PESTS AND DISEASES 

Stands and forage quality and quantity greatly damaged by grasshopper infestations. Pocket gophersar~' 

particularly troublesome and are controlled by dispensing poison with a burrow-builder. Alfalfa weE1\Q{ 
larvae consume forage, weaken vigor, and thin stands throughout U.S. Only semiresistant varieties exist 
Aphids weaken plant vigor and may secrete a mold-attracting honeydew, lowering hay qualH)I. 
Aphid-resistant varieties now exist. Lygus bugs and alfalfa seed chalcids affect seed production but are 
controllable by insecticides. Leaf spot, root rot, and stem nematodes occur. Nematode-resistant varieties 
exist (1 ,3). 

IMPROVED VARIETIES 

U.S. alfalfa cultivars were developed from three species: bluish-purple Medicago sativa, which includes. 
Turkestan, Flemish, and so-called common alfalfas that vary greatly in winterhardiness; yellow-flowered M~ 
falcata, a native of Siberia, with good winter hardiness, spreading growth habit, and deeper-set crowns, a~. 
M. sativa media, probably a natural cross of the previous two species, which exhibits great variati,on In 
flower color, good winter hardiness, and is more commonly used in colder northern and mounta lnoUiS 

regions. Two spreading or so-called pasture types of alfalfas also exist: rhizomatous, growing short 
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semihorizontal rhizomes from crown buds; and creeping-root. which develops adventitious stem shoots 
from enlarged sections of lateral roots (1). There were more than 80 cultivars on a National list in 1977. 
consult with agricultural specialists about superior varieties for specific areas, sites, and purposes. 

REFERENCES 

(1)	 Hanson, C. H., and D. K. Barnes. 1973. Alfalfa. Pages 136-147 !.!lM. E. Heath. D. S. Metcalfe. and R. F. Barnes, eds. 
Forages. Iowa State Univ. Press, Ames, 755 pp. 

(2)	 Shaw, A. F., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation, and wildlite handbook. 
Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(3)	 Ditterline, R. L., C. S. Cooper, L. E. WIesner, J. R. Simis, and V R, Stewart. 1976. Growing altalfa in Montana, 
Mont. Agr. Exp. Sta. Bull. 684 29 pp. 

(4)	 Vogel. W, G. 1981. A gUidetor revegetating coal mine-SOils in the Eastern United States. U.S. Dept. Agr., For. Servo 
Gen. Tech. Rep NE-68. 190 pp. 

(5)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and sem:arld reg!o"1s, SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 
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Figure 42. Alfalfa (Medicago sativa). Plant x 1; flower x 2. 
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Figure 42. Alfalfa (Medicago sativa). Plant x 1; flower x 2. 
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YELLOW SWEETCLOVER 
Meli/otus officina/is (L.) La m. 

Introduced from Eurasia and either used or escaped in all States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Biennial, cool season, leguminous forb. 

First season growth vegetative forming one leafy, branched central stem, fleshy roots, and 
buds on slightly sunken crowns; second year forming well branched stems 2 to 6 feet tall, 
flowering, fruiting, and then dying. Leaves trifoliate, dentate-margined, with small narrow 
stipules. Inflorescence of numerous elongated, loose racemes with small pealike yellow 
flowers bearing small one-seeded pods which shatter early (1). 

Self-seeding in favorable years and dormant seed in soil germinatIng in subsequent favorable years. 
'Strongly taprooted and containing nitrogen-fixing nodules. Growth resumes in early spring or later in 
colder areas, flowers in late spring or early summer, and makes fairly good regrowth before flowering but 
"none after maturing. Palatable to livestock and big game in vegetative stages and well used by small 
;mammalsand birds. Contains cumarin, giving cut plant~ distinctive aroma, and causing bleeding disease of 

> 'nvestock: also contains bloating ingredients (1,2). 

ECOLOGICAL RELATIONSHIPS 

olerant of all soil textures and to soils varying from strongly alkaline to weakly acidic with lower pH limit of 
5;5. Especially lush growing on blackfand soils derived from limestone in the Texas to Alabama region. 
'ljlrives in the over 15 inches MAP zones but Vigorous in favorable sites with 12 inches or sometimes less. 

.'Vigorous invader and naturalizing on roadcuts and in borrow pits. Only weakly shade-tolerant. Sensitive to 
;grazing during the first growing season. Sensitive to phenoxy herbicides. Cold-tolerant and good drought 
:tolerance. Some fire tolerance when dormant. Strong competitor as seedlings or mature plants; not very 
tompatible with any species except those with strong seedling vigor. Compatible when planted in alternate 
%ws with less competitive species. Tolerant of some flooding and seasonally shallow water tables 
l!2,3,4 ,5). 

CY.LTURE 

Planting Depth, Rate, and Time 

~ulture similar to alfalfa. Use scarified seed. Inoculate seed to induce nitrogen-fixation. Drill seed 1/2 to 1 
lOch deep. Good emergence from 2 inch depths on lighter and drier soils Plant20 t030 PLS per square foot 

05 pounds PLS per acre) for full stands in semiarid zones; increase rate in subhumid zones, for hay, and 
leharsh sites; use only 1/2 to 2 pounds PLS per acre in rangeland seedings to keep proportion of clover 
• 'Nays at less than 50 percent of stands in order to min imize bloat hazard. Sow in late wi nter to early spring 

~armer to cooler plains and foothill areas for maximum first season pasture; otherwise, before the 
olstest growing season (1,2). 

~ Cleaning and Quality 

. Dine standing crop following use of desiccants or windrow crop with damp atmosphere when pods 
~0'l:!~ or. black. Use pickup combine after 4 or 5 drying days. Seed quality: 95 percent purity; 90 percent 

:rmlnatlon; 85 percent PLS; and 262,000 seed per pound (3). 

~tion and Seedling Characteristics 

~t_seed~ germinate rapidly within 7 days. but the "hard" seed~ are delayed unless .scarified. Stro~g 
~'''' Img VIgor; usually makes a good cover first season With considerable grazing possible In areas With 
- ~-er grOwing seasons. 
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~,,1ANAGEMENT 

Peer plant for soil improvement purposes. Widely used for temporary pasture, hay and silage crops; and 
qUick. cover on disturbed lands: requires liming of acid soils for good performance. Plants are valuable 
wild lITe food for mammals and birds. Weed control not commonly used, but may be grown with a grai n 
companion crop to suppress weeds in seedling stands when grain harvested early. Graze conservativel 
first season before August 15 in northern Great Plains-Corn Belt regions or September in southern regiOn~ 
to allow carbohydrate root storage. Second year sweetclover should be grazed when 8 to 10 inches tall and 
rather heavily during stem elongation period to keep it from becoming stemmy and unpalatable. Graze 
perennial grass-sweetclover mixtures conservatively to permit some self-seedi ng of clover for futu re years. 

ASSOCIATED SPECIES 

Commonly sown in mixtures with companion grain crops in humid regions, with high-yielding tame 
pasture grasses such as smooth bromegrass (Bromus inermis), or seeded at low rates in range restoration 
and soil stabilization seedings for added benefits of soil nitrogen and dietary protein. 

PeSTS AhJD DISEASES 

Sweetclover weevil, sweetclover root borers, sweetclover aphids, and grasshoppers are major pests. First 
and last destroy stands, former in Corn Bett, latter in rangeland areas. Others (leafhoppers, cutworms, 
caterpillars, green cloverworms, webworms, and clover leaf weevil) usually minor. Some root rot, black 
stem, and stem canker to be expected in humid areas, such as Corn Belt. 

IMPROVED VARIETIES 

'Madrid', from Spain, has good seedling vigor, resistance to fall freezing, and excellent seed production; 
'Goldtop', developed in Wisconsin, has excellent seedling vigor, is 2 weeks later in maturing, higher 
yielding, and has better quality forage; 'Yukon', a Canadian release, was selected from Madrid and is equal 
or higher yielding of both forage and seed (2). 

White sweetclover 
Meli/otus alba Desr, 

".'lastly biennial but some annual forms grown. Biennial similar to M, officina/is but coarser stemmed, of 
poorer forage quality, later maturing, usually taller, and more productive. Thrives in moister areas and sites 
than yellow sweetclover. Strong invader and volunteering in loose and sandy soils. Somewhat weedy in 
croplands, but regarded as valuable soil stabilizing and wildlife cover and an important wildlife food plant 
or. strip mine areas in the Central States (6). 

REFERENCES 

(1)	 Shaw. A. F., and C. S. Cooper, co-chairmen. 1973. The Interagency forage, conservation, and wildlife handbook, 
Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

(2)	 Gorz, J., and W. K. Smith. 1973. Sweetclover. Pages 159-166 !!l M. E. Heath, D. S. Metcalfe, and R. F. Barnes. 
Forages. (Third Ed.). Iowa State Unlv. Press, Ames. 755 pp. 

(3) Harenrichter,	 A. L., J. L. Schwendlman, H. L. Harris, R. L. MacLauchlan, and H. W. Miller. 1958. Grasses and 
legumes for soil conservation in the Pacific Northwest and Great Basin States. U.S. Dept. Agr .. Agr. Handb.339. 
69 pp. 

(4) Vallentlne, J. F. 1971. Range development and improvements. Brigham Young Univ. Press, Provo, UT. 734 pp. 

(5)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134 88 pp. 

(6)	 Graham. E. H. 1942. Leoumes for erosion control and wildlife. U.S. Dept. Agr. Misc. Pub\. 412. U.S. Gov\' Print. 
Office, Washington. ~DC. 153 pp. 
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Figure 43. Yellow sweetclover (Melilotus officina/is). Plant x 1. 
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COMMON SAINFOIN 
Onobrychis viciaefo/fa Scop. 

ORIGIN
 

Introduced from Eurasia, chiefly from Russia and Turkey. See map for distribution in the U.S.
 

SPECIES CHARACTERISTICS
 

Cool season, short-lived, perennial, non bloating, leguminous forb. 

Stems semierect from a branched root crown, mostly 1 to 3 feet tall. Leaves pinnately 
compound with 11 to 27 elliptic to lance-shaped leaflets and reddish-brown lance-shaped 
stipule. Numerous showy pink to purple peaiike flowers borne in racemes. Olive to brown or 
black colored, kidney-shaped seeds borne singly in lens-shaped pods with reticulate (net 
veined) surfaces (1). 

Root system a deep, main, tapiOot with several large and many fine laterals. Growth resumes earlier than 
alfalfa (Medicago sativa) in spring, continues to reg row throughout summer with moisture but more sloWly 
than alfalfa. Makes more than one cutting for hay under irrigation but only one cutting and fair regrowth 
quantity under dryland conditions. Sainfoin is as palatable and nutritious to livestock as alfalfa; preferred 
by deer, elk, and sage grouse (2). 

ECOLOGICAL RELATIONSHIPS 

Species thrives on deep, fertile, sandy to silty textured soils that are well drained. Also good performance 
on calcareous soils; tolerant of moderately saline and weakly acidic soils. Short-lived in wet soils; not very 
productive on shallow soils. Better performance in 16 t020 inches MAP zones but grows moderately well in 
the over 13 inches zone. Best performance with adequate irrigation; probably advantageously used incool 
season grass mixtures where irrigation water is limited. Tolerant of strong salinity in irrigation water. Some 
tolerance of manganese concentrations toxic to crops. More winter hardiness than alfalfa; grown in 
Canada and in mountain valleys of West Moderate drought resistance, less than alfalfa. Weak shade 
tolerance. Weakly moderate grazing tolerance; less tolerance and longevity than alfalfa. Moderatelystrong . 
competitor for a legume; good compatibility with bunchg rasses but not with vigorous rhizomatous species 
(1,2,3,4,5). 

CULTURE 

Planting Depth, Rate, and Time 

Drill pods or shelled seeds 1/2 to 1 inch deep. Broadcasted seed need soil covering of similar depth. Orill26 
pounds PLS per acre for pure stands on dryland or 34 pounds PLS per acre under irrigated conditions. Use 
16 to 22 pounds PLS per acre for dryland and 23 t034 pounds PLS per acre with irrigation when grown with 
grass in alternate 24 or 28 to 12-inch row spacings, respectively. Plant before the growing season with most 
favorable conditions for rapid germination and seedling establishment in dryland areas, usually ea~ly 
spring, and. where feasible, on fallowed land. Late spring or early summer seeding satisfactory wIth 
irrigation. Inoculate seed with specific inoculum just before planting to induce better nodulation and 
nitrogen-fixation (1,2,3,4). 

Seed Cleaning and Quality 

Seed ripens over several weeks due to indeterminate growth. Swath seed crop at about 40 percent moistur~ 
content or before lower seed POds turn brown; dry in windrow before threshing. Easy to separate weed s~e8 

t1on,6but not grain seed from sainfoin in fanning mill. Seed quality: 90 percent purity; 75 percent germma
percent PLS; and 18,000 seed (in pods) per pound, or 26,000 shelled seed per pound (1,2). 

Germination and Seedling Characteristlc~_ 

Seeds germinate quickly in 8 days at 68° F under ideal conditions. Good germination between 60 and 73°F. 

148 

-



Germination delayed an extra week in highly saline soils but not reduced. Good seedling vigor; often some 
plants head and fair crop made by end of first growing season under favorable conditions (1 ,2). 

MANAGEMENT 

~species seeded for dryland or irrigated hay or pasture, especially in the northern intermountain and 
western Northern Great Plains. Seedling stands require weed control and grazing protection until well 
rooted. Optimal management when only one crop (hay/pasture) taken and regrowth stockpiled (left 
unused) for nutritious, leafy, fall pasture. Can rotate grazing during summer, allowing 12 to 15 inches 
growth before grazing and 4 to 6 inches stubble after each use. Better seeded with cool season grasses and 
birdsfoot trefoil (Lotus cornicuJatus) for irrigated haying and stockpiling forage system so birdsfoot trefoil 
persists after sainfoin dies out in about 5 years. Use NP-starter fertilizers because inoculum only partially 
effective; fertilize according to soil test afterward. Species has good soil improvement, wildlife food and 
cover, and aesthetic qualities. Not well suited for extensive disturbed land stabilization purposes due to 
higher palatability and earlier growth than most associates, resulting in intensive selective overuse by 
iivestock and big game (1,2,3). 

ASSOCIATED SPECIES 

Either seeded alone, in grass mixtures, or in alternate row seedings with cool season bunchgrasses. 
Ul)ually better stand establishment and longevity when grass and sainfoin seeded in alternate rows. When 

sed with birdsfoot trefoil grass mixtures, seed sainfoin with grass and isolate trefoil in alternate rows due 
:to its weaker vigor. Variety of cool season bunchgrasses compatible; few start growth synchronously. 

Minor insect damage from rhizobium-nodule-eating weevil (Sitona scissifrons), Iygus bug, and sainfoin 
~ ruchid. A crown and root rot pathogenic complex limits production and causes rapid stand thinning. 

ssociated with pods wounding seedling and crown tears. Disease more prevalent with irrigated stands. 

'Eski', developed from a Tu rkish introduction by Montana Ag ricultural Experiment Station, is recom mend-
in Montana for dryland pasture in areas with at least 13 MAP or on irrigated land with limited water. 

~mont', also a Montana release, is recommended for irrigated pasture and where more than one hay 
. utting is possible. It has superior regrowth. 'Meirose' is adapted in Canada and recom mend ed for pasture, 

,and seed in western Canada. 

1976. Sainfoin Symposium. Montana Agr. Exp. Sta. Bull. 627. 109 pp. 

'. ~haw, A. F., and C. S. Cooper, co-chairmen. 1973. The interagency forage, conservation, and wildlife handbook. 
Mont. State Univ. Ext. Serv., Bozeman. 205 pp. 

. itterline, R. L., and C. S. Cooper. 1975. Fifteen years with sainfoin. Mont. Agr. Exp. Sta. Bull. 681. 21 pp. 

ubbs, A. 1975. Performance of grasses, legumes, and mixtures on dry/and in central Montana. Mont. Agr. Exp. 
0' Sta. Bull. 683. 17 pp. 

ornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid rgions. SCS-TP-157; 
. EPA-800-7-79-134. 88 pp. 
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Figure 44. Common sainfoin (Onobrychis viciaefolia). Plant x 3/4; flower, pod x 4. (Flower and pod after 
C. L. Hitchcock el al. 1961). 
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ROCKY MOUNTAIN PENSTEMON 
Penstemon strictus Benth. 

ORIGIN 

Native to northeastern Arizona and New Mexico northward to southern Wyoming. See map for distribution 
in the U.S. 

SPECIES CHARACTERISTICS 

. Herbaceous, long-lived, cool season, perennial, flowering forb. 

Stems severa!, smooth, sometimes glaucous, and strictly erect, 1 to 2.5 feet taiL Basal leaves 
form rosette-like tufts, often purplish in fall. Leaves opposite, petioled, reverse lance
shaped below and lance-shaped and clasping above, often curfing or reflexed. In
florescence a one-sided raceme of numerous ascending flowers, leafy bracted at base with 
two-lipped, snapdragon-like corollas, deep blue or purple at throat and lighter blue in tube 
(1 ). 

,Great variability in plant size and characteristics. Few large and many fine, fibrous. somewhat shallow 
roots. Decumbent stems layer: grow roots when in contact with moist soil. Growth commences in early 

:'spring, flowers from late May through June, and matures in July at foothill elevations or later at higher 
'"elevations. Palatability poor for cattle and sometimes fair for sheep until maturity; only occasional use 
made by big game and small mammals (2). 

'~ECOLOGICAL RELATIONSHIPS 

Thrives in rocky and sandy loam soils, usually in open shrublands, woodlands. and forests. often on rather 
·.thin-soil sites. Range of occurrence includes weakly acidic and alkaline soils. Common and more 
frequently blooming vigorously in 15 to 20 inches MAP zones. Weakly moderate drought tolerance, vigor 
and size dependent chiefly on moisture, considerable regional variation am ong strai ns and ecotypes. Local 
~trains winter hardy; avoid seed sources from habitats differing greatly from site being seeded. Occurs 
'between 6,000 and 11,000 feet in elevation. Common in semishaded sites; more common in open and 
.' xposed sites. Fire sensitive when actively growing; tolerant in dormant state. Moderately compatible with 
other species and moderately competitive when fully established (2,3). 

CULTURE 

lanting Depth, Rate, and Time 

rill seed 1/4 inch deep on well prepared seedbeds or broadcast and cover with soil to similar depth. May be 
"c~vered by cultipacking to press seed into soil. Drill 5 pounds PLS per acre for full stands; reduce rate to 
esired or original percent composition on suitable sites. Seed before the moistest growing season: usually 

1lS.early as possible in spring; just before or early during summer rainy season in Southwestern mountains; 
or, in late fall to provide prechilling for stimulating germination of small percentage of dormant seeds. With 
vrigation, seed any time between April or May until late summer, but early enough to permit adequate 
}.O~th and rooting before killing frosts. Supplemental mulch mayaid establishment in very dry, loose, and 
~rosrve seedbeds if free of grain/weed seeds, not too dense, and not mold-inducing. 

ae rvest n~tive seed crop by hand-stripping; dry, chop or mechanically flail, and clean in a fanning mill. 
Abed quality not standardized: acceptable purity 90 percent; germination 65 percent; PLS 58 percent. 
. out 7 to 8 percent of seeds dormant when tested with tetrazolium chloride (4). 

~nation and Seedling Characteristics 

n~~?le seeds germ inate in about 2 weeks with favorable tem peratures and moisture. Seedl ing vigor good for 
. Ive perennial forbs but only fair compared to vigorous grasses. Good vegetative growth made by second 
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season and flowering in third season under irrigation or best dryland growing conditions. Some flowe . 
possible in second year with longer growing seasons, good moisture, and fertility. ring 

MANAGEMENT 

Fibrous root system and layering indicate potential usefulness in soil stabilization. Long-blOoming
attractive flowers and semievergreen, colorful leaves suggest potential value for roadside beautificatio , 
(2). Plants also have incidental forage values for wildlife and livestock. Species occasionally added / 
seeding mixtures designed to simulate original vegetation and for variety in game range restoratio~ 
mixtures. Prior suppression of overstory vegetation may be necessary to aid establishment and periOdically 
afterward to perpetuate seeded stands Seeding weaker components of mixtures separately and/or in 
alternating rows with stronger competitors benefits establishment and persistence. Reclamation and 
improvement projects demand good range and wildlife management for sustained benefits (5). 

ASSOCIATED SPECIES 

Species naturally occurs in shrubfands, woodlands, open forests, and parks with big sagebrush (Artemisia 
tridenfala), antelope bitterbrush (Purshia tridentala), Utah and oneseed juniper (Juniperus osteosperma; 
J. monosperma), pinyon (Pinus edulis), true mountain-mahogany (Cercocarpus montanus), Saskatoon 
and Utah serviceberry (Ame/anchier aJnifolia; A. utahensis), mountain snowberry (Symphoricarpas 
oreophilus}, Gambel oak (Quercus gambeliiJ, ponderosa pine (Pinus ponderosa), and numerous other 
associated graminoids, forbs, and woody plants. 

PESTS AND DISEASES 

Small mammals and rabbits damage stands when abundant; big game also attracted to small seeded 
acreages. No seriOus diseases known. 

IMPROVED VARIETIES 

'Bandera', increased and recently released from a collection in ponderosa pine zone in northern New 
Mex.ico, has most of the characteristics described for the species and probably is adapted to the natural 
range of the species (2). 

REFERENCES 

(1) Harrington. H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

(2) Hassell,	 W. G. 1981. Shrubs and forbs for revegetation. U.S. Dept. Agr., Soil Conserv. Serv., manuscript. 
Denver, CO. 9 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

(4) Plummer. A. P., D. R. Ch rlstensen, R. Stevens, and K. R. Jorgensen. 1970. Highlights, results, and accomplishments 
of game range restoration studies. Utah Div. Fish and Game Publ. 70-3. 94 pp. 

(5)	 Plummer, A. P.. D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish 
and Game Pub!. 68-3, Salt Lake City. 183 pp. 



Figure 45. Rocky Mountain penstemon (Penstemon strictus). Plant x 1/2. 
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PURPLE PRAIRIECLOVER 
Peta/ostemum purpurem (Vent.) Rydb. 

(::: Da/ea purpurea VenL) 

ORIGIN 

Native to Great Plains and adjacent areas. See map for distribution in the U.S. 

SPECI ES CHARA.CTERISTICS 

Warm season, perennial. herbaceous legume. 

Stems several, branched, streaked, and ascending or erect 1 to 3 feet tall. Leaves stalked 
typically with five (three to seven) linear to broader leaflets, gland-dotted below and folded. 
Inflorescence a dense oblong to cylindric terminal spike, 1/2 t02 inches long, composed of 
numerous small rose-purple flowers bearing one ortwo-seeded pods shorterthan the hairy 
calyx. Flowers not truly pealike, only one petal well developed (1). 

Woody taproo: and several surfiCial branches with a few vertical rootstocks. Plants resume growth in mid to 
late spring. flowel from late May to July or later at higher elevations, and mature seeds during July and 
August or later. Regrowth potential medium in quantity during the growing season, largely related to 
available soil moisture. Fairly palatable to sheep, less so to cattle; some use made by birds and small 
mammals (2). 

ECOLOGICAL RELfl,TIONSHiPS 

Species grows on prairies, plains, and hills with soils ranging from clay loams to loamy sands. Found 
growing more commonly or vigorously on well drained sites and moderately alkaline calcareous soils. 
Thrives in 16 to 20 incr,es MAP zones but found in suitable sites of the 12 to 15 inches zone. Local ecotypes 
winter-hardy; avoid distant southern or lower altitude sources of seed unless known to be adapted. Species 
found up to about 7,000 feet in elevation in Rocky Mountains. Moderate drought tolerance; more thrifty in 
rather open communities. Fair shade tolerance indicated by occurrence in open woodlands. Fair fire 
tolerance in dormant state; injury in growing state and stimulation of seed germination to be expected. 
Moderateiy tolerant of grazing and defoliation. Medium in competitiveness and compatibiliry (2,3.4). 

CULTURE 

Planting Depth. Rate, and Time 

Drill seed 1/4 to ~/2 inch deep in a weli prepared seedbed. Broadcasted seed needs to be covered with soil 
to similar depths. Drill 20 PLS per square foot (3 pounds (PLS) per acre) for full stands. Reduce rate to 
desired percent composition in mixtures or to prairieclover's composition in climax or good condition 
rangelands. Use no more than 1 pound per acre in native grass mixtures. Drill seed in spring that has been 
dry-prechilled at 4 0 C overwinter or seed in spring or fall with seed that has been dry-stored at room 
temperature for a year. Drill scarified seed before the moistest growing season. Seed should be inoculated 
before planting on sites lacking any prairieclover history (5,6). 

Seed Cleaning and Quality 

Collect seed from native stands by hand-stripping pods; process by mechanically flailing or hammermilling 
and recleaning in fanning mill. Field stands can be combined and cleaned in fanning mill. Seed quality not 
standardized: acceptable purity 95 percent; germination (i ncl uding 5 to 25 percent hard seed) 80 percent or 
better; 76 percent PLS; and 275,000 seed per pound (5,6). 

Germination and Seedling Characteristics 

Most seeds gerrninate in 7 to 10 days in standard seed testing; 50 percent of dry-prechilled seed germinate 
in 2 to 3 days. Seedling vigor medium; poor stands result from transplanting seedlings directly into sod 
without reducing competition: good stands obtai 'led by seeding when competition reduced (3,4). 

MANAGEMENT 

Potentially useful plants in roadside and rest areas, gardens, park and recreation areas, and for 
reestablishing prairies. Species also used in mixtures on dam structures and critical areas. The following 
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forb seed mixture optionally added to range site seed mixtures on other than wetlands in adapted zones in 
, Nebraska, 

Purple prairieclover (Petalostemum purpurem)	 0.2 pounds PLS per acre 
Pitcher sage (Salvia azurea vs. grandiflora)	 0.2 pounds PLS per acre 
Maximilian sunflower (Helianthus maxmiJiani)	 0.5 pounds PLS per acre 

Control weeds when they become a problem, noting forb sensitivity to phenoxy herbicides, and withhold 
grazing of seedling stands. Moderate defoliation to 4 to 6-inch stubble about 1 month before normal 
blooming may stimulate dormant bud development and longer and showier floral display. Deferring later 
defoliation until after fall dormancy restores energy to roots for overwintering and vigorous spring growth 
and allows self-seeding. Conservative harvesting with periodic rests during growing season and legume 
persistence will minimize maintenance (3,4). 

ASSOCIATED SPECIES 

" Species naturally occurs with nonwetland tall, true, and mixed prairie associates, such as the following; 
either seeded with them or transplanted into existing stands (with more success as year-old plantlets): big 
bluestem (Andropogon gerardii); little bluestem (Schizachyrium scoparium); and sideoats grama(Bout

r~..;~.J:;~	 eloua curtipendula). Such mixtures, when used for prairie restoration, include several other forb species 
and may include low shrubs, such as leadplant amorpha (Amorpha canescens). Better stand establishment 
ensured by planting weaker and stronger competitive species in separate or alternate rows. . 

-;PESTS AND DISEASES 

Grasshoppers and small mammals in moderate numbers endanger seedling stands. No serious diseases 
known, although rusts and a root rot have been reported on prai rieclover. Green seed left in pods after seed 
"harvesting quickly infected by fungi. 

'iMPROVED VARIETIES 

'Kaneb', developed from several seed accessions at Manhattan, Kansas, is widely adapted to other than 
wetland sites in Nebraska, eastern Colorado, Kansas, Oklahoma, Texas, and New Mexico, and has 
performed well as far north as Bismarck, North Dakota, and Bridger, Montana (2,3,6). 

White prairieclover 
Petalostemum candidum Michx. 

White prairieclover is similar to P. purpureum, differing in white flowers, often more decumbent spreading 
growth form, five to seven leaflets, and in its tolerance of less precipitation and somewhat coarser, drier, 
.and disturbed soils/sites. Distributions overlap and P. candidum extends into Mississippi and Mexico. 

;REFERENCES 

i1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

.{2) Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

(3)	 Salac, S. S., P. N. Jensen, J. A. Dickerson, and R. W. Gray, Jr. 1978. Wildflowers for Nebraska landscapes. Univ. 
Neb. Agr. Exp. Sta. Misc. Pub!. 35. Lincoln. 23 pp. 

(4)	 Glenn-Levin, D. C., and R. Q. Landers. 1978. Fifth midwest Prairie Conference Proceedings. Iowa State Univ. 
Conferences, Ames. 230 pp. 

(5)	 Eddleman, L. E. 1977. Indigenous plants of southeastern Montana. I. Viability and suitability for reclamation in the 
Fort Union Basin. Mont. For. and Conserv. Exp. Sta., Univ. Mont. Special Pub!. 4. Missoula. 122 pp. 

(6)	 Dayton, R. S. Manager, Soil Conservation Service Plant Materials Center, Manhattan, KS. Personal communica
tion. Jan. 25,1982. 
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Figure 46. Purple prairieclover (Petalostemum purpureum). Plan! x 1
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UPRIGHT PRAIRIECONEFlOWER 
Ra tibida columnaris (Si ms.) D. Don. 

ORIGIN 

Native to Great Plains and adjacent areas See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Warm season, herbaceous, non leguminous, perennial forb. 

Stems upright, minutely hairy and branching both above and from a woody caudex, 1 to 3 
feet tall. Leaves borne at midstem, alternate and divided into five to seven narrow segments. 
Flowers showy, borne in terminal heads of yellow to purple, drooping ray, outer flowers and 
green to brownish disk flowers on a cone-shaped column (receptacle) producing angular, 
winged achenes (1). 

Plants with relatively shallow taproots and branch roots and developing short rootstocks. Species resumes 
growth in spring, flowers from May to August in various parts of its range, matures from July to September, 
and regrows vegetatively somewhat in proportion to moisture up until maturity. Palatable to livestock prior 
to heading. Flowers and heads distinctive and aesthetic (1,2). 

ECOLOGICAL RELATIONSHIPS 

Widely distributed in prairies, plains, and open shrublands and woodlands in subhumid to semiarid lones. 
Thrives on deep, well-drained loams but found growing in thin, rocky, gravelly, and sandy soils. Tolerantof 
weakly acidic to moderately alkaline and weakly saline soils. More vigorous in 15 to 20 inches MAP lones; 
less frequent but growing in 10 to 15 inches lones. Local ecotypes and strains developed from them winter 

ardy; make certain southern and lower elevation sources are fully adapted. Weak shade tolerance and 
. sually found in open or exposed sites. Fire sensitive when actively growing; tolerant in dormant state. 
)iariable grazing responder often increasing in mixtures with more palatable species but decreasing in 
many mixed prairies lacking other palatable forbs (2,3). 

CULTURE 

anting Depth, Rate, and Time 

'Drill seed 1/4 to 1/2 inch deep in well prepared, firm seedbeds or broadcast and press seed into soil by 
Itipacking or by rolling with a weighted lawn rollerforsmall projects. Plant 20 t030 PLS per square foot (1 

tl.·1112 pounds PLS per acre) for full stands on semiarid sites; increase rate 50 to 100 percent for humid 
. ones, critical or erosive sites, and poor seedbeds. Decrease rate in seed mixtures to either desired or 
Dllgi~al percent composition on seeding site. No more than 1/4 pound PLS per acre recommended for 
.. Tie or plains mixtures. Plant before the moistest growing season that meets germination and seedling 

. £OMh requirements. Planting dry-stored seed in spring, when soil temperatures approximate 68° F, 
ably best in Northern Great Plains. Transplanting year-old plantlets successful in prairie restorations; 

~rs.eeding with other prairieconeflowers successful but better stands result when competition fully 
~d prior to seeding (3,4). 

and Quality 

a .~~trip seed of small stands, mechanically flail Or hammer mill, and clean in a fanning mill. Field 
nJl)g~ can be direct-combined, hammermilled, and recleaned in fanning mill. Seed quality not 

~~~~zed: 90 percent purity; 65 percent germination (average of 10 commercial lots); 58 percent PLS: 
-: 00 seed per pound (3,4,5,6). 

·ation and Seed lin Characteristics 

~:~minate in 27-day period in seed testing: about 50 percent germinate in 7 days. Seedling vigor not 
. ut expected to be only fair due to small seed energy and somewhat slow and variable emergence. 
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Probably will require second growing season to flower like closely related pinnate prairieconeflow 
pinnata (4,5,6). er, R. 

MANAGEMENT 

Species recommended for use in roadsides and rest areas, gardens, park and recreation areas, and f 
reestablishing prairies. Better stands and persistance expected by planting weakly competitive spec·or 

1esseparate or in alternate rows with strongercompetitors. Careful grazing may aid stand estabiishmentWh
direct seeding or transplanting into prairie-like sod; also with other seedings using prairie speci:n 

Defoliation of established stands to about a 6-inch stubble 2 weeks to 1 month before normal flowering mas. 
force lateral buds, produce bushier growth, compacter floral displays, and prolong flowering. Withholdi/ 
sUbsequent defoliation until after fall dormancy ensures some self-seeding and more vigorous plants. We~ 
adapted and compatible native plant mixtures usually require minimum maintenance (3,5,6). 

ASSOCIATED SPECIES 

Species commonly grows in mixed stands with little bluestem (Schizachyrium scoparium), sideoats grama 
(Boute/oua curtipendu/a), western wheatgrass (Agropyron smithii). blue grama (B. gracilis). and a variety 
of other forbs and a few shrubs in Great Plains grasslands. Occurs less frequently in eastern and Western 
woodlands and shrublands and also with tallgrass prairie vegetation. It can be seeded with these and 
similar native, usually warm season, grass or grass-forb mixtures for variety, beautification, and as a' 
conspicuous native prairie species. 

PESTS AND DISEASES 

None reported; grasshoppers might damage seedling stands. 

IMPROVED VARIETIES 

None.	 Few accessions under observation. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

(2) Johnson.	 J. R., and J. T. Nichols. 1970. Plants of South Dakota grasslands. S. Oak. Agr. Exp. Sta. Bull. 566. 
163 pp. 

(3)	 Salac, S. S., P. N. Jensen, J. A. Dickerson, and R. W. Gray, Jr. 1978. Wildflowers tor Nebraska landscapes. Univ. 
Neb. Agr. Exp. Sta. Misc. Pub) 35. Lincoln. 23 pp. 

(4)	 Glenn-Levin. D. C., and R. Q. Landers. 1978. Fifth midwest Prairie Conference Proceedings. Iowa State Univ. 
Conferences, Ames. 230 pp. 

(5) Eddleman, L. E. 1977. Indigenous plants of southeastern Montana.) Viability and sUitability tor reclamation in the 
Fort Union Basin. Mont. For. and Conserv. Exp. Sta., Univ. Mont. Special Pub!. 4. Missoula. 122 pp. 

(6)	 Dayton, R. S. Manager, SOil Conservation Service Plant Materials Center, Manhattan, KS. Personal communica
tion. Jan. 25. 1982. 
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Figure 47. Upright prairieconeflower (Ratibida columnaris) Plant x 1/2. 
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SMALL BURNET 
Sanguisorba minor Scop. 

ORIGIN 

Native to Eurasia. Locally used in cooler areas of West and occasionally escaped in Northcentral and 
Northeastern States. See map for distribution in the U.S 

SPECIES CHARACTERISTICS 

Cool season, herbaceous, long-lived, perennial, evergreen forb. 

Plants tufted with many ascending stems 1/2 to 2 feet tall arising from a branched caudex. 
Leaves petioled, stipulate, and unevenly pinnately compound with small egg-shaped, 
dissected leaflets. Flowers unisexual or bisexual, borne in a dense head or terminal spike. 
Flowers without petal produce a 4-ribbed woody achene fruit enclosed in a persistent 
thimble-shaped calyx (1). 

Plants potentially good self-seeders and have taproots and short rootstocks. Growth. resumes in early 
spring, blooms In early summer, and matures In late summer, varYing regionally and With environmental 
conditions. Flower and seed development is indeterminant, from bottom to top. Palatability good to 
livestock and big game, especially in late winter and spring. Seeds consumed by birds and avidly by rodents 
(1,2) . 

ECOLOGICAL RELATIONSHIPS 

Species well adapted to sandy and clayey textured soils and optimal in silty and loamy soils. Tolerant of 
moderately saline, moderately alkaline, and relatively infertile soils. Not well adapted to poorly drained' 
soils which have shallow water tables. Well adapted to 12 inches or more MAP zones in full sunlight but 
tolerant of partial shade in open shrublands and woodlands. Species with good winter hardiness but 
potentially variable from commercial "common" seed. 'Delar' variety has withstood -33 0 F with minimal 
snow cover. Moderately tolerant of grazing but can be thinned and dwarfed by too intense defoliation. 
Good compatibility with other species in seeding mixtures and stands. Usually fire-resistant due to 
evergreenness and succulence (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed at 1/4 to 3/4 inch depths in seedbeds as weed free and firm as possible. Adapt depth to soil 
texture, moisture, and firmness; seed slightly deeper in fall than spring. Cover b roadcasted seed with soil to 
similar depths. About 20 to 30 PLS per square foot (20 to 30 pounds PLS per acre) will produce a full stand. 
Reduce rate proportionately to composition desired in seeded stands; usually 1 t03 pounds PLS per acre 
recommended in seeding mixtures. Increase rates 50 to 100 percent when broadcasting and for seeding 
distrubed lands, harsh sites, and critical areas. Supplemental mulching; light, frequent irrigation; and 
fertilization to correct nutrient deficiencies may aid stand establishment on the difficult sites. Dryland sites 
should be seeded before the growing season that has adequate surface moisture for rapid germination and 
seedling establishment. Late fall in the intermountain region, early spring or late fall in northern Great 
Plains and Midwest, and either late fall or early to midsummer for mountain seedings commonly 
recommended. Successful seeding possible from an early spring to July or August with irrigation. Also 
possible to propagate by root divisions (4) 

Seed Cleaning and Quality 

Harvest small lots of seed by hand-stripping: dry and clean in a fanning mill. Direct-combine row Planting~ 
or seed fields with platform set high to harvest most seed but least green material Dry seed to preven 

heating. Possib Ie to swath and combine with pick-up attach me nt after drying in the field but with more see~ 
loss. Cleaning in a fanning mill produces a commercial product. Seed quality not standardized: 95 percent 
purity; 70 percent germ ination; 66 percent PLS; and about 50,000 seed per pound. 'Delar' variety has aboU 

42,000 seed per pound (2,4,5). 
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~minalion and Seedling Characteristics 

Seeds germinate and emerge readily but stands develop rather slowly and are not fully established before a 
second growing season (4,5). 

MANAGEMENT 

Species recommended in seed mixtures used for revegetating rangelands, minespoils, game range 
restorations, and for other disturbed areas. In Utah, recommended for use in range restorations in juniper
pinyon, mountain brush, blackbrush, big sagebrush, and shadscale saltbush types. Occasionally included 
in higher elevation seedings in Rocky Mountains and sometimes grown in gardens. Protect seedling 
stands from grazing or reduce stocking, and control weeds before they suppress seedlings. Burnet is 
sensitive to many herbicides and their safe use has not been developed. Practice good vegetation 
management; make moderate use of herbage (not over 50 percent) and provide periodic rests to encourage 
some self-seeding and ensure greater stand longevity (2,3,4). 

ASSOCIATED SPECIES 

Species sometimes used as minor component in grass, grass-legume, or more complex seeding mixtures 
because of advantages of evergreen leaves, color, attractive fol iage, game cover and food, and for diversity 
in plant species, nutrition, and seasonal herbage supply. 

PESTS AND DISEASES 

Rodents seek out seed and reduce stands and reproductive potential. Small acreages of everg reen or very 
early growing herbage attract wildlife and damage by otherwise normal populations. Grasshoppers 
menace both stands and herbage. Minor leaf spots, rusts, and powdery mildew occur. 

IMPROVED VARIETIES 

"Delar', recommended for planting in the intermountain region, has most of the characteristics of the 
. species and very good winter hardiness (4). 

REFERENCES 

(1)	 Hitchcock, C. L., A. Cronquist, M. Ownbey, and J. W. Thompson. 1961. Vascular plants of the Pacific Northwest. 
Part 3. Univ. of Wash. Press, Seattle. 614 pp. 

(2)	 Plummer, A. P., D. R. Christensen. and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish 
and Game Publ. 68-3.183 pp . 

.·(3) Vallentine, J. F. 1971, Range development and improvements. Brigham Young Univ. Press, Provo, UT. 534 pp. 

'(4) Howard, C. G. n.d. (c. 1978?). 'Delar' small burnet (Sanguisorba minor Scop.) description, adaptation, use. culture, 
management, and seed production. U.S. Dept. Agr., Soil Cons. Serv. Plant Materials Center Leaflet. Aberdeen, 
10.4 pp. (mimeo) 

J Plummer, A. P., D. R. Christensen, R. Steward. and K. R. Jorgensen. 1970. High lights, results and accompliShments 
of game range restoration studies. Utah Div. Fish and Game Pub/. 70-3. Salt Lake City. 94 pp. 
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Figure 48. Small burnet (Sanguisorba minor). Plant x 2/3; flower x 10: mature calyx x 5. (Flower and calYx 

after C. L. Hitchcock et al. 1961.) 
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MISSOURI GOLDENROD 
Solidago missouriensis Nutt. 

ORIGIN 

Native to Midwest and Western States. See map for distribution of the U.S. 

SPECIES CHARACTERISTICS 

Warm season, herbaceous, perennial forb. 

Stems mostly 1 to 2 feet tall, erect, and often clustered from short rhizomes. Basal leaves 
oblanceolate, petioled, and toothed; stem leaves narrow-lance shaped, pointed, and nearly 
hairless. Inflorescence an arched, one-sided panicle of smalr, congested, composite 
flowerheads with about eight yellow rays, fewer than miniature disk flowers, bearing small, 
variably hairy achenes (1) . 

.R.oot system rather superficial, mostly from short rhizomes. Plants resume growth in spring to early 
summer, bloom in various habitats between June and September, mature about 6 weeks later, often shed 
basal leaves after flowering, and make variable regrowth in summer but little after maturing. Palatability 
poor for cattle and fair for sheep, especially when leafy and succulent; only incidental uses made by small 
'ammals and birds (2). 

ECOLOGICAL RELATIONSHIPS 

-Plants common in diverse habitats of dry prairies, plains, foothill shrublands, and open forests of 
1T1ountains. More common on well-drained sites in silty and clay loam to rocky and sandy loam-textured 
~iJs. Species occurs on sites indicative of tolerance of weakly acid to moderately basic and weakly saline 
roils; often found in open communities with reduced competition along roads, ditches, fences, and where 

. sod is broken. More conspicuous, due to greater vigor and abundance, in 16 to 20 inches MAP zone but 
prEsent at lower frequency in 12 to 15 inch zone Habitats of common occurrence associated with winter 
Ililrdiness, moderate drought tolerance, tolerance of partial shade, and good survival from fire due to 

izomes, especially on damper sites and in dormant state. Similarly, natural occurrence indicates weak 
9.mpatibility and competitiveness in dense grasslands but moderate aggressiveness and ability to invade 

-ad dominate open stands by seeds and/or rhizomes. Goldenrods have a reputation for being good self
~eders and becoming somewhat weedy. Some question whether it is wise to encourage use of such 
pecies, especially when costly seed treatment is involved (3,4). 

nURE 

flhmting Depth, Rate, and Time 

dll or broadcast seed at shallow depths and cover with soil not over 1/4 inch deep. May need to be about 
1Jl~Ch deeper when sown with most grasses, despite some loss in stands. Seed about 1/4 pound PLS per 
<iq em pasture mixtu res or about twice as much in mixtu res for d istu rbed la nds with harsh sites. Pia nt seed 

t'ptimum time for dominant elements in seed mixes or either very early in spring or late fall to induce 
ter germination when planted separately. Well prechilled seed can also be seeded in spring. Better 
~cess. reported in transplanting 10-week old seediings into disturbed prairie in midwestern prairie 

.t'&§!oratlon trials, suggesting that rootstock divisions might beequally successful for small projects (3,4,5). 

~Cleaning and Quality 

, ~Ction methods unreported; scattered occurrence of wild populations may necessitate hand-stripping, 
"~~~h Occasionally patches are large enough to windrow. Process collections by mechanical flailing or 
. ~Img, followed by scalping and/or fanning. Seed quality not standardized: acceptable purity probably 

b;f.cent (n~ reports); germ ination 12 percent in one test (another report indicated no germination after 5 
, e', storage In dry, unheated shed but 10 percent after 11 years when stained red in tetrazolium chloride) . 

. port of 1,356,000 seed per pound (3,4). 
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Germination and Seedling Characteristics 

No rate of germination precisely recorded. Considering the miniature size of seed, likely seed energy, and 
uncertain and probably slow germination of many dormant seed, slow seedling and standard development 
are predicted. 

MANAGEMENT 

Utility of species may include soil stabilization, watershed cover, aesthetics, and diversity in range and 
wildlife plantings. As mentioned before, transplanting of rootstock divisions or plantlets, while costly and 
time consuming, may be the only certain way of ensuring stand establishment. Except for sheep, grazing 
du ri ng establish ment may su ppress com petition and enha nce estab lish ment. After establishment, grazing 
or mowing about 1 month before normal flowering may induce more flower buds to open in a compacter 
pattern and extend flowering where desirable on roadsides and in parks or wild flower gardens. Permitting 
flowers to mature before any further defoliation in fall may induce greater persistence. 

ASSOCIATED SPECIES 

Species occurs in dry prairies, favored sites in mixed prairies, and in open shrublands and forest openings 
or woodlands; often associated with little bluestem (Schizachyrium scoparium), sideoats grama (Boute
loua curlipendula), true mountain-mahogany (Cercocarpus montanus), and ponderosa pine (Pinus 
ponderosa) in such communities. May be mixed with native or exotic, usually warm season, grasses and 
legumes for a variety of revegetation purposes. Such seedings may be more successful if the weaker 
components are seeded in rows alternating with rows seeded to aggressive members of any seeding 
complex. 

PESTS AND DISEASES 

Rodents and grasshoppers may endanger new seedings. Leaf spots and rusts noted on plants and 
dodder(Cuscuta sp.) sometimes parasitizes stands, especially in more humid regions. 

IMPROVED VARIETIES 

None. 

Stiff goldenrod 
Solidago r;gida L. 

S. rigida is stiffly erect with rather erect branches; short, gray, hairy leaves and stems; and a flat-topped to 
dome-shaped inflorescence with relatively targe, but somewhat less dense, flowers. It occurs from the 
Continental Divide eastward into the prairies. No germination reported except after dry-prechilling seed 
treatment; 10 weeks of seed treatment induced poor germination that resulted in only fair direct seeding 
resu Its compa red to excellent and good stands resulting from transplanti ng 1O-week old seedli ngs and 1
year old plants. respectively (5). 

G ray goldenrod 
Solidago nemoralis 

S. nemorafis occurs almost throughout the Great Plains except for drier sections and appears to be better 
suited to revegetation; good germination is reported without seed treatment in Wisconsin prairie 
restoration investigations (5). 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

(2) Martin, A. C., H. S. Zlm, and A L. Nelson. 1951, American wildlife plants. Dover Publ., Inc .. NY. 500 pp 

(3) Salac,	 S. S., P. N. Jensen. J. A. Dickerson. and R. W Grey, Jr. 1978. Wildflowers for NebraSka landscapes. Univ. 
Neb. Agr. Exp. Sta. Misc. Publ. 35. Lincoln. 23 pp. 



Germination and Seedling Characteristics 

No rate of germination precisely recorded. Considering the miniature size of seed, likely seed ene '.. 
uncertain and probably slow germination of many dormant seed, slow seedling and standard devergy, ~ltd. 
are predicted. °prnent 

MANAGEMENT 

Utility of species may include soil stabilization, watershed cover, aesthetics, and diversity in ran e 
wildlife plantings. As mentioned before, transplanting of rootstock divisions or plantlets, whilecosI,y \ Ii 
time consum~ng, may be the only certain wa~ of ensuring stand establishment. Except for sheep, graz~,' , 
dunng establishment may suppress competitIOn and enhance establishment. After establishment, graz" 
or mowing about 1 month before normal flowering may induce. more flower.buds to open in a compa~tg 
pattern and extend flowenng where deSirable on roadsides and In parks or wild flower gardens. Perrnittfn~ 
flowers to mature before any further defoliation in fall may induce greater persistence. 

ASSOCIATED SPECIES 

Species occurs in dry prairies, favored sites in mixed prairies, and in open shrublands and forestopenilJ,gS' 
or woodlands; often associated with little bluestem (Schizachyrium scoparium), sideoats grama (Boule'" 
loua curtipendula), true mountain-mahogany (Cercocarpus montanus), and ponderosa pine (Pif1lJ6: 
ponderosa) in such communities. May be mixed with native or exotic, usually warm season, grasses an 
legumes for a variety of revegetation purposes. Such seedings may be more successful if the weakllt 
components are seeded in rows alternating with rows seeded to aggressive members of any seedin 
complex. 

PESTS AND DISEASES 

Rodents and grasshoppers may endanger new seedings. Leaf spots and rusts noted on 
dodder(Cuscuta sp.) sometimes parasitizes stands, especially in more humid regions. 

IMPROVED VARIETIES 

None. 

Stiff goldenrod 
Solidago rigida L. 

S. rigida is stiffly erect with rather erect branches; short, gray, hairy leaves and stems; and a flat-topped to 
dome-shaped inflorescence with relatively large, but somewhat less dense, flowers. It occurs from t9s 
Continental Divide eastward into the prairies. No germination reported except after dry-prechilling ~e~ 
treatment; 10 weeks of seed treatment induced poor germination that resulted in only fair direct seedin~ 
results compared to excellent and good stands resulting from transplanting 10-week old seedlings and'1
year old plants, respectively (5). 

Gray goldenrod 
Solidago nemora/is 

S. nemoralis occurs almost throughout the Great Plains except for drier sections and appears to be be!t~ 
suited to revegetation; good germination is reported without seed treatment in Wisconsin pram~ 
restoration investigations (5). 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL 666 pp" 

(2) Martin, A. C., H. S. Zim, and A. L. Nelson. 1951. American wildlife plants. Dover Pub!., Inc., NY. 500 pp. 

(3)	 Salac, S. S., P, N. Jensen, J. A. Dickerson, and R. W. Grey, Jr, 1978. Wildflowers for Nebraska landscapes. Uni 
Neb. Agr, Exp. Sta. Misc. Pub!. 35. Lincoln. 23 pp. 
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) Eddleman. L. E. 1978. Survey of viabil ity of indigenous grasses, forbs, and shrubs: r ech niques for initial acquisition 
(4 and treatment for propagation in preparation for future land reclamation in the Fort Union Basin. Annual 

progress Report, Univ. Mont., Missoula. 105 pp. 
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( Univ. Conferences, Ames. 230 pp. 
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Figure 49. Missouri goldenrod (Solidago missouriensis). Plant x 3/5; ray 1lower, achene x 51/2, 
aiter C, L. Hitchcock et al. 1955.) 



GOOSEBERRY GLOBEMALLOW 
Sphaeralcea grossulariaefolia (H. & A.) Rydb. 

ORIGIN 

Native to Great Basin. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool season, perennial, non leguminous forb. 

Stems gray-green, erect. 1 to 21/2 feet tall. growing from loose tufts. Leaves egg-shaped in 
outline, pal matel y th ree-parted, lower divisions lobed agai n, Iike a gooseberry leaf, covered 
with gray stellate hairs. Inflorescence a compound raceme. Flowers borne on short 
branches, with showy, reddish petals, central staminal tube, and producing several two
seeded ca rpels (1). 

Branched taproot with several surface feeding roots. Growth resumes in early spring, flowers May to July, 
and matures June to August, varying largely with elevation. Greens up again in the fall. Moderately 
palatable to livestock, especially so for sheep, and for big game when green (2). 

ECOLOGICAL RELATIONSHIPS 

Species grows on most soit textures, especially from sandy to clay loam; may be found in coarse gravelly 
and thin soils of foothills. Tolerant of moderately saline, but not sodic, soils. More abundant in open 
communities and disturbed sites. Semixerophytic and more abundant in the8 to 12 inch MAP zones than in 
higher or rower MAP zones. Rather shade-intolerant but grows in openings in juniper-pinyon woodlands. 
Winter-hardy in Great Basin but may not tolerate dry snow-free winters of the Great Plains. Good grazing 
tolerance but may be i nj ured by close defoliation in late spring. Weakly moderate in competitiveness; tends 
to thrive in openings and bare spaces and, tor that reason, compatible and useful in mixtures (1 ,2). Poorly 
tolerant of fire (3) but globemallows (Sphaeralcea spp.) may increase from seed reserves on bare surfaces 
after disturbances, including fire. 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed less than 1 inch deep, varying with soil texture, moisture, and firmness and quality of seedbed. 
Plant only about 10 percent of this species in seeding mixtures or use about 1/4 pound PLS per acre. Fall 
and winter planting dates preferred to take advantage of late winter-early spring moisture and to provide a 
prechilling seed treatment (4). 

~d Cleaning and Quality 

Harvest wild populations or small plots by hand-stripping. Dry material, then run through a Dybvig seed 
cleaner and reclean in a Clipper or fanning mill if necessary. Seed quality not standardiled: 90 percent 
purity; 70-80 percent germination; 62-73 percent PLS; and 500,000 seed per pound (4,5). 

~mination and Seedling Characteristics 

Scarified seed germinate moderately rapidly but untreated seed show considerable delay and poor 
94ermlnation. Once seedlings emerge, they show good vigor and may mature by the second growing season 
(I)' Hard seed germinates better after acid or mechanical scarification or after using diethyl dioxide and at 
a ternating 59 and 72° F temperatures (6). 

MANAGEMENT 

SPeCies considered potentially useful In seeding mixtures to stabilile disturbed and eroding lands, 
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including minespoils, and for range revegetation and roadside beautification. Seedling stands . 
protection from grazing and trampling and may require mowing to suppress competitors Gnee;d 
established stands moderately and provide for periodic rests during growing season to encour~ raze 
seeding a.nd maintain vigor and production (2,4). Species is one of only fourforbs considered ada~t~~ea 
revegetation purposes In the salt desert (7). Sheep make 80 percent use of this species On mOde /Qr 
grazed winter ranges. ra e~yt 

ASSOCIATED SPECIES 

Species gr~ws in mixed popul.ations with shadscale saltbu,sh (Atriplex confertifolia) , spiny hOpsa 
(~raYJa spinosa}, galleta (H"arJ~ JameslI). Utah Juniper (JunJp~rus os~eo~perma), and winterfat (Cer;~ 
oldes lana/a). May be seeded with them and other native species or with Introduced grasses adapted f' 
Great Basin sites. Separation of stronger competitors and seeding either separately or in alternate row? 
with weaker competitors often aids establishment of better stands which persist longer. ~ 

PESTS AND DISEASES 

Moderate to high population levels of jackrabbits, rodents. and grasshoppers or Mormon-crickets damage 
seedlings and sometimes established stands. Minor rusts reported on plants., 

IMPROVED VARIETIES 

None. 

Scarlet globemallow
 
Sphaeralcea coccinea (Pursh) Rydb.
 

S. coccinea is primarily a Great Plains species, similar to gooseberry globe mallow but shorter, with more. 
finely divided leaves and Widely spreading rhizomes, more commonly found on clayey soils and disturbed 
sites. Used some by antelope, livestock, and small mammals; has some potential for use in seeding 
mixtures to stabilize disturbed areas, such as gullies and roadsides. Flowers are attractive and bloom May, 
to July or longer with favorable moisture. It is a low producing plant. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

(2) Plummer, A. P.. D. R. Christensen, and S. B. Monsen. 1968 Restoring big game range in Utah. Utah Div. Fish and 
Game Pub!. 68-3.183 pp. ~ 

(3) Wright, H. A., Dept. of Range and Wildlife Manage., Texas Tech Univ., Lubbock. Personal communication. June2, 
1982. 

(4) Plummer, A. P., Plummer Plant & Seed Co., Provo, UT Personal communication. January 29,1982. 

(5) Plummer, A. P.. D. R. Christensen, R. Stevens, and K. R. Jorgensen. 1970. Highlights, results and accomplishmenlS
of game range restoration studies. Utah Dlv. Fish and Game Pub!. 70-3. Salt Lake City. 94 pp. 

(6) Page. R. J.. D. L. Goodwin, and N. E. West. 1966. Germination requirements of scarlet (sic.) globe mallow. J. Aan!l!; 
Manage. 19:145-146. 

(7) McArthur. E. D., A. P. Plummer, and J. N. Davis. 1978. Rehabilitation of game range in the salt desert. Pages23~5U 
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Wyoming, Laramie. 
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Figure 50, Gooseberry glooemallow (Sphaeralcea grosSulariaefolia). Plant x 1. 
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WHITE CLOVER 
Trifolium repens L. 

ORIGIN 

Introduced from Eurasia, widely used and escaped in moist areas of United States See mapfordistributio
 
in the U.S. n
 

SPECIES CHARACTERISTICS 

Prostrate growing, perennial, herbaceous legume. 

Stems freely branching from base, stoloniferous and rooting at nodes but sometimes erect.
 
Leaves stipulate, petioled, trifoliate; leaflets reverse egg-shaped, usually finely to coarsely
 
toothed, and blotched with white at base. Inflorescence a nearly round flower head of many
 
small peahke flowers having green, narrow-toothed calyxes and white or pinkish corollas
 
producing four to five-seeded miniature pods (1).
 

Polymorphic species with small, prostrate, wild or common types often of large diameter; others large, 
upright, and tall; many intermediate types. Initially taprooted but later replaced by finer branched root 
system. Plants resume growth in early to midspring or later in higher elevations and latitudes; flowerin May 
to July or summerlong in cooler, moist areas but become semidormant under hot, dry conditions; mature 
about 3 weeks to 1 month later; and make abundant regrowth in summer but less in fatl. Good palatabilityto 
domestic and wild herbivores, especially in summer; seeds consumed by a variety of birds Occasionally 
may cause bloat in ruminants and contains estrogens that may induce animal reproductive problems(2,3). 

ECOLOGICAL RELATIONSHIPS 

Species thrives in clay to silt loam soils; not very tolerant of wet soils but can be grown in sandy soils having 
a high water table if soil reaction and nutrient deficiencies are corrected by Ii ming and fertilization. Tolerant 
of soils weakly acid to weakly basic in reaction but not tolerant of soil salinity. Thrives in cool temperateand--~'~~~' 
humid climates. Best adapted to over 20 inches MAP zones. Strains and sources variable in winter 
hardiness; small types from New York and Idaho origin most reliable. Species exhibits remarkable 
elevational adaptation from near sea level to the alpine; exhibits similar latitudinal tolerances. Moderately 
drought-tolerant, thrives in full sunlight, and declines with grassy overstory but grows in partial shade of 
aspen and oak woodlands. Three types of clovers (large, intermediate, and small) exhibit increasing .. 
tolerances to grazing in order listed Species grows on sites not frequently burned but is vulnerable in '. 
actively growing state; tolerant when dormant with damp soils; capable of survival by hard seeds.. 
Compatible with grasses when grass is closely defoliated (2,3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Drill or broadcast and cover seed with soil1/4 to 1/2 inch deep in a well prepared seedbed Drill grass and 
clover seed in alternate rows where feasible: otherwise, seed at different times and in approximately 
opposite directions or overseed clover to avoid cross-contour seeding. Dril12 t04 pounds per acre in grass 
mixtures in humid regions or with irrigation; 1 pound PLS peracre isadequate forgrass mixtures in dryland 
western sites. Drill seed in spring or late fall in cooler climates to avoid frost-heaving and winterkill. Late 
summer seedings satisfactory in warm temperate and southern climates with adequate moisture or under 
irrigation. Inoculate seed with proper rhizobium just before seeding. Interestingly, some natural reseeding 
of clover accomplished by intact seeds scarified in passing through alimentary tracts of animals (2,3). 

Seed Cleaning and Quality 

Pasture seed crops are mowed, swathed, and combined by making skillful adjustments of equiPme~\ 
Clean threshing done in a clover huller and preliminary recleaning in a fanning mill but commerCia 
recleaning necessary for quality product. Seed fields grown under irrigation with beehives for better 



ollination can be combi ned out, of win,d row or di rect-combi ned after spray curing. Seed quality: 96 percent 
~uritY; 90 percent germination, Including moderate hard seed content; 86 percent PLS; and about 825,000 
seed per pound. 

Germination and Seedling Characteristics-
Seed germinate rapidly in 7 days under ideal co.nditions. Only fair!n seedling vigor, not establishing good 
standS until second or third season, varying with growing conditions and length of growing season (2). 

MANAGEMENT 

Important as pasture legume and useful for stabilizing disturbed and eroding land surfaces, including mine 
spoils and roadsides',lncluded. in grass-1orb mixtures and wildlife food plantings; also used in lawns and 
turf planting and for Interseedlng and overseedlng depleted or renovated bluegrass and other pastures. 
Protection from close graZing and weed control needed during seedling year. Fertilize to correct tested soil 
deficiencies, especially 01 phosphates. Should be grazed ordefoliated moderately close during rapid grass 
elongation stages to reduce competition and maintain vigorous growth and persistence of clover (3). 

ASSOCIATED SPECIES 

Species commonly seeded with tame pasture grasses [smooth brome (Bromus inermis), timothy (Ph/eum 
pratense), and orchardgrass (Dactyfis g/omerata)) for N-fixation and improvement of soil fertility and 
nutrition; also seeded with bluegrasses (Poa spp.) and other turf-forming grasses to eliminate need of 
costly N fertilizers and with hardy high altitude or sod-forming grass for disturbed land stabilization alld 
forage production benefits. 

PESTS AND DISEASES 

Stands menaced by rabbits and small mam mals and several insects, chiefly potato leafhoppers, A stolon 
and root rot complex, including several pathogenic organisms, may deplete stands; virus diseases are 
objects of continuing research because the problem is only partially alleviated by improved cultural 
practices and use of adapted plant materiais (3). 

IMPROVED VAR:ETIES 

Several cultivars of the large Ladino-type (sometimes considered a botanical variety) and a variety of 
SOurces of small and intermediate types exist. Consult with plant materials specialists for adapted material 
lor specific purposes in your area. 

:Red clover 
7rifolium pratense L. 

¥~ropean biennial or short-lived perennial; usually taller than wild white clovers; tufted without stolons, but 
:~th larger, oblong. hairy leaflets, white-blotched in center, and haVing larger rose-purple flowerheads. 

rong seed! Ing vigor; one-c ut, late types prod uc e leafy rosettes fi rst yea r; ea rly two-cut types head out fi rst 
}~' Thrives in cool and humid or irrigated areas; less drought-tolerant than alfalfa. Tolerant of moderately:1. to neutral soits, better performing with pH of at least 6; not tolerant of salinity. Thrives on fertile. welld:Jned Soils with high moistu re-holdi ng capacity; better adapted on medi um to fine-textured soils. Usually 
'ur,ands gOod soil phosphate content for best performance. Commonly used in short rotation hay crops 

SUrtlnCluded In some irrigated or humid pasture mixtures for its quick. short term establishment. Useful in 
'1 dace-mined land reclamation for contributions to N fertility and diversity in wildlife plantings. Provides 
~rineq~ate wi nter cover alone and needs to be seeded with long-lived perennial grasses. Can be seeded in 
- . YO~:n North or early fall in South. Consult with plant materials specialists for superior varieties adapted 
$. area and purposes (5) . 

.aWberry clover 

sian, prostrate growing, pasture type, stoloniferous legume with creeping stems that root at 
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the n?des. Leaves similarto white clover b~t without white splotching. Distinctive round flower head 
to white In color, resembling strawberry fruits. Val~able for Its.t~leranceof mo.derately saline, alkalin~ Pink 
seepy sOil conditions and of 1 to 2 months of flooding; not sufflcle ntly prod uctlve to Justify use On d ryl ,and· 
Good winter hardiness except for Shearman's variety. Close grazing required to maintain clover in gands. 
legume mixtures, but plants should be rested from grazing in the fall. 

Species has been established in most Western States but considerable variation in hardiness a 
production likely from various environments. Species shows good promise forseeding in lawn ortUrfgr nd 
mixtures for lawns, park~ays, and low slopes and draina.ges along highways where soils are salty Or ~~: 
accumulating salt from highway and walkway deiCing. Likely usefui for reclamation of wet, saline are 
around surface mined coal operations. 

Alsike clover 
Trifolium hybridum 

European, short-lived. perenn.ial or biennial. legume, of tillering habit, has ~mooth prostrate to ascending 
stems that bear pink and white blossoms In dense, globose heads. Species tolerant of acid and basic
reacting soils and wet sites. Best used with timothy and red clover in wet meadows or under irrigation. 
Natu rally escapes in wet sites, such as road borrow pits and along drainages, suggesti ng utility, but shorter 
lived and provides Jess cover and soil binding than white clover jn most situations. 
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QUreS1 Who 
.•. He clover (Trifoliu;n repens). Plant x 1 1/2; flower x4. (Flower after C. L. Hitchcock et al. 1961 .) 
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AMERICAN VETCH 
Vicia americana Muhl. ex Willd 

ORIGIN 

Native to northern United States; extends southward in western mountains. See map for distribution in th . 
U.S. e, 

SPECIES CHARACTERISTICS 

Cool season, perennial, herbaceous, leguminous forb. 

Stems angled to four-sided, trailing, ascending or climbing, 0.5 to 2.5 feet tall with 
spreading, sometimes shallow rhizomes. Leaves pinnate with small, dissected stipules and 
8 to 12 leaflets, linear to oval, variable in texture, hairiness, and apex; and terminated by 
simple, branched, or clasping tendrils. Inflorescence a loose raceme of up to 10 purplish 
pealike flowers 1/2 to 11/2 inches long, each producing a flat pod 1 to 11/2 inches long and 
containing two to several pealike seeds (1). 

Plants shallowly to moderately deeply rooted trom branched taproots and spreading rhizomes. Species 
polymorphic with at least three subspecies and numerous ecotypes. Reportedly short-lived in humid 
regions. Plants renew growth early in spring to early summer, varying with environment; flower from May to 
August; and mature about1 month later. Vegetative growth or regrowth continues almostsummerlong with 
available moisture at higher elevations; becomes semi-dormant at lower elevations. Species very palatable 
to domestic and wild herbivores (2,3). 

ECOLOGICAL RELATIONSHIPS 

Various ecotypes adapted to sandy, clayey, or medium-textured soils; usually more abundant in deep, 
porous loams rich in organic matter in western mountains; often more common in clayey soils, especially 
on plains and some foothill range sites. Soils vary from slightly acidic to moderately basic, or alkaline, and"; 
sometimes moderately saline. Species more abundant in the Douglas fir-aspen, Gambel oak, and 
ponderosa and lodgepole pine zones receiving over 14 inches MAP; also present in northcentral and prairie 
regions with over20 inches MAP. Ecotypes inhabiting plains and saline soil show strong drought tolerance. 
Strongly cold-tolerant stock found from plains to subalpine elevations; make sure any material used is 
adapted to area. Many mountain ecotypes are fully shade-tolerant; some other ecotypes are not shade
tolerant or are probably only weakly so. Species is classed as a decreaser; poor intolerance to graZing and 
trampling due to high preference for species shown by animals and vulnerabilityof its trailing stems. Good' 
fi re tolerance when dormant. Slow establish ment and growth rate and hig h palatabi lity probably depreciate 
species' compatibility and usefulness in mixtures without special management (2,3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/2 to 1 1/2 inches deep in coarser and finer textured soils or on moister and drier sites,. 
respectively. Drill enough seed in mixtures to produce desired or original percent composition on sites 
being seeded; usually 10 to 25 percent composition produced by drill ing 4 to 10 PLS per square foot (about 
3 to 8 pounds PLS per acre). Greater rates needed for harsh sites, including those eroding and saline Plant 
scarified seed before the g rowing season most favorable for quick germi nation and seedling establishment, 
usually in early spring; unscarified seed can be planted in late fall to help break seed dormancy. Large seed 
amenable to airplane seeding on rough. mountainous terrain. 

Seed Cleaning and Quality 

Seed collection methods not documented but most likely collectable by handstripping from native stands. 
Collected materials mechanically flailed and cleaned in a clipper cleaner Field grown stands should b~ 
harvestable like pea crops. Seed quality not standardized: purity should be 95 percent or better, 
germination at least 60 percent; PLS 57 percent or better; and 33,000 seed per pound (5). 



None. 

Germination and Seedling Characteristics 
;:.- 

Germination rated "good" with strains used in game range restoration in Utah but initial establishment and 
growth rate only rated "fair", suggesting somewhat weak seedling vigor and/or rate of spread (3). 

MANAGEMENT 

Species considered promising for revegetating open and depleted aspen game ranges, including burned 
over and thinned conifer areas in Utah. Genus also considered important for revegetating coal-mined 
lands, roadsides and critical site stabilization and beautification, and surface-disturb8d lands. Som8 
suppression of competition may be necessary before seeding and periodically afterward. Reduced 
stocking or withholding grazing will aid stand establishment. Good rangeand game management essential 
tor sustained benefits. 

ASSOCIATED SPECIES 

This polymorphic species occurs in diverse mixtures with prairie, mountain shrub, Gambel oaK, aspen, and 
pine and fir forests and associated park and meadow vegetation. 

PESTS AND DISEASES 

Seeds, foliage, and stands vulnerable to insect and rodent damage. Leaf spots, downy miidew, rust, and 
seed smut reported on plants but seldom of economic importance. 

IMPROVED VARIETIES 

REFERENCES 

(1)	 Hitchcock, C. L., A. Cronquist. M. Ownbey, and J. W. Thompson. 1961. Vascular plants of the Pacific Northwest 
Part III. Univ. of Washington Press, Seattle. 614 pp. 

(2) U.S. Forest Service. 1937. Range plant handbook. U.S. Govt. Print. Office, Washington. DC. n.p. 

(3)	 Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range In Utah. Utah DI\'. 
Fish and Game Publ. 68-3. Salt Lake City. 183 pp. 

(4)	 Thornburg. A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

(S)	 Eddleman, L. E. 1978. Survey of Viability of Indigenous grasses. forbs and shrubs: Techniques fo, initial acquisition 
and treatment for propagation in preparation for future land reclamation in the Fort Union BaSin Annual 
Progress Rep. Univ. of Mont., Missoula. 183 pp. 
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Figure 52. American vetch (Vicia americana). Piant x 1/2. 
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SASKATOON SERVICEBERRY 
Amelanchier alnifolia N utt. 

ORIGIN 

Native to hJorthcentral United States, Northern Great Plains, and Central and Northern Rocky Mountain 
States See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool season, clump-forming, deciduous shrub or small tree. 

Stems numerous, branching, ascending to erect, 3 to 15 feet tall, and growing from root 
crowns or short rootstocks. Young tWigs and buds hairy; leaves alternate, simple, oblong to 
nearly round, up to 1 by 2 inches in size, with margins toothed above the middle and 
somewhat hairy beneath. Flowers showy, in short, erect, clustered racemes, having five
lobed, bell-shaped cal yxes and five strap-shaped, white petal s about 1/2 inch long, beari ng 
red to purple diminutive applelike po me fruit, containing 4 to 10 dark brown seeds with 
leathery seedcoats (1). 

Plants sprout suckers moderately vigorously at base and clumps gradually enlarge. Roots well branched 
and both deep and surficial. Plants resume growth April to May, flower May to June, and mature July to 
September. Palatability fair to cattle, especially after midsummer; good palatability to sheep and to deer 
and elk, varying regionally, seasonally, and with associated plants. Fruit quickly consumed by birds and 

'. small mammals after ripening (2). 

ECOLOGICAL RELATIONSHIPS 

Species tolerant of most soil textures but thrives in deep, fertile, well-drained, medium-textured soils (3) . 
.. Commonly occurs in weakly acid to weakly basic soils but not tolerant of saline soilsand high water tables. 

Plants thrive in 16 to over 20 inches MAP zones of ponderosa pine and adjacent semi-shaded woodland and 
shrubland sites; also present in the 12 to 16 inches zone on moister sites; moderately drought-tolerant. 
Winter hardy; occurs from near sea level to about 9,000 feet in elevation in Rocky Mountains but probably 
has geographic races and ecotypes varying in hardiness when used beyond natural ranges. Good fire 
tolerance of native and established stands; recovers from sprouts in about 3 years. Moderately strong 
·tolerance to close browsing or defoliation. Compatible with other species in natural and seeded stands; 
sometimes more palatable when dwarfed by he rbaceous competition (2). 

CULTURE 

. !1anting Depth, Rate, and Time 

'Planl seeds 1/4 inch deep. Nurserymen seed this species at a rate of 25 PLS per foot of row (4). Reduce 
eeding rate to obtain desired or original composition on sites being restored or improved. Only 1/2 to 1 
PO~nd per acre recommended in game range restoration mixtures (2). Plant unstratified seed in late fall and 
~o~st preC~jlled seed in spring. Transplants or container stock should be planted as early as possible in 

ring. MOist soil, mulch, and partial shade enhance nursery propagation. Readily propagated in 
~eenhouse from softwood and root cuttings: stands can be established by transplanting seedlings or 
!U s~ry stock. Using older nursery stock may be advantageous on difficult sites. Bare-rooted stock 

,rvlved better than container stock in pine zone in South Dakota (5). 

Seed CI .
~nlng and Quality 

Ha
lrud~st gOOd seed crops as soon as ripe by knocking seed onto a canvas or into hoppers. Either macerate 

"lh InWater and wash over screens or clean in a Dybvig cleaner that separates pulp from seed when used 
POtit;~er, dry products, and reclean in a fanning mill (2,4). Seed quality not standardized: 95 percent
If .~~ 3~ percent or mOre germination: at least 57 percent PLS: and a mean of 61,000 seed per pound 

,000 to 113,000) (6). 
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Germination and Seedling Characteristics 

About half of quality live seed may germinate in 8. days under .ideal wowing conditions (6). Cold 
stratification recommended for 4 to 6 months. Germination IS eplgeal; I.e., the cotyled~ns act as the 
absorbers of the stored energy of the seed and are brought above ground (4). Seedlings exhibit good vigo 
but growth rate is somewhat slow. The species isslow in developing a forage supply and may notfloweran~ 
reproduce before 10 years or longer, especially on harsh sites (2,5). 

MANAGEMENT 

Species used primarily for limited game range restoration and wildlife plantings, occasional windbreak 
plantings, and fo r low mai ntenance or native plant la ndscaping, pri marily in mountain elevations. Reducing 
on-site plant competition and animal stocking, and separating slower and faster developing or less 
competitive elements from aggressive elements in seeding mixtures by planting them separately or in 
alternate rows, strips, or blocks, aids quicker and better stand establishment. Moderate browsing or 
defoliati ng with periodic closer use may induce greater twig production and keep the shrubs within reach of 
browsing and/or grazing animals. 

ASSOCIATED SPECIES 

Species nat urally occu rs mixed with big sageb rush (Arlemisia tridenta ta), Gam bel oak (Quercus gambelii) , 
pinyons (Pinus spp.), mountain snowberry (Symphbricarpos oreophifus ), quaking aspen (Populus 
tremufoides ), Douglas-fir (Pseudolsuga menziesii), and foothill and/or mountain forbs and grasses. 
Recommended in seeding mixtures for game range restoration on sunny exposures in the mountain brush 
type in Utah with a mixture of primarily cool season exotic and native grasses and forbs together with big 
sagebrush. rabbitbrushes (Chrysothamnus ssp.), four-wing saltbush (A/rip/ex canescens), antelope 
bitterbrush (Purshia tridentala) , golden currant (Ribes aureum), mountain-mahoganies (Cercocarpu5 
spp.), Mexican cliffrose (Cowania mexicana), green Mormon-tea (Ephedra viridis), and Woods rose (Rosa 
woodsii) (2). 

PESTS AND DISEASES 

Small mammals make liberal use of fruit, seeds, and herbage and are a hazard for new seedings, 
Grasshoppers and Mormon-crickets very infrequently reduce leafage. Periodic cicada infestations attack 
the plant, causing some loss in vigor. Cedar-apple (Gymnosporangium) rust causes early defoliation:, 
shoot dieback, and fruit malformations (7). Subject to fireblight (Erwinia spp.) . 

IMPROVED VARIETIES 

None. 

Utah serviceberry 
Amelanchier utahensis Koehne 

A shrub similar to A. alnifofia, with finely hairy green to golden-yellow, dry, persistent fruit with sm~!Jef. 
seeds; occupiesdrier ridge and slope habitats in ~ig sage~rush, juniper-pinyon,and aspen communltl: 
More abundant In the southern Great Basin. Species used In place of A. alnlfo/ia In seeding big sagebru 
and juniper-pinyon game ranges. Earlier grower and bloomer than associated species, good cattleforag~e, 
good to excellent sheep and goat browse; deer use chiefly in winter. Persistent dried fruit maybe: 
emergency food source for birds and small mammals. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press. Inc., Chicago, IL. 666 pp: 

(2)	 Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. utah Dl'J, 
Fish and Game Pub/. 68-3. Salt Lake City. 183 pp. 



(3)	 Thornburg. A. A. 1982. Plant materials for use on surface mined lands In arid and semiarid regions. SCS-TP-157: 
EPA-600-7-79-134. 88 pp. 

(4)	 Brinkman, K. A. 1974. Amelanchier. Serviceberry. Pages 212-215 ~ C. S. Schoprneyer, Tech. Coord. Seeds of 
woody plants In the United States. U.S. Dept. Agr., Agr. Handb. 450. 883 pp 

(5)	 Dietz, O. R .. D. W. Uresk. H. E Messner, and L. C. McEwen. 1980. Establishment, survival. and growth 01 selected 
browse species In a ponderosa pine forest. U.S. Dept. Agr., For. Servo Res. Paper RM-219 11 pp. 

(6)	 Vanes. K C. 1980. Growing Colorado plants from seed: a state of the art. Vol I. U.S. Dept. Agr., For. Serv. 
Gen. Tech. Rep. INT-103. 80 pp 

(7)	 FurnisS, M. M . and R. G. K rebil!. 1972. Insects and diseases of sh rubs of western big game ranges. Pages 218-226 
in C. M. McKell. J. P Blaisdell, and J. R. Goodin. eds. Wildland shrubs - their biology and utilization. 
iIs Dept. Agr., For Servo Gen. Tech. Rep INT-1. 494 pp. 
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Figure 53. Saskatoon serviceberry (Amelanchier alnifolia). Twig x 1/2; pome fruit x 2; flowers x 1/2. 



lEADPLANT AMORPHA 
Amorpha canescens Pursh 

ORIGIN 

Native to Great Plains and adjacent areas See map for distribution in the US. 

SPECIES CHARACTERISTICS 

Warm season, leguminous, perennial half-shrub. 

Stems several, upright, canescent and herbaceous, 1 to 4 feet tall from a woody base. 
Leaves odd-pinnate with 15 to 45 elliptic to oblong leaflets having abrupt toothlike tips. 
Inforescences several terminal spike/ike racemes, 4 to 10 inches long, with overlapping 
showy flowers having villous canescent, five-lobed calyxes and single violet purple petals 
(the standard), bearing small hairy one- to two-seeded pods (1). 

Attractive silvery gray shoestringlike foliage. Deep and branched root system absorbs moisture and 
nutrients mostly below level of grass roots, minimizing competition Plants resume growth about May 1, 
flower in late June and July, mature in August to September, and stay green until frost. Forage of good 
palatability and nutritive quality. Plants provide valuable cover and inCidental food for wildlife (2,3,4). 

I	 ECOLOGICAL RELATIONSHIPS 
~ 

Thrives in sandy to silt-textured soils. Tolerant of weakly acid to moderately alkaline and to weakly saline 
soils. Common in over 15 inches MAP zones; more productive in 18 to over 20 inches zone; found 
infrequently in moisture compensation sites with as little as 12 inches MAP. Strongly winter hardy but avoid 
using untested seed from distant southern or low altitude sources. Good drought tolerance. Seedlings 

..	 exhibit good shade tolerance and species grows in partially shaded ravines and open woodlands. Fire 
tolerance rated good in Utah and good in sandy plains sites when dormant. Intolerant to close grazing and 
defoliation; species usually reacts as a decreaser in upland prairies and generally has been thinned by close 
defoliation. Compatible with native prairie associates and tolerant ot grasses in seeded stands, particularly 
after satisfactorily established (2,5). 

CULTURE 

.Planting Depth, Rate, and Time 

Plant seed at depths two to tour times the thickness ot seed in humid zones in firm seedbeds and when 
.'seeding in spring; four times the depth in semiarid zones, sandy soils, loose seedbeds, and when seeding in 

.. fall. Plant 20 to 30 PLS per square foot for rare, full stands of this species. Usually only 1/2 to 1 pound PLS per 
acre is recommended for seedings in grass or grass-forb mixtures. Plant untreated seed in late tall or very 
early spring to induce good germination and scarified seed or seed otherwise treated to enhance 
ger~ination in spring. Species can be propagated by greenwood cuttings in early summer, hardwood 
~uttlngs in fall, or by layers or suckers. Transplanting success poor in prairie restorations, probably 
ecause competition not adequately reduced (3.4). 

_~ Cleaning and Quality 

~~rvest seed trom scattered native plants by hand-stripping trom terminal branches Mowing and 
!S~n~roWlng large patches recommended. Use mechanical flail, then double clean in clipper cleaner and 
20~oFblower Dry in containers at 41 0 F. Better germination can be induced by soaking in hot water{180 to 
pe~ ) for 12 hours and moist chilli ng at 4i 0 F for 30 days before pia nting. Seed quality not sta ndardizeo: 98 
", Cent pUrity; 30 percent germination or better; 29 percent PLS; and 165,000 seed per pound (6). 

erminat' 
~ and Seedling Characteristics 

·~s . .	 .Germi germinate In 14 days in laboratory testing 2nd in 20 days in the field cnder favorable conditions. 

. 
din~~tlon IS epigeal. Seedling vigor rated good In Utah: poor su?cess and slow stand development ot 

In prairie restoration studIes suggest only fair seedling vigor (7,8). 

181 



MANAGEMENT 

Species useful for wildlife and watershed cover, environmental and landscape plantings, and in grass 
seeding mixtures because of its nitrogen contribution to soil and diet Reduce competition by preparing 
firm, weed-free seedbeds and planting legumes separately or in rows alternating with grasses. Withhold 
grazing and control weeds by mowing above seedlings during establishment period. Graze or mow 
conservatively, leaving high stubble, and periodically defer late summer defoliation until fall dormancy for 
sustained cover and production improvement. 

ASSOCIATED SPECIES 

Species grows in native stands with big and little bluestem (Andropogon gerardii; Schizachyrium 
scoparium), prairie dropseed (Sporobolus heterolepis), heath aster (Aster ericoides), prairieclovers 
(Petalostemum spp.) and other tallgrass, true, and sand prairie species. Very infrequently seeded, inter
seeded, or transplanted on prairie sites with native warm season grasses. 

PESTS AND DISEASES 

Grasshoppers, leafhoppers, and small mammals may reduce stands and herbage supplies. Leaf spots, 
rusts, downy mildew, and Cytospora amorphae reported on plants but not considered serious. 

IMPROVED VARIETIES 

None. 

Indigobush amorpha 
Amorpha fruticosa L. 

A taller shrub commonly 6 to over 10 feet tall with growth form and appearance similar to sumac (Rhus 
spp.). More moisture demanding and less drought-tolerant than A. canescens. Better adapted to 
calcareous soils. nitrogen-fixing, and stimulating associated planted or pioneer herbs. Tolerant of pH as: 
low as 4.0; tolerant of moderate shade. Planted somewhat on central Illinois strip mined areas and more 
commonly in Appalachian Region. Seeded spring, fall, or winter; 1/2 to 1 pound per acre (seed in pods) for' 
wildlife food and cover and watershed protection; can be established by planting 1-0 seedlings and using': 
special inoculum Due to hard seeds, germination may be delayed until second or third year; stand 
establishment reported to be good but, due to slow growth, may take 3 years to attain 2 foot heights (9). 
Reportedly being direct seeded at 16 to 20 pounds per acre on northeastern highway cuts and fills; also· 
faster growing in northcentral Texas (10). 
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Figure 54. Leadplanl amorpha (Amorpha canescens). Flowering branch x 1/2: flower x 6; fruit x6. (Flower 
and calyx after Gleason 1963.) 
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SILVER SAGEBRUSH 
Artemisia cana Pursh 

ORIGIN 

Native to the intermountain West and adjacent Northern Great Plains. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

small, evergreen shrubs. growing in cool season but flowering in the warm season 

Freely branching stems. mostly 2 t05 feet tall, with silvery canescenttwigs and leaves: latter 
linear. mostly entire. occasionally toothed irregularly. Inforescence a narrow, leafy panicle 
with rayless small, Inconspicuous. composite heads in dense. crowded clusters. havi ng 5 to 
15 perfect disk flowers, bearing dry, ellipsoidal, achene fruit, covered with granules. 

Plants producing shallow to deep, well branched root system, sprouting at the base; some plants layering 
and some rhizomatous. Growth resumes in early spring, flowers in late summer, and matures in late 
summer to fall. Species highly aromatic. Low palatability to cattle; fair palatability to sheep; and good 
palatability to deer, elk, and antelope, especially in winter and when snow covers low growing vegetation. 
Important food and nesting cover for sage grouse (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species commonly occurs on most soil texture classes, except dense clays; probably more vigorous in 
medium-textured soil. Various subspecies grow well near mountain streams and meadows with moisture 
equivalent to over 15 inches MAP; on plains and draws in 12 to 15 inches; and onto semidesert sites with 
only 8 to 10 inches. Tolerant of weakly acid to moderately basic and weakly saline soils. Tolerant of 
imperfect drainage, high water tables. and flooding; tolerance varying somewhat by subspecies but some 
forms quite tolerant. Good drought tolerance. particularly subspecies other than viscidula. but species 
generally requires more moisture than big sagebrush (A. tridentata). Strong winter hardiness but probably 

. restricted to bands of latitude and elevation; be certain of adaptation before using plant material from 
habitats differing much from planting site. Somewhat intolerant of shade, usually grows in full sunlight. 
Good tolerance of close grazing and injury or severing of stems due to sprouting habit. More resistant than 
big sagebrush to fire, grazing, phenoxy herbicides, and mechanical control practices. Recovers from 

~	 burning in 2 years in Utah. Fairly compatible with other shrubs and grasses. especially after fully 
established (1,3). 

Elanting Depth, Rate, and Time 

'Plant seed on the surface or very shallowly; better germination reported with light and at temperatures 
and 86° F. Plant 10 to 20 PLS per square foot (0.5 to 1.0 pound PLS per acre) for full stands. 

;~pecles often seeded at reduced rates approximating original comp.osition on sites; e.g., usingO.10 pound 
L8 per acre. Rates should be doubled or further Increased for critical areas, steep slopes, and eroding 

... ,Wrfa?es. Because of tolerance to broad temperature range for germination, amenable to seeding almost 
·any time of the year when there is adequate surface soil moisture, such as fall, early spring, spring, or 

er (2). Hardwood cuttings, cultured in greenhouse and hardened before out-planting on surface 
.:~med soils, gave better stands and survival than direct seeding in Wyoming-Colorado investigations and 

more tolerant than other species to wildlife browsing (4). 

.
~anJng and Quality 

'~:ed can be harvested by hand-stripping or more rapidly by electric headcutters where flowerheads are 
'ha~e abundant. Clean by mechanically flailIng, in clipper mill, and in seed blower. Too intense flailing or 
qual~ermllling creates fragments similar in size and weight to seed and makes separation difficult. Seed 
_,frideln~ not. standardized: 90 per~ent purity may be possible (10 percent might be usable as in seeding A. 

ata),90 percent germination; 81 percent PLS: and 846,000 seed per pound (2). 
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Germination and Seedling Characteristics 

Seeds germinate rapidly without need for scarification or stratification; 50 percent germination' 2 
days under seed lab conditions (2). Seedling vigor generally only fair but rated good under ~n t06 
induced conditions in Montana study. Data from study indicate that seedlings will tolerate 1-month drought· 
(5). Species will take 3 years or longer to attain reproductive status. rOught 

MANAGEMENT 

Species used i~ see? mixtures for big game range restoration, h ighway sta~i lization and beautification, an 
to restore semlorlglnal vegetation on disturbed lands. Reduce competition In preparing a seedbed " d 
reduce ani mal stocking and weed competition during seedling establishment period Where feasible ~n~ 
be advantageous to plant sagebrush and grasses in separate or alternate rows, strip, or patches. Pr~cr~ 
good range, watershed, and game management to optimize investment and longevity of improveme~1Si 

ASSOCIATED SPECIES 

Species occurs with very diverse associates f:om western wheatgrass (Agropyron smith;i) and sedges 
(Carex spp.) and rushes (Juncus spp.) to big sagebrush (A. trldentala) and baSin wi/drye (Elym . 
cinereus), with many other grasses and some forbs in the regional complex of sites from Northern Gre':: 
Plains to intermountain foothills and mountains and adjacent Great Basin. 

PESTS AND DISEASES 

Small mammals, ants, and the Aroga moth menace seed, seedlings. and foliage or forage supply. No 
serious pathogens are known. Small areas of improved cover attract animals in concentrated numbersar:1'd,
jeopardize its permanence. 

IMPROVED VARIETIES 

None. 

Mountain silver sagabrush 
A cana viscidula 

Only about 3 feet tall, readily layering, greener than associated A. tridentata vaseyana, with variable leave~ 

entire to notched, occurs along mountain streams from southwestern Montana and northwestern Wyomi 
south along Continental Divide and southwestward into central Idaho, Utah, and Nevada. 

Silver sagebrush 
A cana can a 

Bears most of the characteristics of the species but generally has entire leaves which taper toward Qoth 
ends, is upright and coarsely stemmed, up to 5 feet tall, does not readily layer but will in favorablehabit~JS, 
and has rh izomes especially noticeable afte r fire. Th is subspecies reported to be more uniform in forlJ\.~d 
leaf type; occurs mostly east of the Conti nental Divide from Monta na south to Colorado. Strongly arorn~ le. 
smelling like turpentine. 

Bolander silver sagebrush 
A cana bo/anderi 

A low, rounded shrub; thickly branching; erect or spreading; readily layering, with numerous vegeta .v:,. 
sprouts, wh ite stems and flowering stems; and tomentose to gray-green, linear to variously notched, I~avei 
Bolander sagebrush occupies alkaline soil habitats in Oregon and California and is rarely presen 

western Nevada (1). 
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Figure 55. Silver sagebrush (Artemisia cana). Plant x 1/5; leaves x 1; flowerhead x 5; achene x 5; flower x5. 
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FRINGED SAGEWORT 
Artemisia frigida Willd. 

ORIGIN 

Native to western North America and to Eurasia. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Cool season, half-shrub, flowering in late summer or fall. 

Stems annual, spreading to erect, growing from a short, branched, woody perennial base, 
1/2 to 1 1/2 feet tall. Basal leaves densely crowded, rosettelike, and semievergreen in milder 
climates; silvery hairy, aromatic, and finely divided into linear segments, sparser and less 
finely divided on stems. Inflorescence a narrow panicle or reduced raceme with numerous 
small, globe-shaped, white-hairy, drooping, composite heads of small yellow tubular 
flowers, profusely pollen-producing, smelling like camphor, and bearing dry, hairless 
achene fruit in the hairy receptacles (1). 

Plants with moderately deep, branched taproots; sometimes with fine roots where spreading stems contact 
soil, a process called layering. Plants resume growth in very early spring or late winter in cold temperate 
climates but stay green at base in milder climates; floyver in late summer or fall; and mature seed in fall. 
Rated good to fair or poor palatability, varying regionally and seasonally, for livestock and big game 
animals; fairly nutritious in winter (2,3). 

ECOLOGICAL RELATIONSHIPS 

Species commonly occurs in a wide range of soils that are coarse to medium-textured, well drained, 
relatively dry, and often thin, rocky, or gravelly. Tolerant of weakly acidic to moderately basic reacting soils 
and to weak soil salinity. Great range in moisture tolerance, favored on drier sites in the 8 to over20 inches 
MAP zones, and somewhat more prominent in the intermediate 12 to 16 inches zone. Abundance usually 
somewhat greater in open communities, disturbed soils, and for several years following a year receiving 
good moisture coinciding with the normal flowering/fruiting period. Good drought tolerance of both 
seedlings and mature plants. Fair shade tolerance; thrives in open, exposed sites but grows fairly well in 
partial shade of shrublands and woodlands Cold-tolerant stock; probably limited more by heat at lower 
altitudes and latitudes. Use sources of seed from habitats simila r to seeding site. Wildfire generally kills 
some plants and sometimes most plants but species recovers in about 3 years. Species often responds as 
an increaser on plains grassland ranges grazed by cattle and shows good tolerance to close graZing by 
domestic livestock. Well used by deer in winter and by antelope for longer seasons; might respond as 
decreaser with concentrations of such animals. Species rated moderately competitive and shows good 
compatibility with associates in a variety of plant communities and sites (2,4). 

CULTURE 

!:!..anting Depth, Rate, and Time 

Surtace seeding beneficial because light induces greater germination where surface moisture assured; 
e..g., with irrigation or Where snowmelt extends for a few weeks. Otherwise, seeding at.-depths 4 times 
diameter of seed advised. No experience with rate reported; because it assumes bunch form similar to 
grass, recommend trying 20 to 30 PLS per square foot (about 0.2 to 0.3 pound PLS per acre) for full stands; 
Usually orrly a fractional rate used for game range or native vegetation restorations (e.g., 1 ounce PLS per 
acre). Plant when soil temperatures are below 50° F; e.g., in late fall or early spring or just before the reliable 
.surface soil moisture period that overlaps 2 months of 40° to 50° F surface soil temperatures (5). Montana 
study had better germination at 50° F but best results in New Mexico study were at62° F, strong ly ind icati ng 
ecOtypic variations (6,7). 

~Ieaning and Quality 

,~arvest seed by stripping or rUbbing into containers or, where heads are well extended, use electric 
~adcutters. Clean by hammermilling or mechanically flailing; reclean in fanning mill. Small lots may be 
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sifted with a fan blowing off other plant material. Seed quality not standardized: 10 percent purity 
acceptable in Utah game range restorations; 73 percent germination (PLS basis) obtained at 50 0 F; and 
4,136,000 seed per pound (4,5). 

Germination and Seedling Characteristics 

About 50 percent of the seeds germinate quickly in 5 to 12 days in lab tests but the others germinate more 
slowly over a 30-day period. Seedlings withstand short term drought very well and show moderate 
competitiveness and vigor. Three year establishment period needed for plants to reach flowering under 
dryland conditions. 

MANAGEMENT 

Limited use made of species in game range seeding mixtures, highway seedings, and for landscaping. 
Reduce competition in preparing seedbeds, reduce stocking of animals, and control aggressive weeds 
during establishment period. Separation of strongly competitive species in seeding mixes by planting them 
separately or in alternate rows with leg umes or forbs usually benefits stand establish ment and persistence. 
Moderate animal stocking and planting with native species minimize maintenance. 

ASSOCiATED SPECIES 

Species occurs mixed with blue grama (Boute/oua graci/is), needle-and-thread (Stipa comata), mountain 
muhly (Muh/enbergia montana), true mountain-mahogany (Cercocarpus montanus). ponderosa pine 
(Pinus ponderosa), big sagebrush (Artemisia tridentata), and with other shrubs, forbs, and grasses. Can be 
seeded with nontree members of its many native habitats or with selected browse and herbaceous species 
that are more useful for specific improvement purposes. 

PESTS AND DISEASES 

Small mammals may damage new seedings. Grasshoppers dislike plants; in one North Dakota test, caged 
grasshoppers starved without ingesting any fringed sage herbage. Only two minor fungi reported on 
foliage. Meager data suggest it may be a very resistant species. 

IMPROVED VARIETIES 

None. 
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:~i~~r~. 56. Fringed sagewort (Artemisia frigida). Plant x 1/3; leaves x 1 1/2; disk flower x 5; outer 
c IOnally ray) flower x 5; tlowerhead x 5. 
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BLACK SAGEBRUSH 
Artemisia nova Nelson 

ORIGIN 

Native to intermountain West and adjacent areas. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Semievergreen, persistent leaved, aromatic, low shrub. 

Numerous vegetative branching stems from decumbent spreading main branches, in
frequently erect, mostly 1/2 to 2 feet tall. Vegetative leaves aboutO.6 inch or less in length, 
fan or wedge-shaped, and typically oily and dark green to greenish-yellow, but sometimes 
canescent, with a three-lobed apex shallowly to sometimes deeply lobed and becoming 
sparser, smaller, and linear up the flowering stems. Flowering stems tew to many, erect, 
commonly about 1 foot long, drying a bronzish-brown, and persistent a second year. 
Inflorescence a narrow, elongated panicle with short, erect branches. Flowerheads borne 
single, occasionally clustered; involucres oval, becoming bell-shaped with age, with 
typically three to five small disk flowers maturing to dry achene fruit (1,2). 

Not stump sprouting or layering. Moderately deep and extensive, well-branched, generalized root systems. 
New growth resumes in late April, heading in July, flowering in September, and fruit maturing in October in . 
Wyoming. Fairly good palatability, particularly to deer and antelope, but palatability to livestock varies' 
among ecotypes or biotypes and with season and associated vegetation (2). 

ECOLOGICAL RELATIONSHIPS 

Common On relatively shalloW, rocky, and sometimes calcareous soil/sites, usually in well-drained, 
medium-textured soils. Intolerant of wet sites and shallow water tables. Present on neutral to moderately 
basic and on weakly sali ne soi Is. Stro ng drought tolerance. Present in the 6 to 20 inches MAP zones; more 
abundant or thrifty in intermediate MAP zones. Local sources winter hardy but some frost sensitivity to be 
expected in seedlinas from southern, low altitude, or unthrifty seed sources or strains. Latitudinal range 
from northern New Mexico and Arizona to Oregon and Montana; extends from about 4,000 feet to over 
8,000 feet in elevation. Weak shade tolerance and only vigorous in exposed sites in open shrublands and 
woodlands. Fire-intolerant but fires uncommon in its habitat due to open communities and low volume of 
herbaceous fuel. Poor grazi ng tolerance associated with palatabil ity and weak sprouti ng habit. Established 
plants exhibit good competitiveness, indicating fair compatibility with most associates (2,3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Plant achenes 1/4 inch deep. About 100 PLS per square foot used in nurseries to obtain about 50 seedli ngs 
per square foot in optimizing limited space and intensive culture; 1 t02 PLS per square foot should prove an 
adequate rate on rangelands under ideal groWing conditions. Comparing planting site conditions and 
survival expectancy with that ideal standard suggests that 10 to 20 PLS per square foot (1/2 to 1 pound PLS 
per acre) might be adequate drill rates for full stands on average rangeland sites. Higher rates needed when 
broadcasting and when seeding severe, erosive, and critical sites. Species more commonly used as minor 
element in seed mixtures for range revegetation, partly due to limited seed supply. Plant either in late fall 
and winter or use seed pretreated to enhance germination (i .e., placed in moist blotters at 32 0 to 38 0 F for 1a 
days) in spring (4,5). 

Seed Cleaning and Quality 

Harvest seed (achenes) by shaking, beating, rubbing, or stripping into containers Clean collections by 
hammermilling and, jf necessary, fanning and screening. Seed quality not standardized: 10 percent purity 
and 80 percent germination acceptable in Utah game range work; 85 percent average germination (25 
samples); and 907,000 seed per pound (4,5,6). 
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~ermination and Seedling Characteristics 

Some achenes germinate rapidly in a few days, others not until 90 to 100 days in lab tests. Ratings offair 
establishment, good rate of growth, and very good final stand establishment in Utah game range 
revegetation evaluations indicate good seedling vigor (4,5,6). Seeded stands flower in 4 years in Utah with 
favorable site and growing conditions (7). 

MANAGEMENT 

Species optionally included in seed mixtures for revegetating big game ranges in shadscale and mountain 
brush types in Utah; shows potential for use in stabilizing disturbed lands and revegetating livestock 
ranges. Remove competing vegetation prior to or when planting seed or plants and reduce animal 
populations of both wildlife and livestock during seedling establishment. Planting seed in rows separate 
from herbs may improve stand establishment of both components in seed mixtures. Maintenance of 
moderate animal stocking necessary for sustained benefits from revegetation programs (4). 

ASSOCIATED SPECIES 

Shadscale saltbush (A triplex confertifolia, big sagebrush (A rtemisia tridentata). wi nterfa t (Ceratoides 
lanata). bottlebrush squirreltail (Sitanion hystrix) , galleta (Hi/aria jamesii), and sandberg bluegrass (Poa 
secunda) commonly associated with black sagebrush. Species occasionally mixed in complex grass, forb. 
and shrub seed mixtures that include both exotic and native species adapted and useful for game range 
revegeta ti 0 n. 

PESTS AND DISEASES 

Sagebrush moth (Aroga websteri) periodically defoliates and kills plants; a leaf miner (Bucculatrix 
tridenticulata) , larvae of Trirhabda spp. beetles, and grasshoppers infrequently damage stands. Browsing 
can prevent stand establishment and damage stands (8). 

IMPROVED VARIETIES 

None. Variations in species should be amenable to improvement by selection and breeding. 
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Fig ure 57. Black sagebrush (Artemisia nova). Plant x 1/3; leaf x 21/2; achene x 5; flower x 5; flowerhead x5. 



BIG SAGEBRUSH 
Artemisia tndentata Nutt. 

ORIGIN 

Native to Intermountain West and adjacent areas. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Small to medium-sized, cool season, evergreen shrubs. 

Flat to irregularly crowned plants, commonly 2 to 5 feet taIlor taller; crown composed of 
many short, spreading branches, growing from a stout, twisted, woody trunk, sometimes 
split with age. Twigs and leaves silvery canescent. Leaves 1/2 to 1 1/2 inches long, narrow, 
more or less wedge-shaped, three-lobed or three-tipped at apex but leaves in panicles often 
entire. Inflorescence paniculate or racemose, sometimes spikelike, of short-bracted heads 
with 2 to 15 miniature disk flowers producing dry granuliferous achenes enclosed in calyx 
tube fibers which readily attach to animal fur and help to spread seed (1). 

polymorphic species with several subspecies and forms. Three subspecies (and several forms) recognized: 
(1) A. tridenta ta triden tata; avera ges the ta IJest; with si ng Ie t ru nk; i rreg ula r, round crown; la rge r panicles; 
long narrow leaves with shallow lobes and straight margins, giving a V-outline to leaf; (2) A. tridentata 
wyomingensls; Wyoming big sagebrush; usually 3 feet or less in height; irregular round-crowned; trunk 
divided at base; and shorter, wider leaves more deeply lobed and flared margined, appearing somewhat 
bell-shaped in outline; and (3) A. tridentala vaseyana; mountain big sagebrush; distinctively flat-crowned, 
with inflorescences only arising from tips of upper branches; shorter and narrower racemose panicles; 
proportIonately wider leaves than the basin form, broadest just below the lobes; and maturing early. The 
species generally has a deep, well-branched root system; often hourglass-shaped in transverse outline; 
with a near-surface concentration, more pronounced in the Wyoming subspecies; and a deeper 
concentration, often about 3 feet or much deeper. Lateral spreads of 10 to over 16 feet have been recorded. 
New leaf activity starts in March and April; flower buds become visible in July or August; flowers between 
August and October; with seed ripening between October and January, varying by subspecies, ecotype, 
and environment. Palatability highly variable by sagebrush subspecies and biotype, environment 
(inclUding associates and seasons), and animal species; generally poor palatability for cattle and fair 
palatability for sheep; palatability sometimes better, especially in winter; generally fair to good palatability 
for deer and antelope, particularly with mountain and Wyoming subspecies. Valuable nesting cover and/or 
food for sage grouse and small mammals (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species va riably ada pted to moderately deep, well-d rained, near-neutral, salt-free soils in 8 to 16 inch MAP 
zone, but sometimes occurs in 20 inches zone. Habitat adaptation and preference varies by subspecies. 
Basin subspecies common in alluvial and residual floodplains. basin and valley sites in lowest precipitation 
zones on deep well-drained sandy to clay loam textures near neutral to moderately basic and only weakly 
saline soils, mostly below 7,000 feet in elevation. Wyoming subspecies on shallower, lower slope orfoothill 
benchland sites with thinner, variably coarse to fine-textured soils in intermediate precrpitation zones but 
often drier due to shallow and exposed soil/sites. Mountain subspecies on upper slopes, in mountain parks, 
and higher benchlands with medium to coarse soils of intermediate depth: greater precipitation, mostly in 
the form of snow. Species highly drought-resistant, less so in seedling stage. Mature plants generally 
winter hardy but seedlings sometimes frost sensitive, demanding use of adapted materials from similar 
habitats. Much variation to be expected in tolerances to moisture, winterkilling, and salinity. Fire-intolerant 
species but usually reinvades either from seed reserves in soil or from peripheral plants. Poor shade 
tOlerance and only fair grazing tolerance, especially when rarely grazed closely in summer. The species is 
qUite competitive when firmly established and. for that reason. is only fair in compatibility with grass and 
forbs (3,4). 
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CULTURE 

Planting Depth, Rate, and Time 
None, 
'plant JEither broadcast seed on the surface or plant at very shallow depth of about 1/4 inch. light f 

germination of basin-form, and seed will not emerge from 1 inch depths. limited benefit of light note~v~rs 
other two subspecies. One-forth to 1/2 pound per acre or double these rates recommended fordrillin With REFEI 
broadcasting seed in mixtures on sagebrush-adapted but depleted Utah game ranges. Plant either in s~ ~nd 
fall, or winter. Moist chilling seed treatment may be of benefit when planting the spring after seed ha nng .(1) Be 

(3,5,6). rves 
(2) Wi 

Seed Cleaning and Quality (3) PI 

Adapt seed harvesting method to local conditions; can shake, beat, hand-strip, or rub seed into containerll;
 
or use electric headcutters with heavier seed crops. Clean either by hammermilling or by mechanicall . :(4) D:
 
flailing, followed by recleaning in fanning mill with or without seed blower. Seed quality not standardizeJ
 
10 percent purity usable in Utah game range restorations, better than 50 percent should be Possible; 551
 '(5) V 
percent germination commonly attained with basin subspecies, and some lots attain 90 percent for all 
subspecies; 2,520,000 basin, 1,760,000 mountain, and 1,215,000 Wyoming subspecies seed per pound 
(5,6,7). . (6) [ 

Germination and Seedling Characteristics 

Fifty percent of viable seeds germinate within 4 to 9 days under ideal lab moisture and temperature 
conditions, but the other seeds take 30 days or longer to germinate. Field germination occurred between 
February 1 and April 30 in interior Pacific Northwest sites. Seedling vigor weak in preliminary drought 
stressing tests with Wyoming subspecies in Montana and seedling growth of basin subspecies in 
Washington was slower than associated perennial and annual species. In Utah game seedings, species: 
grows relatively rapidly and plants may mature in 4 years; transplants mature and spread from seed in3 t07' 
years (3,5,6,7). 

MANAGEMENT 

Species is included in game range restoration seed mixtures for mountain brush, juniper-pinyon, and opel:) 
aspen types in Utah; included in highway plantings in Nevada; and recommended for landscape purposes 
in intermountain West. Wilding and seedling transplants are more quickly established for soil stabilization 
purposes; e.g, gullies, mine spoils, and eroding hillsides. Prepare seedbed and reduce competition before
or during seeding, reduce animal stocking, and control aggressive weedy growth where feasible during' 
establishment period. Topsoil replacement and/or fertilization to correct tested soil deficiencies may be 
necessary on disturbed sites. Irrigation may ensure good establishment. Moderate stocking of wild and 
domestic animals is essential for continued benefits. 

ASSOCIATED SPECIES 

Species occurs most commonly with cheatgrass brome (Bromus tectorum), species of rabbitbrush 
(Chrysothamnus spp.), bluebunch wheatgrass (Agropyron spicatum). Idaho fescue (Festuca idahoensis)" 
bottlebrush squirreltail (Sitanion hystrix) , thickspike wheatgrass (A. dasystachyum), several species of 
needlegrass (Stipa spp.). antelope bitterbrush (Purshia tridentatal, arrowleaf balsam root (Balsamorhiza 
sagitta ta), and several species of ph lox (Phlox spp.) and Iupi ne (Lupin us spp) It is seeded in com plex gra~s. , 
forb, and shrub mixtures for game range purposes with exotic and native species or more commonly with, 
mostly native species on disturbed lands to restore a semi-original cover. 

PESTS AND DISEASES 

The Aroga moth periodically defoliates or destroys plants in lowland areas. Jackrabbits also defoliate 
young plants. Leaf spot, rust, and black knot occur on plants and pale bastard toad flax (Commandra 
pallida) and cancer root (Orobanche fasciculata) are parasitic on roots (6). 
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IMPROVED VARIETIES 

None, but ecotypes and biotypes 01 superior palatability are under investigation, and breeding of improved 
plant materials is considered feasible. 
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FOURWING SALTBUSH 
A triplex canescens (Pu rsh) Nutt. 

ORIGIN 

. Native to Great Plains, Southwest, and Intermountain West. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Warm season, medium-sized, deciduous to persistent-leaved or evergreen shrub. 

Stems stout. loosely branched, spreading to erect, 1 to 5 feet tall with whitish tWigs, hairy 
when young. Leaves alternate, simple and entire, elliptic to oblanceolate, gray-scurfy 
(canescent), up to 2 inches long with rounded ends. Mostly dioecious but infrequently 
monoecious: yellow to reddish staminate flowers clustered in dense spikes of terminal 
panicles: pistillate flowers inconspicuous and axillary, consisting only of pistils surrounded 
by two united bracts with conspicuous, papery four-wings and appearing like burs, about 
1/2 inch In diameter (1). 

polymorphic species with marked gradations in plant size and form, leaf shape, and fruit characteristics, 
including both production and viability. Very deep, up to 20 feet, extensive, and branched root system. 
Plants sometimes root sprout and layer. Leaves evergreen in milder climates Growth resumes in spring to 
early summer in Upper Sonoran and higherelevation zones and with summer rains in Lower Sonoran zone; 
flowers in May to July and July to August in the above zones, respectively; utricle-type fruit matures 3 to 4 
months after flowering. Good palatability to livestock, deer, and Barbados sheep in all seasons; fair 
palatability to antelope all seasons; and good palatability to elk in fall and winter. Cyclic herbage 
consumption sometimes noted, possibly related to saltiness of herbage. Nutritional qualities and growth 
characteristics make winter use particularly advantageous. Rarely causes scours, bloat, and anemia. 
Valuable forage and cover for pheasants, quail, and cottontail rabbits (2,3). 

ECOLOGICAL RELATIONSHIPS 

- Species adapted to most soil textural groups. Native stands moreabundant on weakly to strongly basic and 
. moderate to strongly saline soils and less abundant on sodic soils. Epidermal trichomes ("scurf") serve as 

• salt "sinks" and increase plant's salt tolerance; salts periodically washed off, increasing soil salt content. 
Atrip/ex spp. tolerate considerable boron. Intolerant of high water tables and protracted late winter 

:'f1ooding, but occurs in valleys and floodplains infrequently flooded either in winter or summer Common 
Occurrence in 8 to 15 inches MAP zones, particularly on calcareous soils; may occur infrequently with less 
or more MAP. Remarkably drought-tolerant and often remains green and actively growing when surface

. rooted species are drought-dormant. Good cold tolerance of local sources and ecotypes but variable by 
,geographic races and ecotypes with seedlings often frost-sensitive. 

Use nearby seed sources or sources that are north of planting sites (4). Species occurs from about 1,000 
feet above sea level to 8,500 feet in elevati on in sovthweste rn Colorado. Species mostly shade-tolerant but 

.;.So~etimesfound in open woodlands. Well-established plants moderately competitive and compatible with 
:,Datlve grasses. Good tolerance to wildfire; some plants sprout from crown and occasionally from 
~ootstocks or layers. Moderate grazi ng resistance but usually reacts as a dec reaser and suffers stand losses 
rom continued overgrazing, particularly close grazing during the growing season (3,5,6) . 

• CULTURE 

;~g Depth, Rate, and Time 

,P~~~t seed ~/2 to 3/4 inch deep in well-prepared seedbeds: use shallower depth with moister and finer 
lIT) Ured soils; use the deeper placement for dry, loose, and coarse-textured soils. Mulching usually 
~poProves seedling emergence and survival. Seed 4 to 8 pounds per acre of dewinged seed and 8 to 15 
Vihunds of winged seed for pure stands :n favorable to less favorable habitats or site conditions (4) and 
. en Planting or broadcasting, respectively. Reduce rate to desired or original fraction of the cover on 
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planting sites whe n seeding in mixtures; 1/2 to 5 pounds per acre rates used in 10 t030 pounds per acre t t 
seedings in Utah game range restorations, the higher rates in blackbrush type and when broadcasting ~/al, 
to 2 pounds per acre rates more commonly used on shadscale saltbush, black greasewood, big sagebr~ 2 
mountain bru,sh, and juniper-pinyon types. Sp ring 0 r midsummer seedings genera,lly more Successful th~~' 
fall seedlngs In the Southwest. Often seeded In mixtures sown In late fall or winter In Utah. TransPlantin.n. 
an effective method of establishing stands on small critical areas. Transplanting is done in spring ..;.;~ 
damp soil conditions, either by hand in prepared seedbed or in water-concentrating furrows or basi~s I ", 

by using scalper and transplantor, carefully hand-fed, keeping stock moist and avoiding "J-roots" (4:6~~ 

Seed Cleaning and Quality 

Harvest .seed by shaking or hand-stripping into bags, baskets, oronto canvases: Also can be collected bi 
vacuuming, Process seed In hammermlll run at 1,500 rpm and equipped wIth 1/4-lnch wire mesh; reclean in 
a fanning mill to desired grade. Seed quality not standardized: acceptable purity95 percent; germination 
highly variable; e.g., CA seed 44 percent in 30 days, NM seed 70 to 94 percent in 30 to 34 days, UT seed 53' 
percent in 50 days; 52,000 (mean) dewinged seed per pound and 25,000 intact seed per pOund (7). 

Germination and Seedling Characteristics 

Highly variable in germination characteristics from different sources, years, and position on plants. Seeds 
undergo afterripening for about 10 months after freshl" harvested. Dewinging seed in hammermill hastens 
germination. Optimum temperature for germination of New Mexico sources 55° to 75° F. Moisture stress 
decreases and delays germination; seeds fairly tolerant of 7 atmospheres moisture stress with optimum 
between 1/3 and 2 atmospheres. Seedli ngs sta rt emergi ng in 6 to 10 days and complete emergence in 12 to 
20 days under nursery conditions. Better growth reported from soils of typical habitats than in nurserysoil 
mixes. Nursery plantings begin reproducing by end of second growing season (counting late summer of . 
planti ng year as one growing season). Requi res 3 years or more for establ ish ment and reproduction under. 
rangeland conditions (4,6). 

MANAGEMENT 

Species used in game range restoration, range reseeding, and windbreak plantings: considered promising 
for disturbed land reclamation, particularly on surface coal mines. Reduction of competition during 
seedbed preparation, including scalping or furrowing, withholding grazing and reducing animal stocking' 
(game, rabbits, and rodents), and controlling aggressive weeds during seedling year increases establish-' 
ment and survival. Moderate stocking and Winter grazing or periodic deferment until after seed maturity 
when summer grazed increases sustained herbage production and saltbush populations Irrigation and. 
mulching may be necessary for satisfactory survival of seedlings or plantings on minesoils and critical' 
sites. 

ASSOCIATED SPECIES 

Species commonly associated with blue grama (Boute/oua graci/is), galleta (Hilaria jamesii) , black grama 
(B. eriopoda), alkali sacaton (Sporobolus airoides), inland saltgrass (Oistichlis spicata stricta) , rubber 
rabbttbrush (Chrysothamnus nauseosus), black greasewood (Sarcobatus vermlculatus), blackbrusl1 
(Co/eogyne ramosissima) , black sagebrush (Artemisia nova), and bluebunch wheatgrass (Agropy:on 
spicatum). Due to ease of establishment, species commonly planted with these native species butalso lna 

variety of complex mixtures, including grasses, legumes, forbs, and other shrubs, often including some 
exotic species and a few trees for disturbed areas. May also be used as a shrub row in m ultirow windbreakS; 
or seeded in one or two row strips. 

PESTS AND DISEASES 

Rabbits and rodents more serious enemies of plants than grasshoppers; latter are problems only in 
cotyledon stage. Repellents may improve survival. Fungicidal seed treatment partially controls pathOgens 
on seedlings (4). 
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IMPROVED VARIETIES 

'Wytana', a dwarf form suitable for row planting and mechanical harvesting, is adapted to Montana, eastern 
Wyoming, and the western Dakotas. 'Wytana' has strong seedling vigor and has been used successfully on 
mine spoils and in range seeding mixtures at 1/2 pound per acre of dewinged seed. 'Marana' has been 
released in California; an improved strain may be released soon from New Mexico or Arizona. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants ot Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

(2) U.S. Forest SerVIce. 1937. Range plant handbook. U.S. Govt. Pnnt. Office, Washington, DC. n.p. 

(3)	 Shaw, A. F., and C. S. Cooper. co-chairmen. 1973. The interagency forage, conservation, and wildlife handbook. 
Mont. State Univ. Ext. Serv.. Bozeman. 205 pp. 

(4)	 Springfield, H. W. 1970, Germi nation and establishment of fourwing saltbush in the Southwest. U.S. Dept. Agr., For. 
Serv. Res. Paper RM-55. 48 pp. 

(5) Thornburg, A. A. 1982 Plant materials for use on surface mined lands in arid and semiarid regions, SCS-TP-157; 
EPA-oOO-7-79-134. 88 pp 

(6)	 Plummer, A. P., D. R Chnstensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish and 
Game Pub!. 68-3. Salt Lake City. 183 pp. 

(7)	 Varies, K. C. 1981. Growing Colorado plants from seed: a state of the art. Vol. I: Shrubs. U.S. Dept. Agr., For. Servo 
Gen. Tech. Rep. INT-103 80 pp. 
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Fig ure 59. Fourwing saltbush (A triplex canescens). Twig x 2/3; utricle fruit x 1/2. (Growth form after Elmore 
1976.) 
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NUTTALL SALTBUSH 
Atflplex nutfallii 

ORIGIN
 

Native to intermountain West and adjacent areas. See map for distribution in the U.S.
 

SPECIES CHARACTERISTICS 

Warm season, small, suffrutescent half-shrub. 

Stems annual, semierect, 1/2 to 2 feet tall, from a woody, branching, decumbent base. 
Plants often wider than tall. Leaves up to 2 inches long, typically gray-green to green, 
variably shaped from narrow elliptic to spatulate or obovate. rounded at apex. Mostly with 
sexes in separate plants (dioecious), but some plants monoecious. Staminate flowers 
densely clustered in terminal spikes or narrow panicles. Fruiting bracts thick, united, 
dentate at summit and sides, with smooth to tuberculate faces (1). 

Plants have shallow to moderately deep, well branched root systems; some plants root sprout and layer. 
Plants somewhat persistent-leaved Plants flower from May to July, and fruits mature from August until 
November. Good palatability for livestock, particularly sheep and deer in winter; fair palatability for 
antelope. Some use is made by elk during fall and winter (2,3). 

ECOLOGICAL RELATIONSHIPS 

Adapted to medium to fine-textured soils but tolerant to all but extremely erosive sands or dense clays. 
Common in moderate to strongly saline soils but some ecotypes occupy salt-free habitats. Present in warm 
to cool deserts with over 5 inches MAP, but grows more vigorously in the 8 to 12 inches zone Generally 
cold~tolerant but tolerance varies among ecotypes and sources; may show some frost sensitivity, 
especially in seedling stages. if imported from warmer zones. Fires rarely carry in its habitat due to lack of 
fuel; species resistant due to succulence; strongly root sprouts after burning. Greatly reduced in vigor and 
ultimately in stand by close, continuous grazing during the active growing season. Somewhat weak in 
compatibility and competitiveness due to slow rate of growth and low-growing stature (2.3,4.5). 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed 1/2 inch deep or up to 1/4 inch shallower or deeper in mOister, firme r, and finer textured soils or 
in coarser and drier soils, respectively. Satisfactory stands obtained using 20 pounds per acre (bulk seed) 
orabout7 pounds PLS per acre in Montana (5); increase rate for broadcasting and stabilizing severe sites 
and reduce rate proportionately to fraction of cover desired or normal in mixtures on planting site. Fall and 
early spring or later planting dates used with effective moisture for establishment. Transplanted stock 
should be planted in early spring. immediately after spring thaw and may be the better method of 
establishment on difficult sites (2,5,7,8). 

~ed Cleaning and Quality 

Harvest seed by shaking or hand-stripping into containers or onto canvas; can also be vacuum harvested 
When fUlly ripe. Process seed by hammermilling and clean to desired purity by fanning. Seed quality not 
standardized: acceptable purity 90 percent; germination 35 percent; PLS 32 percent; and seed average 
114,000 per pound (5,7,8). 

~mination and Seedling Characteristics 

~e;ds germinate slowly over a 50-day period; half of seeds moist-prechi lied for 1 or 2 months germi nated at 
a to80°F in 2 days in Montana lab tests. Considerable variation in germination capacity and temperature 

responses of geographical strains Results of field plantings in California chaparral zone rated growth of 
one A. nuttallii source very slow and of A. gardneri fair. Sown plants of latter species were very much 
smaller than A. canescens at end of first season in other tests. Marked variation among seed sources in 
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seedling vigor and first year stand establishment noted in initial evaluation plantings on dryland mini 
sites in Wyoming. Seedling vigor rated good in Utah, and plants matured in 3 years (5,7,8,9,10). ng 

MANAGEMENT 

Slow growth and establishment restrict use .of species to harsh saline salt desert sites where few other 
plants are adapted. Control of plant competition before and dUring establishment IS essential to obtain 
successful sta~ds. Better.standsand survival in mined land reclamation obtai ned by seeding grass separate 
from this species (6). Withholding grazing and redUCing small and large mammal populations improve 
stand survival. Leaching of excess sodium from surface soils, ripping of dispersed soils to improve 
structure, fertilization and irrigation, and supplemental mulch may be necessary for good establ ishment on 
severe sites. Transplanted seedlings or wildings require watering at time of planting and either water-. 
retai ning basins or fu rrows for good survival. Fencing of critical sites and moderate stocki ng on established 
stands are prerequisites for survival and sustained cover and production. 

ASSOCIATED SPECIES 

Species naturally occurs with salt desert vegetation inclUding shad scale saltbush (Atriplex confertifolia),
 
winterfat (Cera toides fanata), black g reasewood (Sarcobatus vermiculatus), and in land saltgrass (Dis

tichlis spicata stricta). It is included in complex grass-forb-shrub mixtures for game range restoration
 
in the inland saltgrass and black greasewood sites in Utah. It has been included and rated fair in
 
experimental evaluations of succulent, high mineral-content plants for use as natural fire suppressants in'
 
chaparral openings.
 

PESTS AND DISEASES
 

Rodents are potential menaces to seedling stands. No significant diseases noted in records.
 

IMPROVED VARIETIES
 

None.
 

Gardner saltbush
 
A triplex gardneri (Moq.) StandI.
 

Plants of similar form and characteristics having narrowly oblong or oblanceolate leaves, smooth fruiting;
 
bracts, widest above the middle, common on clayey soils in the northern intermountain region but more
 
widely used than Nuttall saltbush (2).
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Fig ure 60. NuttaII saltbush (A tr;piex nuttaIUi). Staminate pIan t x 1; staminate fI ower x 16; pist' IIate br11 
x 3/4; utricle fruit x 6. (Flower after Hall 1923: plant and seed after C. L. Hitchcock et a1. 1964.); 
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CREEPING BARBERRY 
Berberis repens Llndl.
 

(= Berberis aquifollum rotundifofium?)
 

ORIGIN 

Native to 11 Western States. See map for distribution in the US. 

SPECIES CHARACTERISTICS 

Low, evergreen, trailing undershrub. 

Stems usually less than 1 foot tall with yellow wood and inner bark; leaves pinnately 
compound with three to seven leaflets, leathery textured and evergreen, oblong to oval, 
with bristle-toothed margins, dull green above and paler beneath. Inflorescence a dense 
raceme of numerous perfect, regular. six-parted, showy yellow flowers bearing ellipsold
globose blue (or black) bloom-covered berries containing several seeds (1). 

Plants with spreading rootstocks; sometimes layering. Growth intermittent during winter, resumes more 
actively in very early spring or. more evident, with snow disappearance; flowers from March to June; 
matures in summer and fall. Herbage preferred by native hoofed browsers and small mammals; some use of 
fruit by birds and mammals but relatively little use made of plants by livestock. 

ECOLOGICAL RELATIONSHIPS 

Species common in medium-textured, well-drained loams and sometimes in fairly shallow, rocky, and 
sheltered sites. Usually more abundant in coniferous forests in over 15 inches MAP zones, less common in 
deep snow climates, and often present on north-facing slopes and other moisture-compensating sites on 
plains or foothill shrublands and low elevation woodlands in lower precipitation zones. Tolerant of weakly 
acidic to weakly basic soils and on ly weak tolerance of salinity. Intolerant of poor drainage and high water 
tables. Native stock winter hardy but some variation expected In stock from other habitat types. Species 
occurs from near sea level on Pacific Coast to about 10.000 feet in elevation in Rocky Mountains. Among 
the most resistant evergreen ground cover plants to leaf burn from exposure to winter sunlight. Tolerant of 
moderate or rather strong shade and common on semiexposed sites in douglas fjr and aspen forests 
Sprouts from rootstocks after burning. Little used by livestock bu t mod erately to st rongly tolera nt of an imal 
browsing and hedge-trimming, respectively. Moderate competitive ability after establishment and fairly 
compatible with variety of overstory plants; appears to thrive in open herbaceous communities (2.3,4). 

CULTURE 

~nting Depth, Rate, and Time 

..~Iant whole berries or, preferably, clean seed 1/4 to 1/2 inch deep; use the shallower depth In moister, 
::Irmer,and finer textured soi I. Best rates of seed ing un known; try sma IJ plots usi ng 10 to 20 PLS per sq ua re 
.ootforfull stands; usually advantageous to seed with vigorous grass to suppress weeds and provide more 
:Complete early soil cover until shrubs spread; otherwise, useful in 10 percent to usually less than 25 percent 
icomP?Sition of seed mixtures for big game range improvement or disturbed land stabilization and 
;~~~utlfl~ation. Fresh seed preferably or mature berries can be sown in the fall or stratified seed in the spring 
'M ater If mOisture and time are adequate to germinate and produce well-rooted plants before killing frosts. 
'Ia~hst ornamental plantings made by transplanting plants grown from stem cuttings in greenhouse or 
,.(2,3~~use. Transplanting Wildings and rootstocks possible but difficult in less humid. interior climates 

.Seed c\ . 
~ 
·l1arv .
lI:teb~sthnpe fruit by hand-picking while using heavy gloves or flail into containers or cloths placed below 
Seed s es. Process fruit in a macerator with water and float off or screen out pulp. Dry seeds before using 
e.verag~U~llty not standardized: 90 percent purity; 77 percent germination; 69 percent PLS; and seeds 

2,000 per pound (4,5). 
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Germination and Seedling Characteristics 

Moist prechilled seed germinates in 10 days with constant temperatures of 70° F in the lab. Stratific . 
requires three phases: 1 month at 34° F; 2 months at 70° F; and 61/2 months at34° F. Seedling vigor is atl on ., 
and plants flower by fourth year In Utah (4,5). good·' 

MANAGEMENT 

Species now chiefly used for ground cover in landscaping or low maintenance landscaping but potential 
useful for game range Improvement, mined land stabilization, ~nd highway and recreation area aestheticly 

Successful stand establlshment.requlres reduction of competitive vegetation and animal stocking befol' 
and dUring establishment. Seeding or transplanting In separate rows, stnps, or blocks may improve st e 

establishment and survival. Stand longevity dependent on control of wildlife populations; livestock gra~nd 
may be economic means of reducing plant competition. Transplants need to be watered when set out an~. 
provided with water-retaining basin unless planted in lister furrows (4). n ' 

ASSOCIATED SPECIES 

Junipers (Juniperus spp.), ponderosa pine (Pinus ponderosa), Douglas-fir (Pseudotsuga menziesii) 
quaking aspen (Popu/us tremu/oides) , and other conifers and numerous foothill and mountain shrubs" 
forbs, and grasses commonly occur in various mixtures with creeping barberry. It is most commonl~ 
planted alone in landscape patterns but can be mixed advantageously with its native associates and many 
exotic cool season forage and browse species. ' 

PESTS AN 0 DISEASES 

Native browsers that concentrate on small, oasislike plantings ~re chief hazards to plantings. Black sterg 
rust uses plant as alternate host which should restrict plantings In wheat belts; plantsare resistant to injury 
from the rust. 

IMPROVED VARIETIES 

None. 

Oregongrape barberry 
Berberis aquifo/ium Pursh. 

A taller form of this broadleaved evergreen, native to the Pacific Northwest, that is more widely used for a 
landscaping ground cover outside its range where supplemental irrigation is available in cooler sections 0. 

the West. The two forms cross where their ranges overlap, raising questions about their classification. This 
latter form may be usuable and provide more cover and browse above the snow in northern intermountain 
areas having fairly consistent winter snow cover; e.g., on north-facing and canyon aspects and lee slopes 
where snow drifts some. Species used by grouse, bighorn sheep, and blacktail deer; incompletely resistan 
to black stem rust. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp.. 

(2)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-15' 
EPA-600-7-79-134. 88 pp. 

(3) Bailey, L. H. 1947. The standard cyclopedia of hortiCUlture. The MacMillan Co., NY. Pp. 1970-1971. 

(4) Plummer,	 A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Di~. 
Fish and Game Pub!. 68-3. Salt Lake City. 183 pp. 

(5) Rudolph,	 P. O. 1974. Berberis. Barberry, Mahonia. Pages 247-251 ill C. S. Schopmeyer, Tech. coord. See9~ 
of woody plants in the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 
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~igure 61. Creeping barberry (Berberis repens), Plant x 2/3; fruit x 1. (Fruit after Stephens 1973) 
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SIBERIAN PEASHRUB 
Caragana arborescens Lam. 

ORIGIN 

Native to Siberia and Manchuria; widely used in the upper Midwest and Northern Great 
landscaping and windbreaks. See map for distribution in the US. 

SPECIES CHARACTERISTICS 

Deciduous, leguminous shrub or small tree. 

Stems numerous, loosely branching, green to greenish-brown, erect, and commonly 5 to 15 
feet tall or taller. Leaves alternate, fascicled, pinnate, with fourtoslx pairsof oblong leaflets 
up to 1 inch long, yellowish to bright green, and with spiny stipules. Flowers showy yellow, 
peal ike, borne in few flowered fascicles and bearing linear cylindric, several-seeded, 
yellow-green pods (1). 

Moderately deep and extensive, well-branched root system not commonly suckering Plants resume 
growth in early to late spring; generally flower from April to June; fruit matures June to August. Low 
palatability, in general, to most large mammals but browsed some by wildlife and occasionally by livestoc 
when greener and more succulent than associated herbage; provides resting cover and some food forbirdsJ 
and probably for small mammals (2,3). . 

ECOLOGICAL RELATIONSHIPS 

Adapted to all soil textures and to strongly acid (pH of 4 .0), strongly basic (reported on fly ash piles with pH 
levels of 10 to 11 In Poland), and moderately sail ne soils (4). Tolerant of rather shallow, infertile, and rocky': 
soils but more productive in deeper, well-drained, sandy soils. Does not thrive in wet places or where water' 
table is nearthe soil surface. Strong drought tolerance and fUlly winter hardy in Canadian Prairie Provinces: 
Only fair shade tolerance; thrives in full sunlight. Succulent herbage usually somewhat fire-resistant but ' 
usually killed when bu rned. Low palatability somewhat buffers species from grazl ng damage but plants can 
be kl lied by close, repeated g razi ng or cl ipping, especially du rl ng late summer. Good competitiveness; onl 
fair compatibility with herbs and probably better grown in separate rows {3,5). 

CULTURE 

Planting Depth, Rate, and Time 

Nurserymen plant seed 1/4 to 1/2 inch deep in well-prepared seedbeds, but one Russian report, 
recommended 1-inch depth, probably because greater survival is often experienced at this depth in 
droughty areas and in coarse, quic k drying soils. Nurserymen plant 25 to 50 seeds per linear foot of rowfor 
35 to 50 percent establishment. Species someti mes planted as mi nor element, usually at about 1 pound per 
acre or less, in game range revegetation mixtu res in Utah. Plant seed either in late sum mer or spring. Plants, 
either 1-0 or 2-0 stock, set out for landscaping, windbreaks, and mined land reclamation. Either softwood or
hardwood cuttings can be rooted; species can be propagated by root c uttl ngs; and some other varieties are 
grafted onto C. arborescens rootstock (6). 

Seed Cleaning and Quality 

Hand-pick pods or knock them onto canvas as soon as they begin to open, usually in late July or early 
August; spread material out and dry under protection until pods pop open; then sift lightly, beat, and fan. 
Seed quality not standardized: 90 percent purity acceptable in game range work; 70 percent or higher 
germination;'63 percent PLS; and about 19,000 seed per pound (5,6). 

Germination and Seedling Characteristics 

Most seeds germi nate In 21 days in laboratory tests at 68° F (n ight) and 86° F (day) tem peratu res, but some 
delayed germination occurs from hard, dormant seeds. Nurserymen soak dry, spring-planted seeds In 

warm water (up to 190° F) either overnight or for 2 to 3 days for better germination. Seedling vigor very 
good; seedlings mature to seed-bearing age in 3 to 5 years under favorable growing conditions (2,5). 
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MANAGEMEr,n 

ecie s used in game range restoration, Ior hed~es ,and other landscaping, tor windbreaks ~nd barriers, 
. Spd for mined la nd and other dlstu rbed sOils stabilization Reduce competing vegetation either In prepanng 

an dbed or during planting and reduce animal populatIOns (both wildlife and iivestock) by uSing mammal 
s:eellants , if necessary. Water planted stockwhen set out and either provide water-retention basins around 

: r tnts or irrigate periodically, or both: cultIvate or control weeds. Postestabllshment animal population 
~;ntrol essential for stand longevity and sustained production (5,7). 

ASSOCIATED SPECIES 

S ecies sown in complex grass, forb, and shrub mixtures in mountain brush type on Utah big game ranges. 
u~uallY planted alone for hedges and in windward row In windbreaks in Northern and Central Great Plains 
Planted alone in r?ws or blocks in mined land reclamation in Colorado and Wyoming; also used in mixed 
plantings or seedlngs. 

PESTS AND DISEASES 

'GrasshOppers defol ia te and damage sla nds and blister beetles someti mes attack plants. Deer and antelope 
destructively browse small, oasislike plantings. No major diseases reported (1). 

I.M-PROVED VARIETIES 

~One. There are several horticultural varieties recognized for landscaping and severa! other closely related 
species used for similar purposes (2). 

EFERENCES 

, Johnson. K. L., and E. S. Anderson, eds. 1980. Conservation planting handbook for Wyoming and Colorado. Univ. 
Wyom. Agr. Ext. Serv., Laramie. n.p. 

~~ Bailey, L. H. 1947. The standard cyclopedia of horticulture. The MacMillan Co .. NY. Vol. I Pp 659-660. 

~al Thornburg, A. A. 1982. Plant materials for use on surface mined lands in and and semiarid regions. SCS-TP-157: 
. EPA-600-7-79-134. 88 pp. 

t4,Vogel. W. G. 1981. A guide for revegetatlng coal minesoils In the Eastern United States U.S. Dept. Agr .. 
For. Servo Gen. Tech. Rep. NE-68. 190 pp. 

IPlummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range In Utah. Utah Div. 
. Fish and Game Publ. 68-3. Salt Lake City. 183 pp. 

I Dietz, D. R., and P. E. Slabaugh. 1974. Caragana arborescens. Siberian peashrub. Pages 262-264 l..!l C. S. 
.schopmeyer, Tech. Coord. Seeds of woody plants in the United States U.S. Dept Agr.. For Serv., Agr. 
Handb. 450. 883 pp. 

~ward. G. S., F. Rauzl, and G. E. Schuman. 1979. Woodv plant tnals at SIX mine reclamation sites in Wyoming 
. and Colorado. U.S. Dept. Agr., SEA Prod. Res. Rep. 1'77 14 pp. 
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Figure 62. Siberian peashrub. (Caragana arborescens). Twigs, leaves. and pod x 1; flowers x 11/2. 
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MARTIN CEANOTHUS 
Ceanothus martini Jones 

ORIGIN 

Native to Utah, Nevada, northwestern Colorado, and northern Arizona. See map for distri bution in the US 

SPECIES CHARACTERISTICS 

Low, stiffly branched, deciduous shrub. 

Stems spreading from a branched root crown, 1 to 4 feet tall; twigs and branches gray and 
without spines; leaves alternate, oblong to oval, smooth, green on both sides, prominently 
three-veined from base, often with minutely glandular-toothed margins. Inflorescence 
round-topped racemes, mostly from lateral branches; small, white flowers, bearing three
lobed capsules. Similar to Fendler ceanothus (C. fendleri) but without spinescent twig and 
branch tips, more oval leaves without gray undersides, and less prominently veined (1). 

Generalized root system of moderate size; some rootsprouting and probably layering in moist litter or soil. 
. Plants leaf out during spring and summer, bloom in May and June, and mature fruit in late summer. Good 

palatability to livestock and wild browsers and provides some cover for small mammals and birds (2) 

ECOLOGICAL RELATIONSHIPS 

Relatively narrow geographic range in pinyon-juniper, ponderosa pine, and aspen types, centered about 
7,500 feet in elevation. Sites of occu rrence indicate tolera nce of well-d rained, medi um-textu red soils, often 

.~	 rocky and thin; also weak Iy acid to weakly basic and mostly nonsaline soi Is. Sites demand wi nte r hardi ness 
.although less cold-stressing than snow-free areas. Moderate shade tolerance but plants more vigorous in 
somewhat exposed sites. Fair drought tolerance. Very good grazing/browsing tolerance; probably less 
tolerant than closely related spinescent Fendler ceanothus. Fair fire tolerance of plants due to some root 
sprouting; seeds of Ceanothus stimulated to germinate by fire and heat. Good compatibility reported in 
Utah revegetation work (2,3). 

;CULTURE 

Planting Depth, Rate, and Time 

Plant seed at depth twice the greatest diameter of seed in a firm and weed-free seedbed. Best rates for seeding 
--unknown. Recommended as an optional species for inclusion in game range seed mixtures in Utah; most 
>such species seeded at 1 to 2 pounds PLS per acre in drill-seeding and broadcasted mixtures. Best time for 
seeding unknown; most shru b species used in Utah game ra nge work are sown in fall. C. fendleri is sown in 
Pring in California (2,4,5). 

~Ieaning and Quality 

.arvest fruit by hand-picking into containers and clean by drying, fanning, floating, and then fumigate. 
i81110t5 might be obtained by tying cloth sacks over green fruit on vigorous plants ur'ltil seed is ejected 

.l{jp~rally ,(,as. r~ported done :With C. fend/~ri). Seed quality not standardized: 90 percent purity; germination 
fair (16 percent In C. fendlen); and 83,000 seed per pound (2,4,5). 

~n and Seedling Characteristics 

: erinination, initial establish ment, and growth rate ra ted fa ira nd ab out 5 years needed to flower in Utah (2) . 

,AGEMENT 

ties /tacle to use of species is difficult seed production and handling. Recommended as optional 
use In game range revegetation mixtures in sagebrush, mountain brush. and juniper-pinyon 

tah. Spreading habit, fire tolerance, and attractive flowers potentially useful in seedings or 
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plantings for stabilizing disturbed soils and for roadside beautification. Reduction in competing v • _ 
and in animal stocking necessary for good stand establishment. Periodic burning, where specieegetatl?tl 
element and fires controllable, may stimulate better production and nutrition. Control of both dams a/naJor 
wild animal populations within conservative grazing capacity of range essential to sustained pre~ IC~nd. 
and soil stability (2). a UChqn 

ASSOCIATED SPECIES 

Most commonly associated with junipers (Jum:perus spp.), pinyons (Pinus spp.), ponderosa pine 
ponderosa), Douglas-fir (Pseudotsuga menZlesll), and quaking aspen (Populus tremu/oides) and with t~' 
grasses, forbs, an.d shrubs that are c0m,mon on shallow and rocky soil phases on the slopes of midd e 
elevation mountains wIthin this species geographic range. Species recommended for USe in comPI'e. 
shrub-forb-grass mixtures in Utah (1). ex 

PESTS AND DISEASES
 

None reported. Anticipate rabbit and rodent damage and deer browsing, especially in small seeded areas:
 

IMPROVED VARIETIES
 

None. Spinescent twigs of Fendler ceanothus may prove advantageous in maintaining stands with high 
populations of browsers. 

REFERENCES 

(1) Bailey,	 V. L.. and H. E. Bailey. 1949. Woody plants of the Western National Parks. Monograph 4. The American 
Midland Naturalist. The Univ. Press, Notre Dame. IN. 274 pp. 

(2)	 Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Dill. 
Fish and Game Publ. 68-3. Salt Lake City 183 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS·TP.157; 
EPA-600-7-79-134. 88 pp. . 

(4)	 Vories, K. C. 1981. GrOWing Colorado plants from seed: a state of the art. Vol. l: Shrubs. U.S. Dept. Agr., Fo,. 
Serv. Gen. Tech. Rep. INT-103. 80 pp. 

(5) Reed, M.	 J 1974. Ceanothus. Ceanothus. Pages 284-290 in C. S. Schopmeyer, Tech. Coord. Seed of woody 
plants in the United States. U.S. Dept. Agr., For. Servo Handb. 450.883 pp. 
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Figure 63. Martin ceanothus (Ceanothus martini). Plant x 1; capsule (pod) x 3; flower x 3. 
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WINTERFAT 
Ceratoides lanata (Moq.) J. C. Howell 

ORIGIN 

Native to western North America: a primary species in the intermountain salt desert vegetation. See mapf 
distribution in the U.S. or 

SPECIES CHARACTERISTICS 

Cool season, suffrutescent half-shrub. 

Stems mostly annual, 1 to 3 feet tailor taller, matted woolly hai ry, branched and only woody
 
at base, and arising from a woody root crown. Leaves simple, alternate, mostly linear, and
 
revolute-margined. Flowers dioecious or polygamous in axillary clusters or terminal.
 
spikelike inflorescences; staminate in inconspicuous four-parted perianth, pistillate with
 
only two united bracts, with long white or rufous hairs enclosing hairy utricle fruit (1).
 

Polymorphic with short and tall ecotypes commonly present on valley floors and mountainous terrain ' 
respectively; one variety, subspinosa, with woody, spinescent-tipped branches, extends from souther~' 
Utah into southern California and northern Mexico. Plants strongly rooted with a generalized root system' 
that includes a deep taproot and extensive fibrous roots capable of stabilizing soil. Active growth resumes 
in early to late spring, flowering in March to July, and maturing from September to November, varying with 
environmental conditions. Palatable and nutritious to livestock, advantageously so in winter; highly 
preferred by antelope and rabbits at all seasons; browsed by elk, desert bighorn sheep, and deer; provides 
cover and nesting material for rodents (2,3). 

ECOLOGICAL RELATIONSHIPS 

Species relatively indifferent to soil textures; occurs on shallow rock outcroppings and from rocky and 
sandy loams to clays; usually more productive on finer textured soils. Preference shown for basic ana limey -.......,.,........n 
soils; tolerant of weakly or moderately saline soils, varying among ecotypes, but intolerant of acid soils. 
Plants intolerant of flooding and suffer with excess water. Broadly adapted in arid to subhumid .' 
precipitation zones and fairly common from about 5 to 20 inches MAP; present on limestone soils with as 
much as 40 inches; desert ecotypes found in areas with under5 inches. Strongly drought-tolerant anda C-3 
pia nt surviving better than shadscale saltbush (A triplex confertifolia), a C-4 plant, at the U.S. Desert Range 
near Milford, Utah, under intermittent drought conditions. Good cold tolerance when fully established but. 
somewhat frost-sensitive in early seedling growth stages. Species occurs from near sea level to 10,000 feet 
in elevation. Seek seed sources from habitats similar to planting site or tested strains. Relatively shade
intolerant but occu rs in open desert sh rub and jun iper-pinyon and other woodlands. Good fi re tolerance in 
dormant state. Weak tolerance to continuous grazing that removes 25 percent of current annual growth 
during the growing season; tolerant of 60 percent removal by sheep during winter dormant season. 
Moderately competitive and compatible in both warm and cool season plant mixtures (2,3,4,5). 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed less than 1/2 inch deep; they can be broadcast on surface of saturated soils, but usually better 
results obtained by planting 1/16 to 1/4 inch deep and covering or pressing broadcasted seed in soil to 
similar depths. Firming seedbed below seed depth improves emergence. and mulch aids natural 
establishment. Species usually only planted in mixtures with rates of 1/2 to 1 1/2 pounds per acre drilled or 11/2 
to 3 pounds per acre broadcasted in total seed mixes of 10 to 20 pounds per acre. Recommend trying 15 
to 20 PLS per square foot (about 5 to 7 pounds PLS per acre) drill rates for full stands; however, usually 
advantageous to seed with vigorous adapted grasses Where annual weeds, such as cheatgrass brom~ 
(Bromus tectorum) and halogeton (Halogeton glomerarus), threaten. Best season of planting unknown, ,. 
late fall, winter, and spring seedings used or recommended; usually better to seed before the moistest· 
growing season, provided surface soils not saturated more than week ortwo. Some propagating suc?ess 

reported using stem cuttings in Nevada; practice probably useful for oropagating superior selections 
(3,4,6,7). 



~ed Cleaning and Quality 

Adapt harvesting to equipment available and existing conditions. Hand-stripping into containers, using 
headcutters, vacuuming, mechanized or hand-operated strippers, and combining are options. Process 
collections in hammermill set at about 1,000 rpm equipped with 5/16-inch screen; clean in a fanning mill, if 
necessary. Strippings can also be mechanically flailed and cleaned in a clipper cleaner. Considered 
undesirable to remove seed from utricle because it will be more susceptible to early germination during 
temporary early warm spells and associated decimating factors. Seed quality not standardized: acceptable 
purity 50 percent in Utah game range restoration; germination 90 percent; and 123,000 average seed per 
pound (2,3,7). 

~rmination and Seedling Characteristics 

Fifty percent of afterripened fruit germinate in 2 days and 80 to 90 percent in 4 to 5 days under ideal lab 
conditions. Germination varies by geographic source or ecotypes. Afterripening period of 2 to 3 months 
met by room tem peratu re storage. Opti mum temperature for germination varies according to seed sou rce. 
Germination decreased to a minimum by increasing moisture stress 10 to 15 atmospheres. Seedling vigor 
varies with source of seed. Vigorous strains often attain reproductive maturity by second growing season; 
dryland seedings expected to take longer (2,3,7). 

MANAGEMENT 

Considerable use in revegetating semidesert and 'salt desert rangelands and for big game range 
improvement. Potentially useful for soil stabilization purposes on those sites to which it is uniquely 
adapted; of val ue for d ryland orname ntalla ndscapi ng in intermo untain reg ion. Red uce plant competition in 
seedbed preparation or by scalping before or during planting operations, withhold grazing and reduce 
native animal populations, and suppress competitive weeds when feasible during establishment (3). 
Planting shrubs and herbs in separate rows or alternate strips may improve establishment and survival. 
Careful management to remove a safe minimum of herbage during the growing season and not over 60 
percent in winter is essential to stand perpetuation. Use of taller strains advocated for winter ranges. 

ASSOCIATED SPECIES 

Nearly pure stands occur on valley floors and plains; some of these are extensive but many have been 
invaded by weedy or less palatable invaders. Species commonly grows mixed with shadscale saltbush, 
Gardner saltbush (A gardneri), black greasewood (Sarcobatus vermiculatus), spiny hopsage (Grayia 
spinosa), Douglas rabbitbrush (Chrysothamnus viscidiflorus), black sagebrush (Artemisia nova), big 
sagebrush (A tridentata), galleta (Hilaria jamesii), Indian ricegrass (Oryzopsis hymenoides), and 
bluebunch wheatg rass (Agropyron spicatum). Species common Iy seeded with native and introduced warm 
and cool season grasses, forbs, and shrubs in blackbrush, shadscale saltbush. black greasewood, big 
sagebrush, and juniper-pinyon types; optionally included in mountain brush and inland saltgrass types on 

. Utah game ranges. Also included in rangeland seedings to restore native vegetation and shrubs on many 
ranges now devoid of palatable browse. 

PESTS AND DISEASES 

Rabbits and rodents damage stands and may destroy seedling stands. Grasshoppers, Mormon crickets, 
and a variety of plant-sucking and other native insects commonly present but only infrequently damage 
stands beyond recovery. Minor plant pathogens include two leaf rusts and two stem infectors. 

IMPROVED VARIETIES 

None other than the botanical variety subspinosa, noted under Species Characteristics. 
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I figure 64. Wintertat (Ceratoides lana/a). Plant x 2/5; leaf x 21/2; pistillate flower x 3; staminate flower x 3. 
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TRUE MOUNTAIN-MAHOGANY 
Cercocarpus montanus Ref. 

ORIGIN 

Native shrub of western foothills and mountains. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Deciduous, persistent-leaved or evergreen shrub or small tree. 

Stems grayish, erect, and loosely branched from a woody root crown, 3 to 10 feet or taller. 
Leaves simple, alternate, mostly obovate, coarsely serrate above the middle, dark green 
above, whitish beneath, with tomentum. Flowers stalked, single, or occasionally in twos or 
threes, axillary. Petals absent, silky calyx tubes containing one or few dry achene fruits, 
ending in 2 to 4 inch fuzzy, persistent styles (1). 

Deeply and extensively branched woody root system often ramifying rock crevices. Plants leaf out from' 
March to May, flower from April to June, and mature fruit from July to October, varying regionally and. ' 
elevationally. Very good palatability to deer, particularly in winter; good palatability to sheep and fair to. 
cattle, mostly during growing season and fall. Some use made by elk, antelope, mountain sheep, and small 
mammals. Shrubs also provide cover for mammals and birds (2). 

ECOLOGICAL RELATIONSHIPS 

More abundant on moderately coarse to moderately fine-textured and mostly well-drained soils. Habitats '" 
often rocky, gravelly, and thin-soi led. Grows in wide range of precipitation from 10 to over 25 inches MAP 
zones; thriftier stancis appear to occur in intermediate precipitation zones. Tolerant of mildly acid to 
moderately basic-reacting and mostly nonsaline soils. Moderately strong drought tolerance. Fair shade 
tolerance evident by presence in mixed shrub and in open juniper-pinyon and ponderosa pine types; 
appears to thrive in full sunlight and on nonforested sites. Local seed sources and ecotypes Winter-hardy 
and cold-tolerant; make certain southern, low elevation, and sources from other habitats are fully adapted 
to planting site. Goud tolerance to winter browsing but may be dwarfed and made unproductive by 
repeated close use during the growing season. Species shows good tolerance of wildfires, responding by'. 
vigorous root crown sprouting and greater herbage production. Strongly competitive when fully· 
established and compatible with a variety of associates (2,3,4,5). 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed (fruit) 1/4 to 1/2 inch deep; use deeper figure for drier and coarser (sandy or gravelly) soils or 
when sowing in fall. Species is rarely planted alone except as transplanted stock used for native hedges or 
landscaping. Usually seeded in seed mixtures at 1/4 to 1 pound per acre drill rates or 50 to 100 percent 
greater rates when broad casted for game range improvement in Utah. Generally sown in fall but seed 
treated to enhance germination can be sown in early spring or as early as possible in higher mountain. 
elevations. Planting stock is usually set out in spring after undergoing some hardening in cold frames; may 
be planted later with ample moisture or irrigation but needs about 2 months growth to become adequately 
established before frost (2,3,6,7). 

Seed Cleaning and Quality 

Harvest achenes by shaking them onto canvas or into hoppers. More viable seed may be obtained from 
plants growing on north slopes, in average or above-average rainfall years, and from widely spaced shrubs 
lacking much competition. Clean seed by hammermilling to remove hairy styles; fanning and screening; or 
put fanned, hammermilled material through a Dybvig cleaner, dry, and then fan. Seed quality not 
standardized: 80 percent acceptable purity in Utah game range work; 70 percent germination; 56 percent 
PLS; and 45,000 seed per pound (6,8,9). 
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I 

rmination and Seedling Characteristics
G~ 

st afterripened seed germinate in 9 days in lab tests but some may take a month or longer. Seed 
M~mination requirements vary for different ecotypes. A New Mexico source germinated best (70 to 72 
gercent) at 73° F (8 hours) and 53 to 60° F (16 hours) temperatures and at -2 bars moisture stress. Vigor of 
peedlings has not been critically evaluated. Container-planted stock used in the Black Hills of South Dakota 
s~d at the Manitou Experimental Forest in Colorado had approximately the stature of mature plants only 
:fter 10 and 7 years of age, respectively (2.6,7,8,9). 

MANAGEMENT 

Limited use is made of this species for restoring big game ranges and nursery-grown plants are used for 
hedges, ornamental screens, and in experimental mined land reclamation. Remove competitive vegetation 
before seeding or planting and reduce animal populations, or take advantage of low population periods, to 
secure better establish ment and survival. Probably better establishment and less weed competition occur if 
grasses are planted in alternate rows with forbs and shrubs. Control of animal populations and moderate 
use is essential to sustain improved production and cover (2,7,8). 

ASSOCIATED SPECIES 

Serviceberries (Amelanchierspp.), junipers (Juniperus spp.), pinyons (Pinusspp.), Gambel oak (Quercus 
gambe/ii), skunkbush sumac (Rhus trl/obata), mountain snowberry (Symphoricarpos oreophl/us) , pon
derosa pine (Pinus ponderosa), and blue grama (Boute/oua gracilis), several needlegrasses (Stipa spp.), 
wheatgrasses (Agropyron spp.), and forbs are commonly associated with this plant. Associates used in 
seed mixtures include a complex of native and exotic grasses, forbs, and other browse species in game 
range restorations; some trees may be used in landscape or mined land plantings (2). 

PESTS AND DISEASES 

Rodents and rabbits threaten new plantings and deer and antelope concentrate on, and decimate, small 
scale plantings. Gophers were particularly troublesome in one study. Plants are relatively free of insect and 
disease attack. Loopers and bark beetles and an unidentified fungus caused some damage or losses in the 
intermountain regions. Plants occasionally are attacked by western tent caterpillar. Plants rarely may 
cause some minor animal losses from hydrocyanic poisoning after frost or drought. 

'110VED VARIETIES 

,'v1ontane' was recently released from New MeXico (5). 

Curlleaf mountain-mahogany 
Cercocarpus ledifolius 

Curlleaf mountain-mahogany (Cercocarpus Jeddo/ius), a shrub to small tree, with narrower, revolute 
.	 margined leaves, occurs on exposed rocky foothills and lower mountain slopes in the northern intermoun

tain region. A valuable wildlife browse and cover plant. Seed sometimes included in revegetation mixtures 
for game range restoration in mountain shrub and juniper-pinyon types in Utah. 

REFERENCES 

(1)	 HitChCOCk, C. L., A. Cronquist, M. Ownbey, and J. W. Thompson. 1961. Flora of the Pacific Northwest. Part 3. 
Saxifragaceae to Ericaceae. Univ. Wash. Press, Seattle. 614 pp. 

~ (2) Plummer, A. P., D. R. Christensen, and S. 8. Monsen. 1968. Restoring big game range in Utah. Utah Div. 
Fish and Game Pub!. 68-3. Salt Lake City. 183 pp. 

13) Smith, D. R. 1971. Growth responses of true mountainmahogany (Cercocarpus montanus) on four soil types 
Within the Front Range of Colorado. Ph.D. Thesis. Utah State Univ., Logan. (Abstract J. Range Manage. 
25:243-244 ) 
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(8)	 Smith, D. R., and L. N. Bass. 1973. Germinability of true mountain-mahogany achenes as influenced by soil 
and other environmental factors. Proc. Assn. of Off. Seed Anal. 63:125-134. 
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,figure 65 T 
With II ' rue mo untain-ma hogan y (Cercocarpus montanus). Branch with achenes x 2/3; leaves x 1; twi 9 
. owers x 2/3; achene with plumelike style x 2. 
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RUBBER RABBITBRUSH 
Chrysothamnus nauseosus (Pall.) Britt. 

ORIGIN 

Native to western North America. See map for distribution in the U.S. 

Ge 
SPECIES CHARACTERISTICS 

La
Deciduous, composite, half-shrub to large shrub. 

fOI 

Stems mostly gray-white, felty, pubescent, branched from grayish-brown, stringy barked es
 
trunk or ascending main branches, forming somewhat rounded to flat-topped crowns ra '
 
greatly varying in size from 1 or 2 feet (C. nauseosus nauseosus) to larger forms, up to 5 t~
 
10 feet tall (C. nauseosus graveo/ens) Leaves simple, linear, entire, not twisted but often
 M
drooping and about 2 inches long. Leaves and stems somewhat resinous and aromatic. 
Flower heads borne in crowded, terminal, round-topped cymes. Involucral bracts numer 51 
ous in overlapping. vertical rows; flowers golden-yellow, discoid, tubular. five-toothed. st 
usually five per head and bearing five-angled dry achenes, encircled by a ring of capillary la 
hairs. Very polymorphic. with several subspecies varying greatly in plant form and a, 
adaptation (1). (( 

IT 
Plants display strong self-seeding habits, especially on disturbed sites; deeply branched taproots; and 
vigorous suckering habits. Plants resume growth in spring to early summer, flower mostly in Augustand: 
September. and mature fruit about 1 month later in September and October, varying considerably with: 
elevation. Species variably palatable to livestock and big game, with greater use made in fall and winter; 
provides some cover for mammals and birds (2). 

ECOLOGICAL RELATIONSHIPS 

Some forms adapted from saline, clayey bottomlands or coarser, upland. sandy soils to weakly acidic 
mountain loams. Most common in well-drained, disturbed sites of open plant communities. Tolerant of' 
somewhat poorly drained soils but not of permanent high water tables. Grows in 6 to over 20 inches MAP' . 
zones; subspecies vary in optima and tolerances, collectively more abundant or vigorously growing in 
intermediate areas but appear to be as dependent on less competition and disturbed site conditions.
Moderate to strong drought tolerance, in part due to deep root system tapping subsoil moisture, but varies 
among subspecies and probably ecotypes. Mature plants winter-hardy but seedlings sometimes frost-. 
sensitive, requiring use of adapted sources or strains. Species grows from about 2.000 feet to over 9,000 feet 
in elevation Weak shade tolerance but good tolerance of burning evidenced by vigorously sprouting 
afterward. Strong grazing and browsing tolerance. Somewhat competitive with shrubby associates but 
quite compatible and sometimes beneficially associated with herbs and grasses, particularly noticeable in, 
association with crested wheatgrass (Agropyron cristatum) (3,4,5). 

CULTURE 

Planting Depth, Rate, and Time 

Best planting depth unknown; use gardener's rule of 2 to 4 times largest seed diameter, about 1/2 to 1 inch, 
deep. Game range direct seedings made in fall or winter in Utah, and roadside seedings made in Novem~er . 
in Nevada. Natural germination occurs from March to June, suggesting possible safer seeding date with 
seed pretreated to enhance germination of just before or early during this period. No critical tests of 
optimum seeding rates appear in print Rates of 1/2 pound per acre (drilled) and 1 pound per acre 
(broadcasted) used in complex game range revegetation mixtures. Good stands reported from transplan.t
ing 3 to 5-month old seedlings in early spring from cans or milk cartons in Utah and some success In. 
establishing them by aerial seeding (3,5,6). 

Seed Cleaning and Quality 

Harvest by knocking or shaking achenes or stripping heads into containers or onto canvas or by 
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vacuuming. Product can be cleaned by hammermilling or mechanically flailing and recleaning in a fanning 
milt. Seed quality not standardized:. 10 percent acceptable pUrity in game range work, at least 70 percent 
possible; 63 percent average germination of eight samples; 693,000 seed per pound, average of40 samples, 
and 463,000 average in recent Montana study, indicating variability to be expected from different sources, 
subspecies, and by years (3,5,6). 

~rmination and Seedling Characteristics 

Lab testing indicates about half of untreated seeds may germinate in 5 to 21 days; half of those stored wet 
for 1 month at 39° F to enhance germination germinated in 2 days at 68° F. Reported gOOd to fair initial 
establishment in Utah work; very good growth rate, good final stands, full growth attained in 4 years, and 
rapid spread by self-seeding attest to good seedling and juvenile vigor (5,6). 

MANAGEMENT 

Species Included in seed mixtures for game range restoration, in seedings and plantings for highway 
stabilization and bea utification, and exhibi ts some potential for stabilizi ng mined lands and other di stu rbed 
lands. Reduce plant competition before or when seeding or planting and reduce animal populations ortake 
advantage of low population periods for better stand establishment. Control animal populations on 
revegetated sites to perpetuate improved cover and production. Species can become weedy without 
management. 

ASSOCIATED SPECIES 

Big, silver, and fringed sagebrushes (Artemisia tridentata, A. eana, and A. frigida, respectively); Douglas 
rabbitbrush (C. viscidiflorus); and a very diverse group of plains, foothill, desert. and lower mountain 
grasses, forbs, shrubs, and some open stands of trees naturally associate with rubber rabbitbrush. It is 
seeded with similar native species but also with some exotic species, often in very complex seed mixtures, 
on game ranges. 

PESTS AND DISEASES 

Species attracts a variety of insects and butterflies and is somewhat suscepti ble to gall-form ing insects and 
wood borers, but usually survives attacks Seedlings and sometimes stands menaced by rodents and small 
mammals. 

IMPROVED VARI ETI ES 

None. Knowledge of subspecies is helpful in revegetating different sites. Subspecies a/bieau/is and 
consimilis occur in salt desert type, leiosperma and h%/eucus are lowland forms. nauseosus and 
graveo/ens occur in varied plains to mountain habitats, while sa/icifolius is a high elevation form. 

REFERENCES 

(1) Harrington, H. D. 1964 Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

(2)	 U.S. Forest Service. 1976. Some important native shrubs of the West. Intermountain For. and Range Exp. Sta.. 
Ogden, UT. 16 pp. 

(3)	 Plummer, A. P., D. R. Chnstensen. and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Drv. 
Fish and Game Publ. 68-3. Salt Lake City. 183 pp. 

(4)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in and and semiarid regions. SCS-TP-157; 
EPA-600-7 -79-134. 88 pp. 

(5)	 Vories, K. C. 1981. Growing Colorado plants from seed: a state of the art. Vol. I: Shrubs. U.S Dept Agr., 
For. Serv. Gen. Tech. Rep. INT-103. 80 pp. 

(6)	 Eddleman, L. E. 1977. Indigenous plants of southeastern Montana. I. Viability and suitability for reclamation in the 
Fort Union Basin. Mont. Unlv. For. and Conserv. Exp. Sta. Special Publ. 4 Missoula. 122 pp. 
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Figure 66, Rubber rabbitbrush (Chrysothamnus nauseosus). Branch x 1/2; flowerhead x 6; disk flower x 5, 
(Growth form after Elmore 1976), 
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DOUGLAS RABBITBRUSH 
Chrysothamnus viscidiflorus (Hook.) Nutt. 

ORIGIN 

Native to western United States; more abundant in the intermountain region. See map for distribution in the 

U.S. 

SPECIES CHARACTERISTICS 

Typically small but some forms large, deciduous shrubs. 

Twigs ascending to erect, semiherbaceous, from a much branched woody base. Leaves 
linear to lanceofate, twisted or flat, about 1 to 2 inches long. Flower heads in a terminal 
round to flat-topped cyme; outerflower bracts several, not in well-defined rows, often with a 
thick brown or green spot near apex. Small, lobed, yellow disc flowers typically five per 
head, bearing hairy five-angled achenes (fruit) surrounded by a ring of hairs (1). 

Plants sprout strongly at base, especially after injury or top removal: equipped with medium depth, well 
branched, generalized root systems. Polymorphic species with several integrading subspecies differing in 
form and adaptation. Plants resume growth in spring or early summer, flower in late summer and fall, and 
mature fruit in late summer and into winter, varying environmentally and by subspecies. Sheep make fair 
use of plants, cattle less: variable use by big game; furnishes some cover for small mammals, lizards, and 
birds (2). 

ECOLOGICAL RELATIONSHIPS 

Species exhibits broad adaptations to soil texture and reaction; occurs on clayey, saline, bottomland soils
 
to well-drained medium to coarse-textured, nonsaline and weakly basic soils and sometimes on weakly
 
acid mountain soils. Species adapted in 6 to over 20 Inches MAP zones; probably somewhat more
 
productive in intermediate MAP zones and in open communities. Generally good drought tolerance,
 
varying somewhat among subspecies. Some variation in winter hardiness and frost sensitivity of seedlings
 

. to be expected among subspecies and seed sources, requiring choice of adapted planting materials.
 
•	 Species occurs up to 10,000 feet in elevation Fair shade tolerance exhibited by low forms growing in 

understory of shrublands and woodlands but generally thrives in full sunlight. Good fire and grazing 
tolerance due to strong sprouting habits. Fair compatibility with associated vegetation (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed about 1/4 inch deep or two to four times seed diameter. Best rate of seeding and optimal depth 
not known. Species used at 1/4 to 1/2 pound per acre drilled and broadcasted rates, respectively, in 
,complex game range seeding mixtures in Utah. Game range seedings are made in late fall and winter. 
Germination studies indicate it can be seeded "anytime after harvest through the second fall with good 
germination results" (4). Survival studies expected to show that either late fall or early spring may be 
optimal times, or possibly later at higher elevations and where precipitation comes mostly in late summer. 
Good success from transplanting seedlings or wildings reported in Utah (2.4,5). 

~Cleaning and Quality 

~~ake. branches, knock seed, or strip heads into containers or onto canvas or vacuum harvest seed. 
h eanmg difficult 30 to50 percent chaff not removable with mechanical flail, clipper, and seed blower. Only 
aammerrnilling used in Utah game range work. Seed quality not standardized: probably 10 percent purity 
~\y~ce.ptable, Simi!ar to C. nauseosus in Utah; germin~tion 60 percent in Utah and 97 percent i~ Montana, 
18i~ng due to different temperature and storage regimes and probably due to regional strain differences: 

,00 seed per pound (10 Utah samples) and 584,500 seed per pound (2 Montana samples) (2,4,5). 
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Germination and Seedling Characteristics 

Fifty percent of achenes germinated in 1 to 9 days at optimal lab temperatures with light in Mont _ 
Two-month old achenes germinated 97 percent at 86° F, whether stratified or not, and at same ra~na stud,)'. 
when 1-year old. Achenes lose viability rather quickly after 2 years of age. Good seedling vigor a ~ at68<>'f 
the more aggressive species that are rapidly established and spread (2,3,5). n arnq.1;J 

MANAGEMENT 

Various subspecies used in game range revegetation mixtures in shadscale saltbush, black grease ., 
sagebrush, and mountain brush types in Utah. Management similar to rubber rabbitbrush (C. nause WQOP,. 

This species somewhat less productive and shorter, making less browse available above snow. TheOS~S) 
generalized root system may be somewhat more competitive with herbs and competition might be less~O: 
by planting separately or in alternate rows where feasible. Species can become weedy without ca/i ~ 
management.	 eu, 

ASSOCIATED SPECIES 

Big sagebrush (Artemisia fridentata), winterfat (Ceratoides lanata), shadscale saltbush (Atrip/ex conte' 
folia), Utah serviceberry (Amelanchier utahensis), Sandberg bluegrass (Poa secunda), bluebunc 
wheatgrass (Agropyron spicatum), and junipers (Junip~russpp.) commonly occur in varying mixtures W' 
species. Included as a minor component in complex grass, forb, and shrub mixtures seeded On gahle 
ranges in need of restoration in Utah. Appears to have potential for stabilizing disturbed soils, such as rOad 
shoulders, mine spoils, and gullies, due to its sprouting and self-seeding characteristics (2,3). . 

PESTS AND DISEASES 

No major problems reported; rodent damage of plants occasionally noted and 
depredation to be expected. 

IMPROVED VARIETIES 

None. Use adapted subspecies in their native habitats. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, 1L. 666 pp. 

(2) Plummer, A. P., D. R. Christensen, and S. 8. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish ana 
Game Publ. 68-3. Salt Lake City. 183 pp. 

(3) Stevens,	 R. 1981. Techniques for planting shrubs on wildland disturbances. Pages 29-36lD.. L. H. Stelter, E.. Ill.. 
DePuit, and S. K. Mikol. eds. Shrub establishment on disturbed arid and semi-arid lands. Wyorn. Game FI 
Dept., Cheyenne. 154 pp. 

(4)	 Eddleman, L. E. 1977. Indigenous plants of southeastern Montana. I. Viability and suitability for reclamation ih the 
Fort Union Basin. Mont. Univ. For. and Conserv. Exp. Sta. Special Publ. 4. Missoula. 122 pp. 

(5)	 Varies, K. C. 1981. Growing Colorado plants from seed: a state of the art. Vol. I: Shrubs. U.S. Dept. Agr., For. Sa , 
Gen. Tech. Rep. INT-103. 80 pp. 
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Figure 67 
~el1e x' Doug las rab bitbrush (Chrysothamnus viscidiflorus). Plant x 1/5; flowerhead x 6; disk flower and 

6; Inflorescence x 4/5 
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WESTERN VIRGINSBOWER 
Clematis Iigusticifolia 

ORIGIN 

Native to western United States. See map for distribution in .the U.S 

SPECIES CHARACTERISTICS 

Woody climbing or clambering vine. 

Stems 10 to 20 feet long or tall. Leav~s pinnate with five to seven leaflets 1 to 2 inches long, 
lanceolate to egg-shaped, narrow-tipped, and finely to coarsely-toothed. Flowers in flat
topped clusters; sexes in separate plants (dioecious), without petals, sepals petallike, about 
1/2 inch long, bearing hairy achenes with 2-inch long, silky hairy, persistent styles (1). 

Root systems shallow, fibrous, and producing rootstocks. Flowering June to August and maturing seed1 
fall and winter. Low palatability and herbage production for livestock, furnishing some deer browse, and.O·· 
some utility for cover and restoration of disturbed lands and natural vegetation (2,3). 

ECOLOGICAL RELATIONSHIPS 

Common along drainages, roadsides, and in disturbed sites; often with woody plants, steep slopes, banks 
or boulders for support; mostly in coarse, rocky, sandy, and well-drained soils. Adapted to broad range 
soil reactions from weakly acid to moderately basic and in somewhat saline soils. Rather abundant in the12 
to 20 inches MAP zones but more vigorous in moistu re-concentrating sites with red uced competition along 
drainages and at edge of woods. Weakly moderate drought tolerance, responding with reduced growth and 
seed production. Moderate shade tolerance, appears more productive in partial shadeorborderingshad~. 
Generally not frost-sensitive, particularly in sheltered habitats; some sensitivity to be expected to both'cti1d 
and heat among regional strains and ecotypes. Plants may be badly injured or killed by Wildfire; sori1~ 

survival from root stocks or ultimately by dispersal of fuzzy fruit. Common habitats suggest only fa! 
competitiveness and compatability with only certain associates: probably thrives better with shade arid 
support (3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Optimum depth and rate of seeding unknown; plant seed two to four times as deep as seed diameteran 
cover broadcasted seed to similar depth. For game range revegetation, always use species with other 
grasses, forbs, and sh rubs, with grasses comprising less than 50 percent of seed mixtures, Usually no mq '. 
than 1 pound per acre of seed in seed mixtures added on suitable sites for game range restoration purpos~~: 

Seed Cleaning and Quality 

Collect ripe seed by hand or by using a vacuum harvester. Run dry achenes through a ham merm';:: 
equipped with a3/16-inch screen at 1,120 rpm to remove hair and styles and clean in a fanning n: ill (5).Seaquality not standardized: 20 percent purity acceptable in Utah game range work; germination 11 to 
percent (median 46 percent); 9 percent PLS; and 93,000 achenes or 315,000 seeds per pound {3,6,n 

Germination and Seedling Characteristics 

Pretreated seeds germinate rather slowly in 40 to 60 days at 68°F (night) and 86°F (day) temp~rature~ 
Ratings of fair initial stand establishment, fair rate of growth, and fair final stands in Utah revegetation W~ca 
suggests only fair seedling vigor. Moist chill achenes at 33° to 41°F for 2 to 6 mo~ths to enhaij'on 
germination. Achenes retain good viability only for2 years (6,7). Good growth rate of seedlings reporte, 
southern Idaho big game winter range but low survival (8) 
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MANAGEMENT 

Species used in seeding mixtures on special game range sites in the mountain brush type in Utah. It 
naturally invades disturbed sites, displaying potential for rehabilitation of disturbed soils. Wider use of 
species restricted by limited seed supplies and difficulty in collecting and handling seed. Reduce plant 
competition and animal populations before and during establishment. Plant's ropelike vines, feathery 
styles, and yellowish foliage are seasonally attractive, particularly in fall (3). 

ASSOCIATED SPECIES 

Common chokecherry (Prunus virginiana), cottonwoods (Populus spP.), willows (Salix spp.), boxelder, 
Rocky Mountain and bigtooth maples (Acer negundo, A. glabrum, and A. grandidentatum), rubber 
rabbitbrush (Chrysothamnus nauseosus), ponderosa pine (Pinus ponderosa), and Douglas-fir (Pseudot
suga menziesii) common~y occur in communities with virginsbower. Species is added to complex seed 
mixtures including several grasses, forbs, and other shrubs for game range improvement purposes. 
Species shows potential for revegetating upper slopes of cut and fills otherwise revegetated slowly by 
herbaceous species. 

PESTS AND DISEASES 

Seed and seedlings are pilfered and destroyed by small mammals. Leaf spots, in particular, and rusts occur 
rather commonly on foliage: downy mildew less commonly. 

IMPROVED VARIETIES 

None. 

REFERENCES 
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EPA-600-7-79-134 88 pp. 
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remove awns and appendages. U.S. Dept. Agr. Circ. 558. 15 pp. 
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(B)	 Holmgren, R. C. 1954. A comparison of browse species for revegetation of big game winter ra'1ges in southwestern 
Idaho. U.S. Dept. Agr., For. Serv., Intermountain For. and Range Exp. Sta. Res. Paper33. Odgen. UT. 12 pp. 
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Figure 68. Western vlrginsbower (Clematis ligusticifolia). Leaves and flowers x 1; pistillate flower x 2; 
staminate flower x 2; plumed achene x 2. (After C. L. Hitchcock et al. 1964.) 
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MEXICAN CLiFFROSE 
Cowania mexlcana Don. 

ORIGIN 

Native of southwestern U.S. and southern Great Basin. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Evergreen. microphyllous, aromatic shrubs or small trees. 

Stems rather stiffly erect, branching from gray, shreddy-barked single or multiple base(s}, 
and 3 to 20 feet tall. Leaves clustered on branchlets 1/2 to 1 inch long. revolute-margined 
and five to seven-lobed, gray 1O green. gland-dotted. and otten whitish beneath. Flowers 
showy. fragrant. about 3/4 inch across. solitary on branch lets and composed of five 
persistent sepals and five pale-ye!low petais, surrounding several pistils with attached 
plumelike styles that mature into dry achene-type fruit (1). 

Single trunked trees nonsprouting; multistemmed form often sprouting at base. Plants resume active 
growth in late winter or early spring and after soil moisture recharge; flowering mostly in May to June. 
sometimes earlier in southern locations, and intermittently two or three times with interrupted precipItation 
events; maturing mostly in July and .lI.ugust or later. Generally palatable winter browse for livestock and 
deer but strain unpalatable to livestock in southern Arizona suggests geographic strain differences. 
Species hybridizes with bitterbrushes (Purshia spp.) and, to limited extent. with Apache-plume (Faffugia 
paradoxa) (2). 

ECOLOGICAL RELATIONSHIPS 

Species grows on thin, rocky soils of both igneous and sedimentary origin. Thrives in the juniper-pinyon 
zone, particularly in calcareous soils and on immature limestone rocklands in the 12 to 16 inches MAP 
zones. Species also found at the edge of the salt desert and on southern exposures in the mountain shrub 
and ponderosa. pine types with lesser and more MAP. Strongly drought-resistant after fully established; 
less soin seedling stages. Thrives in fUll sunlight but exhibits fair shade tolerance, especially in the seedling 
stage. Some variation in frost sensitivity of seedlings to be expected from southern and low attitude strains, 
also in vigor when introduced from habitats differing much from planting site. Species g rows between 4,000 
and 8.000 feet in elevation. Species generally killed by wildfire; old one-stemmed specimens readily killed 
by chaining. dozing, or severing of main trunk. Quite tolerant of winter browsing; removal of 65 percent of 
current annual twig growth stimulates flowering and reproduction but browsing more than 80 percent 
causes plants to deteriorate. Competitive beyond the seedling stage and suitable for inclusion in seeding 
mixtures for exposed rocky slopes within its climatic toierances (2,3,4) . 

. CULTURE 

. ~nting Depth, Rate. and Time 

O.rill achenes '1/4 to 1 inch deep; cover broadcasted fruit with soil to similar depth; chain drag areas after 
airplane seeding to cover seed 8est rate of seeding unknown. Species rarely seeded or transplanted as 
Sole or dominant element in planting mixtures due to slow rate of stand establishment. More commonly, 
seeded at 1/2 to 1 pound per acre d rill rates in 8 to 10 pounds per acre total seed mixtures or at 1 to 2 pounds 
'f~r acre rates when broad casted in com plex seed mixtures of 12 to 20 pou nds per acre. Plant achenes in the 
alor early winter to naturally prechill seed and have seed In place before snowmelt. Prechilled seed 
~robably can be seeded satisfactorily in early spring or later if done just before reliable moisture comes. 
l3a~Sfactary stands can be established by transplanting seedlings grown in greenhouses or cold frames 
. , ,6). 

~Seed CI
~nlnQ and Ouaiity. . -- 

and p' k
 - IC. achenes. knock or shake them from busnes into containers or onto canvas. Dry material, 
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hammermill, or run through Dybvig cleaner and reclean in a fanning mill. Seed quality not standardized'8S 
percent purity; 90 percent germination; 76 percent PLS; and 65,000 seed per pound (3,5). . 

Germination and Seedling Characteristics 

Untreated achenes germinate rather slowly in 60 to 90 days; they germinate 70 percent or better in 28 day 
when subjected to alternating 50° and 86° F without prechilling and 90 percent in 10 days when prechille~ 
for 1 month at 37 ° to 41 ° F and ge rm inated at 50° and 86° F. Another test gave 80 to 100 percent germ inatio 
in 2 days at constant 70° F temperatures after 30 days prechilling at 57° F. Soaking fruit 1 hour in a3 percen~ 
thiourea solution improved germination in one test. Seedling vigor believed to be only fair, judging from 
Utah revegetation evaluations (3,5,6,7,8). 

MANAGEMENT 

Species seeded for game range improvement purposes in Utah in complex seed mixtures, especiallyin the 
juniper-pinyon type and on exposed sites in the mountain brush type. Species has potential for use in 
cont rolling roadside and gully erosion. Si mi la r in attractiveness for landscaping to antelope bitterbrush (P. 
tridentata) and apache-plume, but is somewhat more difficult to establish from transplants. Reduction in 
plant competition and populations during establishment important in stand success. Keeping animal 
populations in balance with forage/browse supplies ~elps sustain higher production and COver. 

ASSOCIATED SPECIES 

Junipers (Juniperus spp.), pinyon pines (Pinus spp.), big sagebrush (Artemisia tridentata). rabbitbrushes 
(Chrysothamnus spp.), green Mormon-tea (Ephedra viridis), blue grama (Boute/oua gracilis), galleta 
(Hi/aria jamesii), and numerous forbs occur mixed with cliffrose on southwestern rangelands. Species is 
used in seed mixtures for revegetating game ranges in Utah. 

PESTS AND DISEASES 

Small mammals take planted seed; a 1 percent Endrin-2 percent Arasan formulation in a suitable adhesive 
effective in preventing seed loss without causing loss in germination (5). One minor rust reported on plants. 

IMPROVED VARIETIES 

None. Stansbury cliffrose, C. mexicana stansburiana, a botanical variety first collected from Stansbury 
Island in Great Salt Lake, often is used for revegetating and landscaping in the Intermountain West. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 
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(4)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
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Figure 69. Mexican cliffrose (Cowania mexicana). Leafy stem x 1. 
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GREEN MORMON-TEA 
Ephedra viridis Cov 

ORIGIN 
. Native to the southern Great Basin and Southwest. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Evergreen-stemmed, deciduous, scale-leaved shrubs. 

Plants2 to 4 feet tall with many green, jointed, and grooved stems; branchlets bright green, 
clustered at nodes, borne parallel and erect like broom straws and resembling large 
horsetai Is (Equisetum spp.). Leaves lig ulelike scales, opposite at stem nodes, 1/8 inch long, 
thick-membranous and deciduous, leaving brown persistent bases. Sexes borne in 
separate plants; male cones spherical, about 1/8 inch diameter with yellow stamens and 
peria nth; 0'1 ulate cones ovoid, 1/4 inch long with th ree to five pa ir of egg-sha ped green ish to 
pale scales enclosing paired boat-shaped seeds (1). 

Plants flower in spring, mature May to July or later, and spread rather quickly by roots. Fair winter browse 
plant for livestock and deer; less palatable in summer. Green and attractive year-round, contrasting with 
drab gray vegetation in winter. Planted specimens attain 6 feet in height and 10 feet in width in deep, sandy 

·soils. Trimmed specimens uniquely ornamental (2). 

ECOLOGICAL RELATIONSHIPS 

Species common on shallow to medium depth sandy or rocky slopes and in valleys of the salt, southern 
sagebrush, and higher creosotebush deserts; desert grasslands; and Joshua tree, juniper-pinyon, and oak 
woodlands. Tolerant of calcareous, weakly saline, and slightly saline-alkaline (sodic) sites; sometimes 
found growing in clayey soils. Thriving in dry, well-drained sites, mostly in the 6 to 12 inches MAP lones; 
intolerant of wet sites and poor drainage. Plants drought-resistant, markedly so after initial seedling 
establishment. Local plant materials winter-hardy; distant southern or lower altitude seed sources may be 
frost-sensitive, especially in seedling stage. Species commonly occurs between 3,000 and 7,500 feet in 
elevation. Ephedra sites not commonly burned due to sparse, discontinuous fuels but some plants survive 
wildfire and spread by roots. More vigorous in full sunlight but grows in partial shade of open woodlands . 

. Plants weakly competitive due to slow growth rate; compatible with other shrubs and herbs but more so 
after seedlings are firmly established (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed 1 to 2 cm (c. 0.4 to 0.8 inch) deep, preferably by drilling in well-prepared, firm seedbed Always 
mix with other species when revegetating game ranges to help control weeds and counterbalance slow 
rates of growth and estab Iish me nt. One-ha If to 1 pou nd pe r ac re of seed used in 17 to 19 and 28 to 30 po und s 
per acre total seed mixes when drilling and broadcasting, respectively, in Utah game range revegetation. 
Seedings can be sown by airplane on disked or plowed lands or such seeded areas can be anchor chained 
When no site preparation precedes seeding. Plant before the growing season with soil moisture most 
dependably adequate for good germination and seedling establishment. Seedings are made in late fall, 
early Winter, or spring in intermountain areas (2,3,4). 

~ed Cleaning and Quality 

Harvest by knocking seeds from bushes into hoppers; dry, clean in fanning mill, then in Crippen EP-26 
dewinger, and reclean in fanning mill. Seed quality not standardized: 90 percent purity; about 60 percent 
germination; 54 percent PLS; and 25,000 seed per pound (3,4). 
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Germination and Seedling Characteristics 

About half of seed germinate in 5 to 12 days, and most germination is completed in 14 days in lab tests 
Alternating 59° to BJOF day and 36° to 41°F night temperatures optimal for germinating Nevada seed: 
Constant 55° F gave good germination. Germination may be improved by an afterripening period. ReSults 
from Utah range revegetation evaluations suggest seedling vigor and growth rate rather weak; plants takes 
to 10 years to attain 2 foot heights. Germination was reduced in -4 to -16 bars osmotic potential solutions' 
optimum was 0 to -4 bars (3,4,5). ' 

MANAGEMENT 

Species used in seed mixtures for revegetating depleted game ranges in the mountain shrub and juniper~ 

pinyon types and optionally in sagebrush type in Utah. Characteristics and qualities also suited for soil 
stabilization and highway and park beautification. Reduce plant competition and animal populations, if not 
already at low levels or excluded, during stand establishment, and balance animal populations with long 
term conservative usable herbage supply (3). 

ASSOCIATED SPECIES 

Common associates include common creosotebush (Larrea tridentala), shadscale saltbush (Atriplex 
confertifolia), fourwing saltbush (A. canescens), big sagebrush (Artemisia tridentata) , galleta (Hilaria 
jamesii), sand dropseed (Sporobolus cryptandrus), Utah serviceberry (Amelanchier utahensis), junipers 
(Juniperus spp.), and pinyons (Pinus spp.). Species seeded with a complex mixture of native and exotic 
grasses, forbs, and native shrUbs on Utah game ranges. Where feasible, better stands probably result from 
planting this species in rows separated from other faster developing species. 

PESTS AND DISEASES 

No serious insects or diseases documented. Some loss of seed and seedlings to be expected from small 
mammals and insects. 

IMPROVED VARIETIES 

None. Nevada Mormon-tea, E. nevadensis, more tolerant of soil salinity and germinates faster than green 
form; may be more useful in valley sites. Flowers and fruits in late winter and spring in warmerdesertsites. 

REFERENCES 
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Range Exp. Sta., Ogden, UT. 16 pp. 

(3)	 Piummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish and 
Game Publ. 68-3. Salt Lake City. 183 pp. 

(4)	 Vories, K. C. 1981. Growing Colorado plants from seed: a state of the art. Vol. I: Shrubs. U.S. Dept. Agr., For. Serv. 
Gen. Tech. Rep. INT-103. 80 pp. 

(5) Young. J. A. 1977. Ephedra seed germination. Agron. J. 69:209-211 



Germination and Seedling Characteristics 

About half of seed germinate in 5 to 12 days, and most germination is completed in 14 days in lab t 
Alternating 59° to 87° F day and 36° to 41 ° F night temperatures optimal for germinating Nevada sests. 
Constant 55° F gave good germination. Germination may be improved by an afterripening period. Re:~d. 
from Utah ra nge revegetation evaluations suggest seedling vigor and growth rate rather weak; plants ta~ t~ 
to 10 years to attain 2 foot heights. Germination was reduced in -4 to -16 bars osmotic potential sOlutio~s' 
optimum was 0 to -4 bars (3,4,5). ' 

MANAGEMENT 

Species used in seed mixtures for revegetating depleted game ranges in the mountain shrub and juniper 1 
pinyon types and optionally in sagebrush type in Utah. Characteristics and qualities also suited for soil 
stabilization and highway and park beautification. Reduce plant competition and animal populations, if not !
already at low levels or excluded, during stand establishment, and balance animal populations with long 
term conservative usable herbage supply (3). 

ASSOCIATED SPECIES 

Common associates include common creosotebush (Larrea tridentata) , shadscale saltbush (Atriplex 
confertifolia) , fourwing saltbush (A. canescens), big sagebrush (Artemisia fridentala), galleta (Hilaria 
iamesii), sand dropseed (Sporobolus cryptandrus), Utah serviceberry (Ame/anchier utahensis), junipers 
(Juniperus spp.), and pinyons (Pinus spp.). Species seeded with a complex mixture of native and exotic 
grasses, forbs, and native shrubs on Utah game ranges. Where feasible, better stands probably result from 
planting this species in rows separated from other faster developing species. 

PESTS AND DISEASES 

No serious insects or diseases documented. Some loss of seed and seedlings to be expected from small 
mammals and insects. 

IMPROVED VARIETIES 

None. Nevada Mormon-tea, E. nevadensis, more tolerant of soil salinity and germinates faster than green 
form; may be more useful in valley sites. Flowe rs and fruits in late wi nter and spri ng in wa rmer desert sites. 

REFERENCES 

(1) Harnngton, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 
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(3) Plummer, A. P., D. R. Christensen, and S. 8. Monsen. 1968. Restonng big game range in Utah. Utah Div. Fish and 
Game Publ. 68-3. Salt Lake City. 163 pp. 

(4)	 Vories, K. C. 1961. Growing Colorado plants from seed: a state of the art. Vol. I; Shrubs. U.S. Dept. Agr., For. Servo
 
Gen. Tech. Rep. INT-103.80 pp.
 

(5) Young. J. A. 1977. Ephedra seed germmatlOn. Agron. J. 69:209-211. 
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Figure 70. Green Mormon-tea (Ephedra viridis). Branch with flowers x 2. (G rowth form after EI more 1976.) 
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APACHE-PLUME 
Faflugia paradoxa (Don.) End!. 

ORIGIN 

Native to Southwestern United States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Semievergreen, spreading shrubs. 

Stems mostly ascending, smooth, white-barked, hairy to hairless and shreddy in age, upto
 
6 feet tall, branching from decumbent bases, rooting rhizomes, and stolon-like stems.
 
Leaves single or clustered, wedge-shaped in outline, divided into three to seven narrow,
 
round-tipped lobes, often hairy, and revolute margined. Showy applelike flowers 1 to 1 1/2
 
inches in diameter with 10 narrow bracts, five white petals enveloping numerous hairy
 
achenes equipped with distinctive feathery styles 1 t02 inches long, turning reddish-purple
 
early and bleaching white when fruit is mature (1).
 

Leaves evergreen in South and lower altitudes and persistent or deciduous in colder climates. Relatively 
shallow to moderately deep-rooted but vigorously ~preading and with underground rooting stems 
naturally retarding erosion on sloping land in gullies. New growth evident in early spring and after 
significant precipitation events, blooms intermittently summer-long but produces most achenes from early 
blooms. Fair to poor palatability to livestock and game animals, better palatability in winter for goatsand 
deer; provides cover for small mammals and ground dwelling birds (2). 

ECOLOGICAL RELATIONSHIPS 

Common on rocky or gravelly slopes and alluvial fans on medium to course-textured, well-drained soils. 
Tolerant of weakly saline and neutral to moderately basic soils. Sometimes a pioneer plant on raw slopes 
and lava flows in upper desert grassland and juniper-pinyon zones in Southwest. Common in the 10 to 18 
inches MAP zones; more thriftily growing with reduced competition on disturbed sites and in open "j 
communities. Cold-tolerant and hardy but be certain of adaptation of seed sources used due to some 
variability in these characteristics. Species grows between 3,500 and 8,500 feet in elevation. Good drought I 
tolerance although less productive, most evident in less flowering and seed production when stressed. I 
Plants thrive in full sunlight. Spreading rhizomes ensure fair tolerance to fire with quick recovery and I 
miniature thicket formGation. Weak seedling and early competitive ability; better sownl.whith qU(icke)r 1 
developing associates. ood compatability with mostassociatesand moresoafterfullestab IS ment 2,3 . 

CULTURE 

Planting Depth. Rate, and Time 

Nurserymen broadcast seed, roll seedbeds, and cover seed with 1/16 inch soil and 1/8 to 1/4 inch sand, 
indicating 3/16 to 5/16 inch planting depths; up to 1/2 inch depths probably usable on drier rangeland sites. 
Optimum rate of seeding unknown. Usually used as minor ingredient in seed mixes where adapted at 1/2 to 
1 pound per acre drill and broadcast rates in total seedings of 10 to 12 and 18 to 20 pounds per acre, 
respectively. Plant either in fall or spring; the species germinates without special pretreatment, hence 
seedi ng time should precede growing season with most de pendable moisture for establishment. Seedl ings 

or larger plants commonly transplanted for ornamental purposes, and wildings have been transplanted for 
erosion control. Difficult to propagate by root cuttings but can transplant divisions on small projects (4,5). 

Seed Cleaning and Quality 

Strip fruit or shake them from bushes onto canvas. Chop or rub them to break off styles and reclean to 
remove debris by fanning and screening. Seed should be cleanable in quantity by hammermilling and 
fanning, similar to Mexican cliffrose (Cowania mexicana) and mountain-mahogany (Cercocarpus spp.)· 
Seed quality: minimum of 90 percent purity; 70 percent germination or63 percent PLS standard in Utah for 
commercial seed; and an average of 540,000 cleaned seed per pound (3,4,5). 
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Germination and Seedling Characteristics 

About half of the achenes germinate under favorable temperature conditions in 14 days in seed lab testing 
but others may take 20 to 60 days to reach germination capacity. Optimum temperature for germination 
unknown but60 to 73 percent germination obtained in 60 days at 32° to 38° F. Seedling vigorappears to be 
rather weak, judging from ratings of only fair germination and poor initial establishment and rate of growth 
in Utah game range revegetation work. Germination is epigeal (3.4,5). 

MANAGEMENT 

Species included as minor ingredient in game range revegetation seed mixtures in the blackbrush. 
mountain brush, and juniper-pinyon range types in Utah. Considerably used throughout the Southwest, 
Southern Great Plai ns, and Southern Great Basi n States for ornamental sh rub and screen plantings. Plants 
spread from natural seed sources onto road borrow pits and shoulders and have been transplanted onto 
erosive areas Low palatability and spreading habits potentially useful for mined land reclamation. Reduce 
plant competition and animal populations during establishment and balance grazing/browsing pressure 
with dependable forage/browse supply. Moderate defoliation by grazing, mowing, and trimming induces 
denser spreading forms that are more attractive and useful for erosion control (2,3,6). 

ASSOCIATED SPECIES 

Naturally occuring with fourwing saltbush (Atripfex canescens), blackbrush (Cofeogyne ramosissima) , 
'rubber rabbitbrush (Chrysothamnus nauseosus), sk unkb ush sumac (Rh us trifobata), junipers (Juniperus 
spp.), true mountain-mahogany (Cercocarpus montanus), and numerous Southwestern and Southern 
Great Basin grasses and forbs. Commonly sown with complex grass, forb, and shrub mixtures for game 
range restoration in Utah Used in mass plantings with tamarix (Tamarix spp.), bladder-senna (Cofutea 
arborescensJ, a nd desert willow (Chifopsis linearis) for more attractive sum mer-long ornamenta Ish owi ngs 
in Southern Great Plains (2,3,6). 

PESTS AND DISEASES 

Rodents molest seed and seedlings. No diseases documented. Hornets, bees, and ants are attracted to 
flowers and may be source of some hYbridization with closely related Mexican cliffrose (2). 

IMPROVED VARIETIES 

None. Considerable selection and breeding work is underway. 

REFERENCES 

11) Harnngton, H. D. 1964. Manual of the Plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 
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of important intermountain shrubs. I. Rose family. U.S. Dept. Agr., For. Serv. Res. Paper INT-169. 36 pp. 

,(3) Plummer, A. P" D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish and 
Game Publ. 68-3. Salt Lake City. 183 pp. 

(4)	 Vories, K. C. 1981. Growing Colorado plants from seed: a state of the art. VoL I: Shrubs. U.S. Dept. Agr., For. Sew 
Gen. Tech. Rep. INT-103. 80 pp. 

(S} Deitschman. G. H., K. R. Jorgensen, and A. P. Plummer. 1974. Fallugia paradoxa. Apache-plume. Pages 406-408 in. 
C. S. Schopmeyer, Tech. Coord. Seeds of woody plants in the United States. U.S. Dept. Agr., For. Serv., Agr. 
Handb. 450. 883 pp. 

(6) Johnson, E. W. 1963. Ornamental shrubs for the Southern Great Plains. U.S. Dept. Agr. Farm Bull. 2025. 61 pp. 
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Figure 71. Apache-plume (Fallugia paradoxa). Plant height x 1/4: leaves x 1/2; flowers x 1: feathery fruit 
x 1/2. 



SPINY HOPSAGE 
Grayia spinosa (Hook.) Moq. 

ORIGIN 

Native ot the Intermountain West. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Spinescent, diffusely-branched, evergreen to deciduous shrub. 

Plants spreading to erect and 2 to 4 feet tall, with spinescenHipped branchlets and gray, 
shredding bark Leaves alternate, about 1 inch long, oblong to obovate, rather fleshy, 
round-tipped and scurfy gray. Plants mostly dioecious; male flowers small with four to five
parted perianth. Seed bearing flowers only two flattened and fused round bracts, white or 
reddish tinged, and winged in fruit. Fruit a nutletlike utricle, closely invested by the two 
scales (1). 

Moderately deep, generalized root systems. Plants resume visible growth in late winter to early spring, 
flower April to June, and mature fruit June to August. Plants evergreen in southern deserts but leaves 
deciduous in summer in northern deserts Fair to good palatability to sheep, goats, and deer, especially late 
fall, winter, and spring; fair to poor palatability for cattle and horses; browsed some by antelope and rabbits; 
provides cover for small mammals (2,3). 

ECOLOGICAL RELATIONSHIPS 

Species occurs in sandy to clayey and shallow, rocky soil sites in the Great Basin, Mojave, and Colorado
 
deserts; Columbia River Basin sagebrush, salt, and upper creosotebush deserts; and adjacent foothill
 
juniper-pinyon woodlands. It is tolerant of alkaline soils, less commonly found in saline soils, but also
 
grows on near-neutral soils. It is strongly drought-tolerant and grows in the about 5 to 12 inches MAP
 
zones. Strains and ecotypes show variation in cold tolerance; the species is found from near sea level to
 

~ 7,500 feet in elevation in California and through a great range of latitude from Arizona to Washington .
 
. Species thrives in full sunlight but grows mixed in shrublands and open woodlands. Recovery from fires is
 
, better than the resp0nse of big sagebrush (Artemisia tridentata). Fairly good tolerance to grazing, possibly
 
':due to early dropping of leaves, especially in northern part of its range; observations in California indicate
 
that moderate browsing stimulates twig and leaf production. Compatible with other species and 

'. competitive when fully established (2,3,4). 

,.CULTURE 

(.Planting Depth, Rate, and Time 

-'Optimal planting depth appears to be 0.5 to 1.0 centimeters (02 to 0.4 inch) in few tests reported. 
Broadcasting threshed seed on any surface or bracted seed on smooth or packed surfaces generally has 
~iven poor results. Slow developing species of woody plants usually are not seeded alone but in mixtures; 
,hopsage is used as an optional species, usually seeded in mixed seedings at 1 t02 pounds per acre on Utah 
:game ranges. Native sources of seed exhibit frost hardiness and are recommended for seeding either in 
~rly fall or early to late spring (3,4,5,6). 

~d Cleaning and Quality 

~trip fruits or knock them from branches into containers or onto canvas, run them through hammermill to 
Illmove papery scales, and clean product in a fanning mill Seed quality not standardized: 90 percent purity; 
'llnable 25 to 88 percent germination; and seed average 161,000 per pound bracted seed to 402,000 per 
~und dewinged, pure seed (5,6). 

~tion and Seedling Characteristics 

~st stratified seed com,~lete germina~ion in 8 to 10 days but unstratified seed require 30 days or longer in 
, tests MOist chilling stratification' penod decreases with age of seed from 60 to 80 days for fresh or 
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year-old seed to 14 days for 6-year old seed. Good germination reported at moisture stresses as Iowa -1 
and -16 bars using bracted seed but not with threshed seed, suggesting that bracts may help reg~1 t2 

osmotic potential of germinating seed. Germination response to temperature appears to vary with s a e 
source or ecotype; one lot from Mojave Desert germinated at 104° F while another from Nevada did ee~ 
Constant temperatures of 50° F and 59° F appeared to be near optimum in two tests. Utah evaluation~of 
poor initial establishment, rate of growth, and final establishment suggest only poor or fair seedling vig~r 
(3,4,5,6). 

MANAGEMENT 

Species rated rather low overall in 20 cha racteristics used to evaluate suitability for revegetating Utah game 
ranges but recommended for special use in the sagebrush and juniper-pinyon types Reduce plant 
competition and animal stocking during the establishment of seedlings. Probably betterto plant species in 
separate rows when sown in mixtures when feasible. Control of animal populations is chief requisite for 
maintenance of improved cover and production on reclaimed areas. 

ASSOCIATED SPECIES 

Naturally occurs in mixtures with big sagebrush (Artemisia tridentata), rabbitbrushes (Chrysothamnus 
spp.), shadscale saltbush (A/rip/ex confertifo/ia), winterfat (Ceratoides /anata), fourwing and other 
saltbushes (A triplex canescens. A. spp.), galleta (Hilaria jamesii), and other semidesert grasses, forbs, and 
shrubs. Infrequently seeded with mixtures of grasses, forbs, and other shrubs adapted in the sagebrush 
deserts, salt and Mojave deserts, and juniper-pinyon woodlands and to restore native covers to disturbed 
lands. 

PESTS AND DISEASES 

Rodent and small mammal removal of seed and browsing of developing stands sometimes needs control. 
No diseases reported. 

IMPROVED VARIETIES 

None. G. brandegei, spineless hopsage, slightly shorter, nonspinescent branched shrubs, slightly longer 
leaved and containing smaller keel-bracted fruit, occurs in Western Colorado, Utah. and Nevada. It has 
been rated markedly better for revegetation purposes on Utah game ranges (3). 
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Laramie. 
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Dept., Unlv. Calif., Davis. 5 pp. 
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in the United States. U.S. Dept. Agr., For. Serv.. Agr Handb. 450. 883 pp. 
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Gen. Tech. Rep, INT-103. 80 pp. 



lire 72. Spiny hopsage (Grayia spinosa). Vegetative, flowering and fruiting twigs x 3/4; utricle fruit x 5. 
.:rC.l. Hitchcock et aJ. 1964). 
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PROSTRATE SUMMER CYPRESS
 
Kochia prostrata (L.) Shrad.
 

ORIGIN 

Recent introduction from U.S.S.R., widely distributed in arid and semiarid areas there and westward t 
Central Europe and Mediterranean Sea (1). See map for distribution in the U.S. 0 

SPECiES CH/\RACTERISTICS 

Cool season and warm season perennial half-shrub. 

..\nnual branched stems gray-green to green. ascending to erect from a decumbent woody 
base and stout and deeply branched root system. Leaves succulent, silky, filiform to linear, 
mostly 1/8 to 1/2 inch, occasionally shorter ones clustered in lower axils. Inconspicuous 
flowers borne singly or several, often clustered, In axils of reduced leaves on upper 
branches. Fruit subglobose, surrounded by winged and hooded fUlZY perianth (2) 

Polymorphic species; some plants decumbent, others upright; some gray, others green; similar variation in 
pubescence. Palatable to livestock in U.S.S.R. and interseeded Into grasslands; reported to be palatable to 
big game as well as livestock in Utah but palatability vanable among strains Nutritionally similar to 
fourwing saltbush and winterfat with lower, safe oxalate content and nontoxic. Rather weak regrowth after 
defoliati on (1,2,3,4). 

ECOLOGICAL RELATIONSHIPS 

Some strains thrive on sands and sandy and stoney soils; others grow on saline and sodic soils. Strain 
differences exist in production with varying salinity levels; tested strains were tolerant to strong salinity. 
Tolerant of poor soils and mined soils of low fertility. Good stands produced in Lower Sonoran Zone in 
southwestern Utah and in sagebrush and open shrubland sites. Apparently thrives in intermediate 12 t018 
inches MAP lones but may grow in 8 to 12 inches or iower precipitation lones. Strains tested in some of the 
Utah studies did not tolerate close clipping and declined in production in a 1 to 2-inch multicut regime. 
Preliminary clipping studies in Oregon suggest it may be sensitive to fall defoliation (5). Species may be 
shade-intolerant. Resprouts after fires. Some strains may be too competitive for use with other desirable, 
less aggressive species. Species readily self-seeds and spreads, often growing out of crested wheatgrass 
(Agropyron cristatum) tufts (1,3,6.7). Reported tolerant of normal levels of 2,4-D (5). 

CULTURE 

Planting Depth, Rate, and Time 

Drill or broadcast seeds and cover with soil only to 1/4 inch depths. Drill 3 to 4 pounds PLS per acre for 
ra nge revegetation purposes. Increase rate whe n broadcasting and for harsh or critical sites. Some airplane 
seeding being done, because small seed is adapted for broadcasting. Plant seed in late fall to help 
overcome dormancy in seed and to take advantage of late winter-early spring moist ure (3). Studies indicate 
germination is sensitive fo fluctuating surface soil temperatures; germination better at moderate seedbed 
temperatures (8) Obtaining consistently satisfactory stands is a research problem (5). 

Seed Cleaning and Quality 

Ha rvest small sta nds by hand-stripping, run mate rial th roug~ a Dybvig seed cleaner to remove fuzzy bracts, 
and clean in fanning mill. Field row plantings can be harvested by combining or by swathing and then 
threshing, followed by ~se of Dybvig cleaner and fanning mill. Seed quality not standardized: acceptabl~ 
purrty 90 percent; germinatIOn only about 50 percent with much dormant seed; PLS about 45 percent. an 
500,000 seed per pound (3,6) 

Germination and Seedling Characteristics 

Satisfactory germination. variable field emergence. either good or poor, and good seedling vigor repo~ed 
from recent testing In Utah. Stands may head out by end of first growing season under favorable grOWing 
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conditions (1,3). One study reported best germination from November harvest, air drying, and storing at 
4°C for 3 months and higher germination from var. canescens than from var. virescens (9). 

MANAGEMENT 

species is being used for reclaiming strip mined soils and for game range restoration in intermountain 
region It is used for interseeding into grasslands in U.S.S.R. Reduction in competition, particularly from 
overstory vegetation, is usually necessary before, or as part of, seedbed preparation. Reduced animal 
stocking and suppression of aggressive weeds is helpful in obtaining better stand establishment where 
practicable. Sound range and game management should ensure some longevity of stands after 
establishment. Soviet scientists recommend a rotation grazing scheme with periodic rests or deferment 
during growing season. 

ASSOCIATED SPECIES 

Species occurs in native stands mixed with sagebrush (Artemisia tridentata) and crested wheatgrass 
(Agropyron cristatum) on solonetzic soils and with steppe grasses, forbs, and shrubs in sandy and stoney 
soils in U.S.S.R. Experi mentally bei ng tested with crested wheatg rass and other species for use in restori ng 
big game ranges and for soil stabilization purposes. 

PESTS AND DISEASES 

None known but some insect and rodent damage and game concentration and injury of small stands to be 
expected. 

IMPROVED VARIETIES 

None. Several accessions being evaluated. Consult with plant materials specialists for approved or 
released strains. 

REFERENCES 
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(6)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134.88 pp. 

(7) Francois, L. E. 1976. Salt tolerance of prostrate summer cypress. Agron. J. 68:455-456. 

(8) Young, J. A. 1981. Germination of Kochia prostrata seed. Agron. J. 73:957-961. 
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Management. Oreg. Agr. Exp. Sta. Special Rep. 549, Burns, OR. 39 pp. 
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Figure 73. Prostrate summercypress (Kochia prostrata) Plant x 1/3. 
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Figure 73. Prostrate summercypress (Kochia prostrara). Plant x 1/3. 



SHRUBBY CINQUEFOIL 
Potenlilla fruticosa L. 

ORIGIN 

Native to cool, moist areas of western and northern United States. Circumboreal. See map for distribution 
in the U.S. 

SPECIES CHARACTERISTICS 

Small, long blooming, deciduous or persistent-leaved shrub. 

Stems erect to ascending from shreddy-barked, reddish-brown branches 1 to 4 feet tall. 
Leaves pinnate with three to seven, typically five, entire, narrowly oblong leaflets, 
somewhat whitish beneath and weakly revolute-margined. Inflorescence cymose or 
solitary flowered; flowers with five bright yellow, round, roselike petals bearing numerous, 
fuzzy hairy, dry achenes with very short deciduous styles (1). 

Shallow to moderately deep, generalized root system; capable of sprouting from root crown. Plants resume 
growth early spring to early summer, bloom late May until fall or killing frosts, and mature fruit late summer 
until fall. Low palatability to livestock and game animals; soil stabilizing and highly ornamental. 
Polymorphic with several horticultural varieties (2). 

ECOLOGICAL RELATIONSHIPS 

Adapted to wide range of soils and grows well in most soil textural classes except dense clay and loose 
sand. Tolerant to moderately acid to moderately basic and weakly saline soils. Only fair to weakly moderate 
drought tolerance and definitely thriving in mesic to semihydric, meadowlike habitats. Present in 16 to over 
20 inches MAP zones but more vigorous in moister or irrigated sites. Thrives under irrigation in drier 
western and northern regions. Cold-tolerant and winter-hardy, evidenced by occurrence in boreal regions 
and from moist northern Great Plains to alpine areas. Grows in habitats usually too moist for fires to spread, 
greatly damaged when intensely burned but sometimes fair recovery by sprouting after spring fires. 
Moderate shade tol3rance, growing in willow thickets but flowers more abundantly in nearly full sunlight. 
Tolerant of moderate defoliation by grazing, browsing, or shearing; injured by intense, repeated 
defoliation, especially when coupled with dry site or drought conditions. Weakly moderate competitor and 
compatible with herbaceous vegetation, more so after establishment or if transplanted (3,4). 

CULTURE 

!:§nting Depth, Rate, and Time 

~ptimum depth unknown Suggest planting achenes 1/4 inch deep or less or cUltipack surface sown seed 
In well prepared seedbeds. Limited use made in revegetation mixtures for restoration of game ranges in 
Utah, probably at less than 1 pound per acre. Seedings may be made from early spring toearly July or from 
October until ground freezes; latter date takes better advantage of early spring snowmelt moisture. Some 
Seedings made by airplane in fallon either plowed or disked areas, relying on natural soil sloughi ng to cover 
seed or covering seed by pulling a light anchor chain across seeded area. Drilling in spring and late fall is 
;eCOlTlmended whenever possible. Areas must be rather moist for successful direct seeding. Most 
andScaping and some disturbed soils vegetated by planting bare-footed or container stock or transplant
Ing Wildings (3,5) . 

.~Cleaning and Quality 

;. ~~rvest small lots of seed by hand-stripping or larger lots by hand-operated metal or plastic see.d-strippers. 
·s OUld be amenable to vacuum harvesting. No cleaning records; suggest fanning once or tWice If necessary. 
'peed quality: purity unknown, probably low; germination 55 to 82 percent; and about 1 million seed per 
. oUnd (3,5,6). 
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Germination and Seedling Characteristics 

Ratings in Utah of poor germination and initial establishment. average growth rate, and gOOd f 
establishment suggests possibly weak seedling vigor. May take over 5 years for full stands to develoPf:~al 
seed Rather difficult seed handling also reported (3,5). m 

MANAGEMENT 

Minor component of seeding mixtures used on depleted game ranges in aspen openings and sUbalpine 
range types in Utah. Should be useful in mountain meadows, both wet and dry. Rated moderate prioritYfo 
alpine and subalpine land revegetation and for roadside and critical site stabilization and beautification fo~ 
development of planting materials at Upper Colorado Environmental Plant Center at Meeker, Colorado. 
Commonly planted as landscaping for homes, building sites, and parks. Reduce plant competition and 
animal populations to minimum during establishment and balance grazing/browsing pressure with forage 
and browse supply for stand establishment and maintenance (3). 

ASSOCIATED SPECIES 

Species occurs along drainages with willows (Salix spp.). alders (Alnus spp.). and birches (Betula sPP.);at 
edges of meadows and aspen groves with sedges (Carex spp.), rushes (Juncus spp.), tufted hairgrass 
(Deschampsia caespitosa), and a great variety of other grasses, forbs. and woody plants. Seeded in 
complex mixtures of browse and herbaceous species for game range restoration. 

PESTS AND DISEASES 

Seeds eaten and removed by small animals; succulent seedlings browsed and older ones barked. Spider 
mites sometimes damage ornamental plantings (2). 

IMPROVED VARIETIES 

None for wildland purposes. At least seven horticultural varieties exist. Candidate for selection and-' 
breeding improvement when seed production and handling limitations are overcome. 

REFERENCES 
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(3) Plummer,	 A. P., D. R. Christensen. and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish ~ 
and Game Publ. 68-3. Salt Lake City. 183 pp. 

(4) Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157~. 
EPA-600-7-79-134. 88 pp. 

(5) Vories, K. C. 1981. Growing Colorado plants from seed: a state of the art. Vol. I: Shrubs. U.S. Dept. Agr., For. Sarv. 
Gen Tech. Rep. INT-103. 80 pp. 

(6) Dittberner,	 P. L., and G. Bryant. 1978. The use of the plant information network in high altitude revegetation. 
Pages 82-94 .!.!.:l S. T. Kenny, ed. Proceedings: High altitude revegetation workshop. NO.3. Colo. State Univ.lnfor. 
Series 28. Fort Collins. 
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Figure 74. Shrubby cinquefoil (Potentjlfa fruticosa). Branch with ieaves x 1: leaf x 1 1/2. 
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COMMON CHOKECHERRY 
Prunus virginiana L. 

ORIGIN 

Native to eastern and cooler western regions of the United States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Deciduous, loose thicket-forming shrubs or small trees. 

Plants 5 to 30 feet tall, sometimes dwarfed or more treelike. Stems numerous, slender, 
reddish-brown, ascending to erect with prominent lenticels, loosely branching from base, 
and from upright to spreading main branches. Leaves alternate, mostly oblong with serrate 
margins and abruptly pointed apexes, dark green above and pale below. Inflorescence of 
clustered, many flowered racemes. Flowers white petaled, cup-shaped, and bearing 
lustrous red to purplish-black, round, berrylike drupes (stone fruit) (1). 

Rhizomatous with extensive, shallow roots and few deep feeder roots Sprouts readily from stump and root
 
and tends to form thickets, particularly after fire or severing of stems. Plants leaf out in spring to early
 
summer, flower 1 to 3 weeks later, and mature fruit in late summer to fall, varying regionally and
 
environmentally. Palatable browse for large domestic and game mammals and provides food and coverfor :
 
birds, small mammals, and large, omnivorous mammals. Plants naturally arrest soil erosion (2).
 

ECOLOGICAL RELATIONSHIPS
 

Common in moist sites like drainages, ditches, and road shoulders and in cool and moist foothill, montane,
 
and canyon habitats. Adapted to wide range of soil textures except dense clay; intolerant of poor drainage
 
and prolonged spring flooding and high water tables. More common in silty or sandy soils with good depth,
 
fertility, and drainage. Tolerant of moderately acidic (to pH of 5.0), moderately basic, and weakly saline-~-io:"I!I'
 

soils. Present in 12 to over 30 inches MAP zones; selectively more abundant in moist or seasonally moist 
sites in semiarid zones and in open communities and disturbed moist sites of subhumid zones. Fair drought 
tolerance, but sexual reproduction and vegetative growth noticeably reduced. Drought, coupled with 
diseases, shortens life of plants. Generally winter-hardy and cold-tolerant; likely to be variations in 
thriftiness of plant materials from habitats greatly differing from planting site. Strongly moderate shade , 
tolerance but more productive of fruit and blossoms in full sunlight or light shade. Aggressive root and 
sucker sprouting after fire and moderately tolerant of grazing. Sometimes dwarfed and thinned by 
concentrations of game in winter. Compatible with many woody nonevergreens and strongly competitive. 
with herbaceous vegetation (2,3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed (stones) about 1/2 inch deep in moist, firm seedbeds or up to 1 inch deep in coarser soils and 
looser seedbeds or when seeding in fall. Optimum seeding rate on rangelands not known Nurserymen 
plant 25 seeds per square foot which result in 3 t034 percent established plants. On Iy fractional rates of 1 to 
2 pounds per acre drill and broadcast seeding rates, respectively, used in total seed mixtures of 10 to 30 
pounds per acre in Utah game range restoration. Sow unstratified seed in fall before ground freezes and 
stratified seed in early spring; former practice more common on rangelands. Sow stratified seed when most 
seeds have just cracked stones but before radicles have elongated to avoid breaking radicles Better 
establishment reported from planting 1 or 2-year old stock; also when supplementary water given t~ 
seedlings during first year. Variable results reported from di rect seeding due to seed source variations. Fa~ 
results reported from transplanting bare-rooted stock in Black Hills of South Dakota but plants showe 

periodic die back from tips on open ponderosa pine and burned-over sites (2,3,5,6,7). 
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~ed	 Cleaning and Quality 

Hand-pick, strip, or beat fruit trom bushes into containers or onto canvas. Run fruit through a Dybvig 
cleaner with water to remove fleshy parts and dry. Seed quality not standardized: 98 percent purity; 77 
percent germination; 73 percent PLS; and cleaned seed averages 4,790 per pound (3,5,6). 

Germination and Seedling Characteristics 

About half of unstratified seed germinate in 60 days. Some seed may germinate as late as 120 days after 
planting. Stratified seed germinate in 40 days under alternating 50° F night and 77° F day temperatures In 
seed labs "Stratification" consists of moist chilling seed at 36 to 41 xF for 120 to 160 days. Germination is 
epigeal. Slow germination and only average growth rate in Utah investigations and height growth of 
plantings in Black Hills indicate va riable but probably only fair seedling vigor there Better vigor should be 
expected in moist sites and from using improved seed or planting stock (5,6,7). 

MANAGEMENT 

Species used in seed or planting mixtures for revegetating game ranges in Utah. Planted for windbreaks, 
hedges, and low maintenance landscaping in prairie-plains and western mountains and planted on coal 
minesoils in Kentucky and Tennessee. To establish good stands, reduce plant competition and animal 
populations. Balance herds with forage supply to sustain improved cover and production (3). 

ASSOCIATED SPECIES 

Common chokecherry commonly associates with cottonwoods (Populus spp.), boxelder maple (Acer 
negundo), serviceberries (Amelanchier spp.), Rocky Mountain and bigtooth maples (Acer glabrum, A. 
grandidentalum), pinyon (Pinus edufisJ, Rocky Mountain juniper (Juniperus scopulorum), and ponderosa 
pine (Pinus ponderosa). It is seeded or planted with some of the more useful Shi ubs, grasses, and forbs that 
are adapted in the mountain brush, pinyon-juniper, and ponderosa pine types in the West. 

PESTS AND DISEASES 

Rodents may need to be controlled to establish seedlings on wooded or brushy rangelands. Species is 
susceptible to a black knot fungous disease which shortens life of plants unless removed by pruning. 
VUlnerable to the virus X disease of stone fruits so do not plant or seed near orchards. Susceptible to 
fireblight and tent caterpillar damage. Plants contain hydrocyanic acid, which may be deadly when 
consumed by all animal life, particularly after plants are stressed by drought or frost. 

IMPROVED VARIETIES 

None. Two forms of the species. western (P. demissa) and black {Po melanocarpaJ, sometimes recognized. 
American plum (Po americana) and sand plum (Po besseyi) sometimes used for conservation and wildlife 
stabilizati on purposes. 

REFERENCES 
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EPA-{)00-7-79-134.88 pp. 

(5)	 Varies, K. C. 1981. Growing Colorado plants from seed: a state of the art. Vol. I: Shrubs. U.S. Dept. 
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Figure 75. Common chokecherry (Prunus virginiana). Leafy tWig x 1: fruit x 4/5; flowering twig x 1. 
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ANTELOPE BITTER BRUSH 
Purshia tridentata (Pursh) DC. 

ORIGIN 

Native to Intermountain West and adjacent areas. See map for distribution in the U.S. ·Gerr-
Rate 

SPECIES CHARACTERISTICS . in 1L 

35 0 F 
Small to medium-sized. deciduous-leaved shrub. . gro\ 

vari:Plants 2 to 6 feet tall, with numerous smooth reddish twigs growing erect from intricately 
Janl

branched stems, arising from spreading main branches which sometimes layer. Leaves 
gro'small, 1/4 to 1/2 inch long, wedge-shaped and with three-lobed tips similar to big sagebrush 
inet(Artemisia tridentata) in shape but dark green above, weakly revolute-margined, and often 

clustered. Flowers borne singly on short, laterial branchlets composed of five-lobed, top anc 
'selEshaped calyx tube; five yellow to white petals, early deciduous, and one to two short styles 
barpersistent to hairy, grooved, spindle-shaped achene fruit (1). 

Plants polymorphic with prostrate and upright rooting and nonrooting forms. Finely-branched, fibrous roo 
MPsystem varying widely in depth. Plants resume growth with leaf emergence in early spring to early summe? •
 

flower soon afterward, and ripen fruit about 2 months later, varying geographically as to date. TWiQ.
 
elongation is rather rapid between flowering and seed ripening but slower thereafter. Fairly palatable to Fe\
 

thE 
livestock; more so to sheep and during spring and fall. Highly palatable to most big game animals; br< 
especially in Winter; provides cover, protection, and some food for small mammals and birds (2,3). (et 

se, 
m,ECOLOGICAL RELATIONSHIPS 
fo 

Species adapted to a wide range of soils; tolerant to most textures but thrives in moderate to deep, well,. al 
drained, medium to coarse-textured soils. Tolerant of moderately acid to moderately basic but nonsaline' .sr 
soils. Present on soils of either igneous or sedimentary origin and rather common on granitic soils. Plants': C( 

adapted to semiarid to subhumid habitats, usually in the 8 to about 20 inches MAP zones. Good droughr''''-~:"!'''- ·kE 
tolerance and survival but twig growth and fruiting affected by moisture stress. Species generally cold el 
tolerant with ecotypic and geographic variations. Use local native or tested sources orstrains. Grows upto 9 
11,000 feet in elevation in California but is more common between 4,000 feet and 8,000 feet through much of p 
its range. Weakly shade-tolerant; more thrifty in full sunlight. Burning or wildfire usually very destructive of p 
this mostly nonsprouting shrub, but some survival occurs with sprouting ecotypes, particularly when rain 
follows qUickly. Established plants show moderately strong grazing and browsing tolerance and greater 
tolerance in winter than during the grOWing season. They also show good compatibility with a wide variety 
of herbs and are moderately competitive after establishment (2,3,4,5). 

CULTURE 

Planting Depth, Rate, and Time 

Dnll seed in a clean, firm seedbed with a rangeland drill about 1 inch deep, adapt depth slightly deeper or 
shallower according to moisture, texture, and seedbed firmness. Cover broadcasted seed with soil to 
similar depth. Optimal rates for pure seedings apparently not critically tested, probably because most 
seeding are made in mixtures to avoid waiting 5 to 10 years for bitterbrush to develop usable forage 
supplies. Rates of 1/2 to 1 pound per acre, 1 to 2 pounds per acre, and 2 to 3 pounds per acre, drilled and 
broadcasted, are prescribed in game range restoration in Utah. Seed are planted most commonly in late fall 
or early winter to accomplish a natural stratification overwinter but treated seed can be planted in spring or 
later with adequate moisture. Limited transplanting of nursery grown seedlings orcontainer stock has been 
done, usually in spring (3,4,5). 

Seed Cleaning and Quality 

Beat or shake ripe seeds from bushes into canvas hoppers of suitable containers. Limited success reported 
using an experimental vacuum harvester. Fan collections to remove nonseed material, run seed through a . 
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Crippen EP-26 dewinger or barley debearder to separate fruit from husks, and reclean in a fanning mill. 
Seed quality not generally standardized: 90 percent acceptable pUrity; 85 percent germination; 76 percent 
PLS: and 15,400 cleaned seed per pound (3,4,6). 

Germination and Seedling Characteristics 

Rate of germi nation varies greatly in lab testi ng; about one-third to two-th irds of seeds appear to germi nate 
in 14 or 15 days but many do not complete germination for 30 days unless pretreated by moist chilling at 
350 F for 1 to 3 months. Field evaluations rate germination very good, initial establishment good, rate of 
growth average, and final establishment good in Utah, suggesting at least average seedling vigor. Great 
variation in growth rate from different seed sources also noted in other tests in which seeds from a 
Janesville, California, source grew more rapidly than seed from local sources after the first year. Species 
grown from seed in Ephraim Canyon, Utah, had average maximum terminal shoot lengths of 29 and 48 
inches and ranked 6th and 9th, at end of 5th and 10th growing season, respectively, among 19 species in 
another test Species ranked first in field germination and transplanting survival among four and six 
selected species in the ponderosa pine type in western South Dakota. Container stock was superior to 
bare-rooted stock in this test (6,7,8). 

MANAGEMENT 

Few shrubs excel more than bitterbrush in range and big game range seedings in its zones of adaptation in 
the Intermountain West. Palatability may detract from wide use on disturbed lands, unless grazing and 
browsing animals are controlled. Competition must be reduced to a tolerable minimum by site preparation 
(chaining, brush!and plowing, or cultivation) or scalping before or at time of seeding or planting. Hansen 
seeder scalper is recom me nded when seedi ng in cheatg rass and an n uals. Stand establishment and su rvival 
may be better if bitterbrush is sown in rows, strips, or blocks separate from, or alternating with, grass and 
forbs to reduce competition. Irrigate container plants before setting out and bare-root stock immediately 
after planting when feasible; where possible, plant in contour or irrigable low grade furrows or provide a 
small water retaining basin about plantsset out by shovel. Fertilization, particularly on disturbed minesoils; 
control of aggressive weeds; periodic irrigation as needed during initial year; and withholding grazing and 
keeping wildlife populations, including small mammals, at low levels improve survival, growth rates, and 
earlier forage supply. Generally avoid removing more than 50 percent of current annual growth during the 
growing season and 60 percent during dormant fall and winter seasons. Stagnant stands of older-aged 
plants sometimes may be stimulated to greater twig production by moderate topping, suggesting need for 
periodic close browsing in winter (4). 

ASSOCIATED SPECIES 

Bitterbrush grows with big sagebrush (Artemisia tridentata), black sagebrush (A. nova), true and curlleaf 
mountain-mahogany (Cercocarpus montanus, C. ledifofius) , rubber rabbitbrush (Chrysothamnus nause
osus), mountain snowberry (Symphoricarpos oreophifus), Saskatoon serviceberry (Amelanchier afni
folia), Stansbury cliff rose (Cowania mexicana stansburiana), golden cu rra nt (Ribes aureum), and Rocky 
Mountain and big tooth maple (Acer gfabrum. A. grandidentatum). Seeded in mixtures with other shrubs, 
herbs, legumes, and grasses on blackbrush, sagebrush, mountain brush, juniper-pinyon, and aspen game 
range types in Utah. 

PESTS AND DISEASES 

Small mammals (including rodents) feed on plants and kill them. Use of Endrin and Arasan mixtures has 
effectively reduced girdling, loss of seed, and sometimes controls seedling diseases. Great Basin tent 
caterpillar, mountain mahogany looper, and western tussock moth attack foliage. Thrips, seed midge, and 
leaf tiers affect seed crops. Cutworms and false wireworms kill seedlings. Crown-dieback, footrots, and 
damping-off diseases occasionally occur. 

IMPROVED VARIETIES 

None. Some crosses with P. glandufosa, desert bitterbrush, a sprouting species, and other closely related 
rosaceous shrub species appear promising. 
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region. Pages 72-119 ~ Wildland Shrubs Symposium and Workshop Proceedings, Provo, Ut. 
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Figure 76. Antelope bitterbrush (Purshia tridentata) Flowering branches x 1. 
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SKUNKBUSH SUMAC 
Rhus trilobata Nutt. ex. 1. & G. 

ORIGIN 

Native to Great Plains, Intermountain, and Southwestern United States. See map for distribution inth~U. 

SPECIES CHARACTERISTICS 

Deciduous, thicket-forming shrubs, 2 to 6 feet tall. 

Stems fine hairy and ill-scented, erect to spreading from loosely spreading wood' 
b:anches. Leaves mostly trifoliate with 1 inch long, obovate leaflets, each with shallow~ 
tnlobed apexes. Inflorescence splkellke panicles with flowers appearing before leaves'" 
Flowers small, yellow, five-petaled, bearing orangish-red, glandular, hairy, drupelike fruit' 
containing one boney nutlet seed (1). ' 

Deep and extensively branched roots with somewhat shallow, spreading woody rhizomes, readilyronaoo 
crown sprouts when tops severed or burned. Plants resume growth in spring, flower 1 to 3 weekS'b~fare 

leafing out, and mature fruit late summer to fall. Low to fair palatability to livestock and game aiH,.,.co<,......." 
provides emergency food and cover for herbivores, small mammals, and birds (1,2). ., . 

ECOLOGICAL RELATIONSHIPS 

Tolerant of most soil textures; often common on hot, dry, shallow rocky foothills, but found as seconda 
species in plains sandhills and suited for planting as a sand trap barrier in extremely sandy soils. Thrl~~D 
well-drained soils; intolerant of flooding and high water tables. Well-adapted in the 10 to 20 inches MJ 
zones; thriftier in coarse-textured or disturbed soils and somewhat open communities. Moderately'Slro'ryg 
drought tolerance; acute droughts shorten cu rrent twig growth and prevent fruit prod uction. Warm.?eas"Q 
generally winter hardy within its native range but apt to be some die-back or frost injuryfrom soutne '. or: 
low altitude ecotypes. Thriftier in full sunlight and only tolerant of partial shade Good fire and gra "1.9 
tolerance due to sprouting habit and low palatability. Plants strongly competitive when established. 18 'Int 

only fair compatibility with herbs but somewhat better compatibility with shrubs (2,3). . 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed about 1/2 inch deep or 1/4 inch shallower or deeper in moister and fine-textured soils ordrierarrd 
coarse-textured soils, respectively. Use 1 to 2 pounds per acre in browse-herb mixtures for gameT"qg. 
improvement. Not feasible to use at full stand rates except in critical erosive sites where low palatabili~r.a 
spreading habits advantageous. Better to plant seedlings or transplant wildings under those co~dltro",s 
Plant 25 seed per linear foot of row for growing nu rsery stock. Plant not stratified or scarified seed iniallOf 
winter and seed moist-prechilled 30 to 90 days in spring or later with adequate moisture and grow n,g 
season to develop adequate roots for overwintering. Scarify by bleaching in sulphuric acid. Plants ia1'8 
readily reproduced from stem and root cuttings and established by transplanting (4,5). 

Seed Cleaning and Quality 

Harvest by hand-picking fruit or berry clusters into containers. Clean seed by beating fruit in canv~ss~ll1. 
and fanning or running through a Dybvig cleaner with water, drying, and then cleaning In a fannl~%'ffUit 
Seed quality not standardized: 90 percent purity; 75 percent germination; 68 percent PLS; and 8,0 
and 20,000 cleaned seed per pound (2,4,5). 

Germination and Seedling Characteristics 

About three-fourths of viable seed germinate in 15 days; others may take 30 days or longer in lab~::·. 
Germination in Rhus is epige~l. Utah evaluations rate germination poor, initial esta?I.lshment POO~5y~rs 
rate average, and final establishment good, suggesting slow stand development, wnlch may take '. 
or longer to attain maturity. Transplants develop more rapidly (2,5). 



MANAGEMENT 

species included in game range revegetation mixtures in juni per-pinyon and mountain shrub types in Utah. 
promising when transplanted on mineland reclamation sites in Wyoming and C%rado(6). Reported to be 
mong best species for planting on roadsides and disturbed soils in Utah. Reduce plant competition and 

animal populations to enhance seeding or seedlings establishment. Generally balance grazing/browsing 
~ressure with conservative forage supply. but periodic close use, cabling, or burning where safe and other 
species mostly resistant, when carefully managed, may improve production and cover (2) 

ASSOCIATED SPECIES 

Mountain-mahoganies (Cercocarpus spp.), serviceberries (Amelanchier spp), junipers (Juniperus spp.), 
Gambel and turbinella oaks (Quercus gambell"i, Q. turbinella) , big and sand sagebrushes (Artemisia 
tridentata, A. filifo/ia), rabbitbrushes (Chrysothamnus spp.), and many herbs and other shrubs naturally 
grow in mixtures with skunkbush. Complex mixtures of native and introduced grasses, forbs, and shrubs 
are seeded with it in Utah. 

PESTS AND DISEASES 

Rodents steal planted seeds and may eat and girdle young plants. Plants generally appear to be disease
resistant. 

. IMPROVED VARIETIES 

'Bighorn', developed in New Mexico from a collection in Bighorn Basin, Wyoming, is a tall form reported to 
be adapted from New Mexico to North Dakota and Montana. R. trilobata is polymorph ic with great variation 
in plant form and size and leaf characte ristics; a singleleaf form val'. simplicifolia, occu rs in southern areas. 

REFERENCES 

(1)	 Johnson, K. L., and E. S. Anderson. 1980. Conservation planting handbook for Wyoming and Colorado. Univ. 
Wyom. Agr. Ext. Serv., Laramie. n.p. 

(2)	 Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Dlv. 
Fish and Game Publ. 68-3. Salt Lake City. 183 pp. 

. (3) Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA 600-7 -79-134. 88 pp. 

.(4) Varies, K. C. 1981. Growing Colorado plants from seed. Vol. I: Shrubs. U.S. Dept. Agr., For. Servo Gen. Tech. 
Rep. INT-103. Ogden, UT. 80 pp. 

( ) Brinkman, K. A. 1974. Rhus. Sumac. Pages 715-719 in C. S. Schopmeyer, Tech. Coord. Seeds of woody plants 
in the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 450. 888 pp. 

261 



Figure 77. Skunkbush sumac (RhuS trilobata). Fruiting branch x 1. 
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GOLDEN CURRANT 
Ribes aureum Pursh 

ORIGIN 

Native to much of western United States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Deciduous, small to medium-sized, irregular-shaped s~,rlJb. 

Stems srnooth and branching from root crowns and older branches, erect or ascending. 
Plants spread by underground rhizomes. Leaves round kidney-shaped, three- to five-lobed, 
with round apexes, toothed-margins, and wedge to heart-shaped bases. Inflorescence a 
leafy, few to many flowered, raceme. Attractive, spicy-fragrant, bright-yellow tubular 
flowers with short yellow to red-tipped petals, enclosing a juicy; globe-shaped; red, yellow, 
or black; many-seeded; berry fruit; varying in color on different plants (1). 

Plants resume growth in early spring, bloom in spring, and mature fruit in summer, varying considerably 
with altitude and environment Fairly palatable to livestock and good palatability to game animals in spring 
and summer. Plams provide cover for birds and small mammals and attract birds, which spread seed in 
droppings (2). 

ECOLOGICAL RELATIONSHIPS 

Species widely distributed, but never abundant, in fertile, wen-drained, loamy soils. Usually present in 
moist and often in disturbed soils along roads, ditches, and drainageways. Apparently moisture
demanding for best growth: grows well in moist sites in 12 to over 20 inches MAP zones having at least the 
equivalence of 20 inches MAP. Moderate drought tolerance, which affects herbage and fruit production, 
but rarely survival. Tolerant of weakly acid (as low as a pH of 6.0) to weakly basic soils. Cold-tolerant and 
winter hardy. but varies some among countrywide sources in soil and climatic adaptation. Adapted to all 
but dense forest shade, taller in shade but with greatly reduced flower and fruit production, probably optimal 
location in semishade or at edge of shade. Fair tolerance of fire in dormant state: good tolerance of 
browsing and graZing, and shearing; readily survives by sprouting and spreading. Good competitiveness 
and compatability (3.4,5). 

CULTURE 

Planting Depth, Rate, and Time 

Nursery seedings made 1/8 to 1/4 inch deep and mulched: rangeland seedings might be made at 1/2 inch 
depth in drier sites with better survival expected. Nurserymen seed at rate of 40 PLS per linear foot of row. 
Best rate on rangelands nat documented. Many seedings optionally include currant seed as minor 
component, perhaps at 1/2 to 1 pound per acre, in range seedings for game range restoration or controlling 
erosIon Fall preferred seeding time; stratified seed can be sown in spring. Areas also revegetated using 
nursery or container stock and rooted cuttings (6,7) . 

.~ Cleaning and Quality 

..~arvest seed by hand-picking. stripping into containers, or knocking fruit onto canvas. Dry collections, fan 
,In fanning mill. and float off unfilled seed. Seed quality not standardized: 95 percent purity; 60 percent 
. germination; 57 percent PLS: and 233,000 seed per pound (3,6,7). 

:"~ination and Seedling Characteristics 

.~ermination rathe, slow In lab testing, usually taking 60 days with some delayed germination after that . 
. errnlnatlon is epigeal Fairly good vigor indicated by goad initial establishment, growth rate, and final 
. establishment in Utah game range revegetation evaluations. Moist prechilling for 60 to 90 days enhances 
~ermination of spring planted seed (3,6,7), 
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MANAGEMENT 

Species used for hedges, windbreak windward rows, and landscape plantings in northern and t 
prairie-plains regions; in seeding and planting mixtures for game range revegetation; and cons~~n rat 
excellent for planting to stabilize roadsides and disturbed area~ in intermountain areas. Com e~~ed 
vegetatIon and animal populatIOns need to be reduced to obtain satlsfactorystand establishment. B~lanng 
graZing and browSing pressures wIth forage supply; occasIonal close defoliation (browsing, shearin Ce 
fire, where feasible and safe) improves appearance and may stimulate greater production (3,4,8). g, Or 

ASSOCIATED SPECIES 

Commonly associated with rabbitbrush (Chrysot~amnusspp.), Rocky Mountain .and bigtooth maples (Acar 
glabrum, A. grandldentatum), Saskatoon serviceberry (Amelanchler alnrfolla). common ChOkecherry' 
(Prunus virginiana), Rocky Mountain juniper (Juniperus scopulorum), ponderosa pine (Pinus ponderosa) 
boxeJder maple (Acer negundo), willows (Salix spp.), and cottonwoods (Populus spp.). Currant seed i~ 
sown or nursery stock planted in mixtures with other herbs and woody plants, most cOmmonly for game 
range restoraton. Species sometime used for outer shrub rows in windbreaks but not recommended for' 
single-row windbreaks. 

PESTS AND DISEASES 

Rodents remove seed from new seedings. Bacterial disease kills canes; use resistant strains and safest to: 
use root cuttings of resistant strains. Species is alternate host of white pine blister rust; do not plant 
currants where five-needled pines are nearby (2). 

IMPROVED VARIETIES 

None. Species readily crosses with other species of Ribes. Consult plant material specialists for bacteri~h' 

resistant strains. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

(2) U.S. Forest Service. c. 1976. Some important native shrubs of the West. U.S. Dept. Agr., For. Serv., Intermountai' 
For. and Range Exp. Sta., Ogden, UT. 16 pp. 

(3)	 Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. Fish and.': 
Game Publ. 68-3. Salt Lake City. 183 pp. ... 

(4)	 Thornburg, A. A. 1982. Plant materials for use on suriace mined lands in arid and semiarid regions. SCS-TP-157:: 
EPA 600-7-79-134 88 pp. 

(5)	 Wright. H. A.. Dept. of Range and Wildlife Manage., Texas Tech Univ .. Lubbock. Personal communication. June2, 
1982. 

(6) Vories,	 K. C. 1981. Growing Colorado plants from seed: a state of the art. Vol. I: Sh rubs. U.S. Dept. Agr., For. Servo 
Gen. Tech. Rep. INT-103. Ogden, UT. 80 pp. 

(7)	 Pfister, R. D. 1974. Ribes. Currant, gooseberry. Pages 720-727 in C. S. Schopmeyer, Tech. Coord. Seeds of woodY 
plants in the United States. U.S. Dept. Agr.. For. Ser., Agr. Handb. 450. 883 pp. 

(8)	 Johnson, K. L.. and E. S. Anderson, Eds. 1980. Conservation planting handbook for Wyoming and Coloradfl. 
Univ. Wyom. Agr. Ext. Serv., Laramie. n.p. 
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i lJ~~~8, Golder. currant (Ribes aureum), Branch x 1/2; flower x 31/2; fruitx 1. (Flower and fruit after C. L, 
ck et ai. 1861: growth form after Elmore 1976). 
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WOODS ROSE 
Rosa woodsii Lind!. 

ORIGIN 

Native to intermountain West and adjacent Great Plains. See map for distribution in the US 

SPECIES CHARACTERISTICS 

Deciduous, prickly, briar patch-forming shrub. 

Stems woody and perennial, 2 to 6 feet tall, rarely taller, often with prominent nodal prickles 
and bristly stems but variable and sometimes smooth Leaves odd-pinnate with 5 to 11 
elliptic or broader leaflets. up to 1 inch wide and 2 inches long, serrate-margined and with 
fused basal stipules. Flowers rarely single, usually4 to 15, borne in flat or convex-topped 
clusters on lateral shoots from old wood; each with a shiney green to red, round or urn
shaped. fleshy calyx (hip) with five rose colored petals and containing 15 to 30 dry, bony, 
and hairy achene seeds (1). 

Roots shallow and much branched; plants with spreading rhizomes; readily sprout and sucker. Plants 
renew growth in spring, flower in late spring and summer, and mature hips from midsummer until fal~ 

varying much with elevation and exposure. Foliage moderately palatable to livestock and big game;: 
provides protective cover in summer; persistent fruit provides winter food for birds and small mammals' 
which disperse seeds (2). • 

ECOLOGICAL RELATIONSHIPS 

Species common in well-drained loamy to sandy soils of plains, foothill, and mountain sites. Tolerant of . 
moderately acid to weakly basic but mostly non-sa line soils. Intolerant of poor drainage, high water tables, 
and prolonged flooding. Most abundant in disturbed soils and open communities with reduced competition. 
Aggressive pioneer in abandoned fields, road borrow pits and shoulders, fence rows, field edges. gullies, 
and land cuts and fills. Common in 12 to over 20 inches MAP zones, more abundant in 16 t020 incheszon 
and along drainages with equivalent of 20 inches MAP, but nearly as dependent on open communities and 
disturbed soils. Moderately drought-tolerant; markedly less flower and fruit production when stressed but 
rhizomes drought-resistant. Moderately shade-tolerant, occurring in other than dense forests, but more 
floriferous in full or nearly full sunlight. Strongly fire-tolerant, except for smoldering fires with heavY' 
volumes of surface fuel. Strong g razing tolerance but dwarfed and thinned by intense grazing, browsing, or 
defoliation continued summer-long. Only moderately competitive and fairly compatible with herbs (3,4). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed or broadcast and cover with soil 1/2 to 3/4 inch deep, varying depth shallower/deeper W~.tfl 
smaller/larger seeds, finer/coarser soils, firmer/looser seedbeds, moister/dryer sites or seasons. and Wlt~ 
spring/fall seedings. respectively. Best rate of seeding unknown, and species seldom sown alone seed~.. 
at rates of 1/2 to 1 pound pe r acre when drilled or broadcasted in complex seed mixtures of 10 to 20 poun 5 

per acre and 20 to 30 pounds per acre for drilling and broadcasting, respectively, on Utah game rang s.:
Freshly cleaned seed can be sown immediately, warm stratified for late fall sowing, orstratified andsown I~ 
spring; optimum date apparently not critically tested and probably dependent on most cost effective ~eed 
handling and on seeding before the most consistently moist growing season where irrigation not practlc~., 
Plants are readily propagated from root cuttings and seedlings or wildings sometimes transplanted (3,5, ). 

Seed Cleaning and Quality 

Harvest hips by hand-picking, knocking, or beating into hoopers or containers. Either macerate in wa~; 
and float off pulp or run hips through Dybvig cleaner with water, dry, and clean in fanning mill; ch.o~d: 
dependent on available equipment and whichever method is more efficient. Seed quality not standard~znd 
95 percent purity; no germination data on record; germination rated poor in Utah revegetatIOn trials, a 
about 48,000 seed per pound (3,5,6). 

266 



---Germination and Seedling Characteristics 

Seedcoat dormancy contributes to low and delayed germination in rose seeds. Germination capacity of 
WoodS rose reported to be attained in 30 to 40 days. Stratifierl seed of many rose species germinate in 15 
days. Evaluations show good growth rate and very good final establishment in Utah seedings of Woods 
rose; suggests fairly good vigor, despite poor initial establishment associated with poor germination (5,6). 

MANAGEMENT 

Species used sparingly in wildlife plantings, for erosion control, and as an ornamental. Rated high potential 
species for roadside and critical site stabilization and beautification and medium potential for subalpine 
and alpine revegetation by the Upper Colorado Environmental Plant Center at Meeker, CO. Necessary to 
reduce plant competition and animal populations on sites during establishment period if seedings and 
plantings are to succeed. Balance the grazing/browsing with the conservative forage supply for minimal 
maintenance and perpetuation of improved cover. Periodic close use, mowing, or burning under safe 
conditions with enough surface fuel, may improve the appearance and stimulate production of this species 
(3). 

ASSOCIATED SPECIES 

Common chokeberry (Prunus virginiana), quaking aspen (Populus tremuloides), common Douglas-fir 
(Pseudotsuga menziesii), ponderosa pine (Pinus ponderosa), mountain snowberry (Symphoricarpos 
oreophilus) , russet buffaloberry (Shepherdia canadensis), red elderberry (Sambucus racemosa var. 
pubens). and lupines (Lupinus spp.) are common associates. Species is sown in complex mixtures of 
grasses, forbs, and shrubs in game range restoration work in Utah. It can be transplanted either as nursery 
stock or Wildings on road cuts and fills and should be used in other disturbed soil situations (3). 

PESTS AND DISEASES 

Rodents probably most serious hazard to new seedings by consuming seeds and girdling seedlings. Roses 
affected by quite a variety of mostly fungal diseases: leaf spots; rusts; downy mildews; blights; and cankers, 
but seldom serious. 

IMPROVED VARIETIES 

None. Two taxonomic varieties recognized: Rosa ultramontana most common in intermountain region and 
R. woodsii, smaller leaved and shorter plants, common in Rocky Mountains and adjacent plains (2). Hansen 
hedge rose (R. rugosa) often used in conservation, windbreak, and wildlife plantings in Colorado and 
Wyoming. 

REFERENCES 

,Ill Harrington. H. D. 1964, Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc .. Chicago, IL. 666 pp, 

(2)	 Blauer, A. C., A. P. Plummer, E. D. McArthur. R. Stevens, and B. C. GUinta. 1975. Characteristics and hybridization 
of important shrubs. I. Rose family. U.S. Dept. Agr., For. Sew Res. Paper INT-169. 36 pp. 

(3)	 Plummer, A. P., D. A. Christensen, and S. B. Monsen. 1968. Restoring big game range in Utah. Utah Div. 
Fish and Game Publ. 68-3 Salt Lake City. 183 pp. 

4) Thornburg. A, A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA 600-7-79-134 88 pp. 

(5)	 Vories, K. C. 1981. Growing Colorado plants from seed: a state of the art. Vol. 1: Shrubs. U.S. Dept. Agr .. 
For. Servo Gen. Tech. Rep. INT-l03. Ogden, UT. 80 pp. 

!6) Gill, J. D., and F. L. Pogge. 1974. Rosa. Rose. Pages 732-737 !.D. C. S Schopmeyer, Tech. Coord. Seeds of 
woody plants in the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 
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Figure 79. Woods rose (Rosa woodsii). Floweri ng twig x 21/2; fruit of var. 'u Itramontana' (above) x 2; fruit of 
var. 'woodsii' (below) x 2. (Fruit after C. L. Hitchcock et al. 1961). 
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Figure 79. Woods rose (Rosa woodsii) Flowering twig x2 1/2; fruit of var. 'ultramontana' (above) x2; fruit of 

var. 'woodsii' (below) x 2. (Fruit after C. L. Hitchcock et aL 1961). 
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SILVER BUFFALOBERRY 
Shepherdia argentea (Pursh) Greene 

ORIGIN 

Native to western United States. See map for distribution in the U.S 

SPECIES CHARACTERISTICS 

"Thorny, deciduous shrub or small trees. often thicket-forming. 

Plants with dense, ascending to erect, thorny branches, silvery when young, up to 13 feet
 
tall. Leaves silvery scurfy, oblong, 1 to 2 inches long. Flowers borne single or clustered at
 
nodes, the two sexes in different plants (dioecious); pistillate flowers smal" yellow, and
 
petalless; the four-lobed calyx closely investing the juicy, red, tasty, drupelike, one-seeded
 
fruit (1).
 

Roots shallow, extensive, well-branched, and capable of fixing nitrogen. Plant spread by underground
 
stems and readily sucker sprout. Plants resume growth in very early spring, usually soon after snowmelt;
 
flower in spring to early summer, very soon after leaves start; and mature fruit in late summer and fall,
 
varying with environment and source of planting stock. Generally poor palatability to cattle, poor to fair
 
palatability to sheep and deer, attractive to bees and insects, and furnishes fair food and cover for bi rds and
 
'mammals; not commonly spread much by animal droppings (2,3). 

ECOLOGICAL RELATIONSHIPS 

'Species rather indifferent to soil texture; more commonly growing in well-drained medium to coarse soils;
 
Jound in slightly acid to mostly basic, saline soils. Common on moist to seasonally wet sites in semiarid
 
:zones and in more exposed sites in subhumid and colder edges of its range. Fairly common in 12 to 20
 
inches MAP zones or with equivalent moisture; rather weak drought tolerance, appearing weaker and
 
shorterlived on the southern edge of its range, probably variable by source and ecotype. Generally winter
 
hardy, but probably variable by source when imported. Rather intolerant of shade but sometimes grows in
 
semiwooded bottoms. Fair fire-tolerance in dormant state due to sprouting rootstocks. Strong grazing
 
resistance, aided by thorny branches and root sprouting, make it suitable for a barrier-type hedge or
 
screen. Strongly competitive except with taller woody plants; rather incompatible except with equally
 
competitive and grazing-resistant species (2,3,4).
 

CULTURE 

~nting Depth, Rate, and Time 

10 nursery practice, seeds are planted 1/4 inch deep and covered with up to 1 inch of mulch; suggests that
 
seed could be planted, perhaps to advantage, at depths up to 3/4 inch in coarse, dry, and loose soil or in fall
 
.under wild land cond itions. About 50 percent seedling establ ishment is expected in the nu rsery bed whi Ie 5
 
.? 15 percent establishment would be good survival from seeding under d ryland field conditions Species is
 
..sed as a minor addition to game range revegetation mixtures in Utah at unspecified rates; most similar
 
'Species are added at 1 to 2 pounds per acre rates in total seeding mixtures of 10 t030 pounds per acre Seed
 
can be sown in the fall orseed moist-prechilled ("stratified") for3 months can be sown in spring or probably
 
later where late summer moisture is more reliable or with irrigation. Buffaloberry can be transplanted by
 
,-- gging root sprouts from wilding s or from nursery-grown stock. 01 der stock is often used for landscapi ng;
 
2.,Q planting stock is used in reclaiming eastern coal minesoils (3,5,6).
 

~Ieaning and Quality 

Ha~est by stripping or by flailing fruit onto canvas after they turn yellow or red. Sift out light debris and run
 
llit through a macerator or Dybvig cleaner with water, float off pulp, dry, and fan. Seed quality not
 

~.andardized: 90 percent purity; about 60 percent germination; 54 percent PLS; and 41,000 cleaned seed
 
r~r POund. 
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Germination and Seedling Characteristics 

The majority of viable seed germinate in 20 days, but some delay germination up to 60 days ir I 
Ratings of fair initial establishment, rate of growth, and final establishment suggest fair seed;' ab tests. 
Germination is epigeal. Bare-rooted stock planted in ponderosa pine forest and on an old burn in\~g ~gor. 
Hills of South Dakota made slightly greater height growth in a 10-year period than antelope bitt e black 
(Purshia triden/ala) and true mountain-mahogany (Cercocarpus montanus) (5,6,7). er rush 

MANAGEMENT 

Species used for a variety of purposes to reclaim eastern mine spoils, as outer row in multirow windbre k 
with supplemental water, for wildlife plantings, hedges, barriers, and low maintenance landscapi~ s 
Remove competi ng vegetation from planti ng sites for better establishment; water plants when set out if s~i 
moisture inadequate. Transplanting of root cuttings of 2-D stock, fencing off areas, and irrigatio~ 
suggested for critical site reclamation (2,3). 

ASSOCIATED SPECIES 

Species tend to grow in small colonies or thickets without much undercover; associated vegetation maybe 
grasslands. mountain shrubs, or woodlands eitherof mountain slopes orcommonlyalong riparian areas or 
floodplains. Species is planted in separate rows, strips, or blocks, usually with associated species widely 
spaced. Sometimes used as a special ingredient in seed mixtures for unique sites in the mountain brush 
type in Utah. 

PESTS AND DISEASES 

Rodents may steal planted seed and girdle young plants. An oystershell scale and heart rot sometimes 
weaken or kill plants. 

IMPROVED VARIETIES 

None.	 Russet buffaloberry (S. canandensis) rarely used in mountainous West. 

REFERENCES 

(1) Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago. IL. 666 pp. 

(2) Jorlnson	 K. L., and E. S. Anderson. 1978. Conservation planting handbook for Wyoming and Colorado. Unlv. 
Wyom. Agr. Ext. Serv.. Laramie. n.p. 

(3) Plummer,	 A. P., D. R. Christensen, and S. B. Monsen. 1968. Restoring big game range In Utah. Utah Div. Fish 
and Game Publ. 68-3. Salt Lake City. 183 pp. 

(4) Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA 600-7-79-134.88 pp. 

(5) Vories,	 K. C. 1981. GrOWing Colorado plants from seed. Vol. 1: Shrubs. U.S. Dept Agr.. For Servo Gen. 
Tech. Rep. lNT-103. Ogden. UT. 80 pp. 

(6)	 Thilenius, J. F. 1974. Shepherd/a. Buffaloberry. Pages 771-773!.!l C. S. Schopmeyer, Tech Coord. SeedS of woody 
plants in the United States. U.S. Dept. Agr .. For. Serv., Agr. Handb. 450 883 pp. 

(7)	 Dietz, D. R., D. W. Uresk. H. E. Messner, and L. C. McEwen. 1980. Establishment, survival. and growth of 
selected browse species In a ponderosa pine forest. US. Dept. Agr., For. Serv. Res Paper RM-219. 11 pp. 



le re 80. Silver buffaloberry (Shepherdia argentea). Branch x 2; fruit x 6; flower x 53/4. (Fruit and flower 
.r C. L. Hitchcock et al. 1961; growth form after Elmore 1976). 
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WESTERN SNOWBERRY 
Symphoricarpos occidentalis Hook. 

ORiGIN 

Native to the Great Plains and Rocky Mountains. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Deciduous, short, dense colony-forming shrub. 

Plants with erect to spreading, perennial stems, weakly branching from woody base and 
short main branches, usually 2 to 4 feet tall. Leaves opposite, thick, oval, and entire to 
irregularly-lobed. Flowers in axillary or terminal, spikelike clusters of small bell-shaped 
corollas. with pink or rose petallike lobes, slightly exserted, hairy styles, and mature into 
greenish-white, two-seeded, berrylike drupes (1). 

Roots denseiy branched, mostly in surface soil, and intermixed with stout, spreading rhizomes, forming 
thicketllke patches, often excluding other vegetation. Plants resume growth in spring, flower late springto 
early summer, and ripen fruit sum mer to fall, not until October in parts of Montana. Palatabi lity low to 1air for 
cattle and sheep, good for deer; provides good cover for birds and small mammals (2). 

ECOLOGICAL RELATIONSHIPS 

Species adapted to most soil textures; least common in loose sand. Tolerant of imperfectly drained soils 
and considerable flooding, but not of prolonged flooding and permanent high watertables. Fairlycommon 
in both weakly basic and weakly acid soils. Plants grow in the 12 to over 20 inches MAP zones; more 
prevalent in bottomlands, draws, swalelike depressions, and flood plains. More conspicuous in disturbed 
sites of hillsides, roadsides, fencerows. and overgrazed and thin prairie-plains sad. Remarkablydrought
tolerant but shortened in height, growth, and fruiting by acute moisture stress. Local plant material winter 
hardy. Species occurs in Canada and up to 8,500 feet in elevation in Rocky Mountains. Tolerant of open 
woodland shade and thrives in nearly full sunlight. GraZing and fire-tolerant; injured by fire but usually 
sprouts and becomes thicker afterward. Strongly competitive, particularly in dense colonies, and probably 
not very compatible with herbs unless planted at very sparse rates and managed (2) 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed 1/4 inch deep 0 r up to 1/2 inch deep; use dee per depth for seeding in drier, coa rser textured, and 
looser seedbeds and when sowing in fall. Nurserymen may need to plant 150 to 200 pure seed per square 
foot to obtain 30 seedlings per square foot. Optimum rate for seeding rangelands is unknown; one 
established plant per square yard should prOVide an adequate stand in 3 t05 years or1 plant per square foot 
by end of first or second season. Most wildlife and range usages should use sparse rates in mixtures with 
faster developing and germinating grasses, forbs, and other shrubs adapted to sites and purposes. Species 
is readily propagated by cuttings: it may be more economic to transplant cuttings or wildings into critical 
and disturbed sites, such as mined lands, and to irrigate until plants are established. Plant warm-stratified 
seed in fall or seeds mOlst-prechilled for 9 months in spring or later with adequate moisture (3,4,5,6). 

Seed Cleaning and Quality 

Hand-pick or strip fruit into containers or flail from bushes onto canvas. Dry collections, sift out the light, 
nonfruit material, extract seed by moving fruit through a macerator or Dybvig cleaner with water, then dry 
and fan Seed quality not standardized: 90 percent purity; no precise germination data, one lot with cutting 
test of 84 percent and 52.000 cleaned seed per pound produced 8,600 usable plants per pound of seed. Of 
several lots stratified in moist sand at room temperature, followed by 150 days at 36° to 40° F, the best lot 
produced only 10 plants from 6 grams of seed (about 1 percent germination if seeds of average size) (7). 
Average cleaned seed per pound, 74,400 (3,4,5). 
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.atter in their caches. 

Germination and Seedling Characteristics 

No germination data reported in usable form in the literature. Recent Montana tests showed no germination 
after 2 years of testing. Nutlet/ike seed have hard, impermeable endocarps and incompletely developed 
embryos at harvest time making germination difficult. Warm stratification at 86° F for 3 to 4 months is 
reported to be adequate pretreatment for fall planting, but such seeds need 6 months of moist-prechilling 
treatment for spring planting. "Practical quantities" of seedlings reportedly obtained by placing nutlets in 
soil in flats left outdoors for one summer and the next winter (8). Germination is epigeal Plants5 years old 
grew 3 1/2 feet tall and had a spread of about 4 feet at Woodward, Oklahoma (3,4,6). 

MANAGEMENT 

Dense colony stand pattern makes species suitable for disturbed land stabilization. Species rated as high 
priority plant material for oil shale restoration and wildlife habitat improvement at the Upper Colorado 
EnYironmental Plant Center at Meeker, CO .. Due to seed collection, processing, and germination 
problems, a need for research and smallscale trials in transplanting stem cuttings and sprigging rhizome 
pieces is suggested. Cutting should be irrigated when set out and as needed afterward until well 
established. Plant competition needs to be reduced to minimum during the first season. Seedings of the 
species should be mixed with other adapted browse and forage plants and preferably planted in rows, 
strips, or blocks separately from grasses. Critical, erosive sites need complete exclusion of grazing during 
-establishment, and animal populations and stocking should be balanced with forage supply on noncritical 
sites after establishment. 

SSOCIATED SPECI ES 

Cottonwoods (Populus spp.), boxelder maple (Acer negundo), green ash (Fraxinus pennsylvanica), true 
and mixed prairie grasses and forbs. and eastern Rocky Mountain foothill shrub and ponderosa pine 
,community members occur in natural assemblages with western snowberry. Its use is rather rare and 
\probably is safer when planted alone on critically disturbed soils. 

"!='ESTS AND DISEASES 
'. 

Rodent chewing of stems and some girdling is probably chief hazard. Only minor rusts and leaf spots occur 
n foliage. 

None. Coralberry (S. orbiculatus) , a prairie-plains species, similar to S. occidentalis, but with a red, 
!)errylike fruit, is called coralberry or indiancurrant. 

Jdely distrib uted intermountain and Pacific Northwest species. somewhat si milar, but has hai rless styles 
, orterthan corolla, hat ry twigs, and lower leaf su rfaces Fai r germination of 30 to 80 percent reported after 

!phuric acid treatment and cold stratification for 6 months. 

Upright shrub with longer, tubular flowers and elongated, egg-shaped, white, berrylike, drupe fruit; very 
JlImon in aspen-fi rand spruce-fir forest types of Intermountai n West. Satisfactory germ inati on reported 
en planted in fall in seed mixtures for big game ranges in Utah. Transplanting of pUlled-Up Wildings and 

eces of stem with roots reported to be especially successful when done in early spring. Field mice help 
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Figure 81. Western snowberry (Symphoricarpos occidentalis). Branch x 1/2; flower x 2 3/4; within corolla 
23/4. (After C. L. Hitchcock et al. 1959). 
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ROCKY MOUNTAIN MAPLE 
Acer glabrum Torr. 

ORIGIN 

Native to Western United States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Deciduous, bushy shrub or small tree. 

Usually 5 to 15 feet tall but rarely 20 to 30 feet tall, with a narrow crown and short mUltiple 
trunk up to 12 inches in diameter. Branches ascending to erect and somewhat short. Bark 
smooth, reddish-brown, and thin. Leaves opposite three to five-lobed, rarely with three 
distinct leaflets, doubly serrate, dark green above and shining gray below, contrasting with 
reddish petioles. Small dioecious flowers in clusters; pistillate produces broad winged, 
colorful double samaras, each containing a round, brown "seed." Species variable in 
stature, leaf form, and fruit. Variety douglasii, a northwestern form, has leaves with shallow 
sinuses, lobes sharply serrate to base, wings of fruit erect and sinuses round between 
wings, and sometimes up to 40 feet tall with 18 inch diameter trunks (1). 

Roots woody, extensive, and variable in depth. Plants moderately suckering at base. Pia nts leaf out in early 
to midsp~ing; leaves faintly streaked with red in summer and turn pale golden-yellow in fall. Plants flOwer 
April to June and mature fruit August to October. Poor to fair palatability to livestock, varying 
geographically, used more by sheep and goats; fairly good palatability to deer and elk, particularly var. 
douglasii. Lower palatability in winter; provides considerable cover for birds, small mammals, and for 
watershed protection (2,3,4). 

ECOLOGICAL RELATIONSHIPS 

Commonly grows along stream banks, canyons, and moist mountain slopes; mostly in silty to sandy or 
gravelly and rocky soils; and mostly in moderately acidic to neutral or slightly basic, well-drained soils. 
Tolerant of imperfectly drained soils, however, and periodic floodi ng and seasonally moderately high water 
tables. Adapted to specifi c sites in the 12 to over 25 inches MAP zones, more closely tied to drainage in more 
arid zones, but on drier exposures northward and in higher elevations. Species occurs up to 6,000 feet in 
elevation in North and to 9,000 feet in elevation in South Good winter hard iness generally but considerable 
variabi lity to be expected among regional sources of seed or planting stock. Weakly to moderately drought
tolerant, varying considerably by geographIc strain and probably ecotype. Moderate shade tolerance but 
growing and fruiting more vigorously in nearly full sunlight. Good tolerance of fires and usually sprouts 
afterward; may be invigorated by light intensity fires. Competitive after seedling establishment but not very 
compatible with many herbaceous species (1,2,3). 

CULTURE 

Planting Depth, Rate, and Time 

Drill seed 1/4 to 1 inch deep, adapting depth to soil texture and moisture, looseness of seed bed, and se~son 
of planting. Vigorous seedlings produced in nurseries from seeding rates that result in 15 t030 seedl,ng.~ 
per square foot but precise seeding rate for direct seeding under wildland conditions not documented, 1 

known. Species probably usable like bigtooth maple where latter not native; as minor ingredient, probably 
at about 1 pound per acre rates. in game range revegetation mixtures in upper mountain shrub, open 
conifer, and aspen types. Plant unstratified seed in fall and stratified seed in spring or later with irrigatIOn or 
adequate moisture. Poor results reported with transplanting in Utah. Better survival reported from uSlllg 
older (2-0 or 2-2) plants instead of seedlings for planting stock (3,4,5). 

Seed Cleaning and Quality 

Pick samaras from trees or collect them by whipping or shaking them from trees onto canvas or plat:~ 
sheets. Fruit can be dewinged in mechanical dewingers and cleaned by fanning. if necessary, be 0 



Plummer, A, P.. 

~) Olson, D, F" 

80 pp. 

planting. Seed quality not standardized: 90 percent purity should be possible; 40 percent germination; 36 
percent PLS; and 13,000 seed per pound (4,5). 

fiermination and Seedling Characteristics 

After stratification, germination occurs in about 30 days in the seed lab. "Stratification" treatment 
recommended: wa rm stratify at 68 to 86° F for 6 months; then moist chill at 37 to 41 ° F for6 months. Optimal 
temperatures for germination in lab are 50° to 60° F. Germination is epigeal. Performance in Utah rated 
poor for germination, rate of growth, final establishment, and ease of planting and very poor initial 
establishment suggests inferior seedling vigor, as well as field germination (3,4,5). 

MANAGEMENT 

Species used to limited extent for wildlife planting and native landscaping in mountain or adjacent areas. 
Considerable attractiveness of foliage and watershed protection potential, in addition to wildlife food and 
cover values. Necessary to reduce plant competition and grazing and browsing pressure to obtain stand 
establishment. Seeding or planting maple in rows, strips, or blocks, separate from other species. may 
increase stands and persistence, Balance animal stocking with forage/browse supplies for minimum 
maintenance (3), 

ASSOCIATED SPECIES 

Douglas-fir (Pseudotsuga menziesii), common chokecherry (Prunus virginiana), Saskatoon serviceberry 
(Amelanchier alnifolia). boxelder maple (Acer negundo), quaking aspen (Populus IremuJoides), and 
innumerable herbs and other shrubs grow with this maple. It can be seeded with other adapted species with 
proper precautions during planting and establishment. Species probably better established by planting 2
year old or older stock in small patches on specific sites, either for wildlife and aesthetics or for critical site 
stabilization. 

PESTS AND DISEASES 

.Rodents expected to depredate seeds and seedlings. A pathogen attacks leaves and turns them partly red 
..during growing season (2,3). 

i.IMPROVED VARIETIES 

i None. 

~'Higtooth ma pie 
\Acer grandidentatum Nutt. 
~ 

;Similarto A. glabrum, shrubs to trees up t040 feet tall and 10 inches in diameter, platey-scaly trunks. Leaves 
simple with shallow sinuses and rounded, nonserrate lobes, Leaves turn scarlet, at least partially, in fall and 
'S rikingly aesthetic. Probably much more useful than A. gJabrum (rated 21 points higher in 20 
~ aracteristics of usefulness in Utah) within zones of adaptation from southwestern Montana and adjacent 
Idaho south through western Wyoming and Utah to northern Arizona, New Mexico, and west Texas, 

1} Preston, R. J., Jr. 1968. Rocky Mountain trees. 3rd Rev. Ed .. Dover Publ., Inc., NY 285 pp. 

l U,S. Forest Service. 1937, Range plant handbook. U.S. Govt. Print. Office, Washington, DC. n.p. 

D, R. Christensen, and S. B. Monsen. 1968. Restoring big game range In Utah. Utah Div. Fish 
and Game Publ. 68-3. Salt Lake City. 183 pp. 

Jr., and W. J. Gabriel. 1974. Acer, Maple. Pages 187-197 in C. S. Schopmeyer, Tech. Coord. Seeds of 
WOody plants in the United States. U.S. Dept. Agr., For, Serv., Agr. Handb. 450.883 pp. 

,Vones, K, C. 1981. Growing Colorado plants from seed. U.S. Dept. Agr., For. Serv. Gen. Tech. Rep, INT-103. 
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Figure 82. Rocky MountaIn maple (Acer glabrum). Branch x 1/2; flower x 9. (Flower after C. L Hitchcock et 

al. 1961; growth form after Elmore 1976). 
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PECAN 
Carya illmoens;s (Wang.) K. Koch. 

ORIGIN 

Native to lower Mississippi and Ohio River valleys and tributaries See map for distribution in the US 

SPECIES CHARACTERISTICS 

Deciduous, medium to very large trees. 

Trees up to 180 feet tall and occasionally up to 6 feet in ljiameter; long trunks with gray, 
shallow-furrowed and flat-ridged bark; ascending to spreading branches; and irregular 
round crowns. Twigs gray-brown and hairy when young. Leaves alternate: pinnately 
compound; 9 to 20 inches long; with 7 to 13 narrow, pointed, and curve-tipped leaflets, with 
toothed margins yellow-green above and paler below. Sexes on same plant (monecious); 
male catkins in threes, bearing small green flowers; seedbearing flowers single or few at 
end of new growth, smal! and green, developing distinctive brown, cylindric, thin-shelled, 
nut streaked with black and enveloped in a four-winged husk (1). 

Plants moderately sprouting at base from seedling to small-stump sizes; ability to stump sprout decreases 
with age. Spreading root system with tap root particularly deep for seedlings. Plants flower March to May, 
starting about 1 week after leaves begin to develop; nuts mature September to October. Plants not used 
much by large mammals, although sucker growth and saplings browsed; provides cover for certain birds 
and mammals (2,3). 

ECOLOGICAL RELATIONSHIPS 

Species g rows most commonly on well-drained loam soils not flooded for extended periods; also occurs on 
heavy-textured soils. Limited mostly to aI/uvial soils on first bottoms and thrives on "river front ridges and 
well-drained flats" (2). Soils moderately acid (to a pH of 5.0) to neutral or mildly basic; some improved 
varieties commercially grown on weakly saline soils. Adapted to warm temperate climates in 30 to 60 inches 
MAP zones with 25 or more inches during 5 to 9 month growing season Exceptionally dry weather affects 
seedling survival and growth. Seedlings and flowers expected to be frost-sensitive, especially out of their 
natu ral range. Pecan is susce ptible to fi re damage. Intense fi res kill small sapl ings and trees 10 to 12 inc hes 
in diameter; some sprouting and survival of younger age classes occurs after light intensity fires. Some 
tolerance of grazing and browsing expected due to sprouting habit. Moderately competitive but adversely 
affected by h ig h denSities of trees and vi nes; com patible with moderate density of lower g rowing vegetation 
(1,2,3). 

CULTURE 

!:.Lanting Depth, Rate, and Time 

!n nursery practice, nuts are drilled 3/4 to 11/2 inches deep, six to eight nuts per linear foot, in rows8 to 12 
Inches apart. Unstratified nuts planted in fall and stratified ones in spring. Spring is a safer time because 
pecan nuts have no dormancy and can germinate in warm spells during winter and often winter kill later. 
Some direct seeding may still exist but many field plantings are made using seedlings or nursery stock. 
Seedlings reported somewhat difficult to transplant due to long tap roots. Growing nursery stock 2 years 
-and root pruning first year recommended to overcome problems (4,5). 

'~d Cleaning and Quality 

'~Ollect nuts from gro~nd after natural seed fall, flailing the branches, or shaking trees. Remove tough 
. usks by hand, trampling, or running them through a corn sheller. Seed quality not standardized: pUrity 
,~early 100 percent: germination capacity 50 to 90 percent for nuts cold-stratified 30 to 90 days; and 100 
Seed" per pound (4). 
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Germination and Seedling Characteristics 

The majority of viable pecans germinate in 33 days in lab tests. Seeds lack. dormancy; place them in cold 
storage at higher humidity over winter to avoid their becoming rancid and losing viability. Go 
germination occurs at alternating 68° to 70° F night and 86° to 90° F day temperatures. Plants exhibit goo~ 
seedling vigor in full sunlight without much competition, often making 3 feet of height growth per yeO 
ouring early seedling years under favorable growing conditions (2,4). ar 

lViANAGEMENT 

Tree used to some extent for planting on Kansas, Oklahoma, Missouri, and Indiana mine soils, suggesting 
potential for use throughout its natural range. Fence out livestock and reduce plant competition around 
planting site. Balance tops to roots before planting seedlings and provide water retaining furrow or basins 
around planted stock in sub.hum!d .to ~emiarid zones. Fertilization, control of weedy competition during 
first several years, and, possibly, IrrigatIon may be needed for good survival, particularly In semiarid Zone. 
WildHfe, if abundant, may need to be ?ontrolled or discouraged by repellants dU~ing establishment. Long 
term conservation and land use planning and management necessary to optimize Improved cover and crop 
benefits (3,4). 

ASSOCIATED SPECIES 

Species commonly occurs in mixed stands with American sycamore (Platanus occidentalis), American elm 
(Ulmus americana). eastern cottonwood (PopUlus deltoides), green ash (Fraxinus pennsylvanica). swamp 
pnvet (Forestiera accuminata), and roughleaf dogwood (Comus drummondii). Planted in mixed plantings 
with other nurse or crop trees, usually in separate rows, strips, or blocks (2,3). 

PESTS AND DISEASES 

Small mammals pilfer seed and girdle seedlings. Deer sometimes browse older plantings heavily. Several 
insects attack species but rarely become epidemic: pecan caterpillar worm; walnut caterpillar; twig girdler; 
and bark beetles. Die-back disease and root rots sometimes occur (2,3). 

IMPROVED VARIETIES 

Numerous improved varieties have been developed, mostly for improved yield and quality of nut. Such 
varieties are propagated by budding or grafting. Consult with local or regional plant materials specialists 
for superior strains or sources of seed or planting stock. 

Black hickory 
Carya texana Buck!. 

A smaller, medium-sized tree tha1 typically grows on bottomlands but tolerant of sandy uplands. Species 
has only five to seven leaflets, weeping branches, thicke r reddish-brown shells, and smaller kernels that.ar~ 
difficult to remove. Bark is dark gray to black and deeply fissured; plants ~ave rusty, pubescent, terminal 
buds and leaf underSides. Species may be better SUited to poorer sandy sites Within ItS restricted natura 
range in Texas, Louisiana, and Arkansas. 

REFERENCES 

(1! Preston, R. J .. Jr. 1976. North American trees. 3rd Ed. Iowa State UnIV. Press, Ames. 399 pp. 

(2) Fowells. H A. 1965. Silvics of foresllrees in the United States U.S. Dept. Agr., For. Serv.. Agr. Handb. 271. 762 pp. 

(3j Vogel. W G. 1981. A gUide for revegetating coal minesoils in the Eastern United Slates. U.S. Dept. Agr., For. 
Serv. Gen. Tech. Rep. INT-103. 190 pp. 

h Coord.T(4) Bonner, F. T., and L. C. Malsehelder. 1974. Carya. Hickory. Pages 269-272 III C. S. Schopmeyer, eC. 
Seeds of woody plants in the United StateS. U.S. Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 

. . . US. Dept.
(5) Engstrom. H. E. and J. H. Stoeckeler. 1941. Nursery practice suitable for planting on the pralne-plams. .
 

Agr., MIsc. Pub!. 434. 159 pp.
 



Figure 83. Pecan (Carya i/Jinoensis). Twig with leaves and fruit x 1/2. 
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DESERTWILLOW 
Chi/opsis /inearis (Cav.) Sweet. 

ORIGIN 

v 

Native to Southwestern United States. See map for distribution in the U.S 

SPECIES CHARACTERISTICS 

Short-lived, large shrub or small tree. 

Plants 10 to 25 feet tall with central trunk and narrow, graceful crown Leaves willowlike, 
alternate, linear, entire, and untoothed, up to 6 inches long. Flowers showy, large, long
tubular and catalpalike. two-lipped, fragrant corollas, white-tinged or lavendar-lined, four 
to six inches long and bearing narrow, elongated two-celled, podlike capsules, 4 to 12 
inches long, containing cottony, winged seeds. Capsules persist overwinter (1). 

Variable species, particularly in shape, width, stickiness, and venation of leaves, but also in aesthetic 
characteristics. Rooting characteristics not described. Plants leafing out in spring or later with available 
moisture, blooming May to August, and maturing fruit September to late fall. Mostly unpalatable to 
livestock; browsing usually indicates overuse of range. Plants furnish some cover for birds and wildlife, 
watershed protection, and landscape aesthetics in arid lands. 

ECOLOGICAL RELATIONSHIPS 

Species common along desert washes below 5.000 feet in elevation, in sandy to gravelly alluvium. Sites 
mostly well-d rained, neutral to basic, and mi Idly saline. Good drought tolerance, natu rally occurring along 
drainage channels periodically flooded; survives fairly well on drier roadway shoulders without irrigation 
after transplants firmly established. Variable but somewhat frost sensitive and intolerant of subzero 
weather. Intolerant of more than weak shade when in mixtures with other woody plants. Sites rarely burned 
but plants usually killed by fire. Moderate grazing tolerance, mostly due to low palatability. Moderately 
competitive in native habitats and not very compatible with other species (1,2). 

CULTURE 

Planting Depth, Rate, and Time 

Plant seed 1/4 inch deep when raising nursery stock; seeds can be planted up to 1 inch deep in drier or 
unirrigated sites with better survival expected. Plant seven times as many seed as the desired nursery 
seedling density (often about 25 seedlings per square foot). Seed in spring when soil has warmed to 
germination temperature. Species rarely direct-seeded on rangelands. Readily propagated by cuttings; 
cuttings are usually planted directly into nursery beds in spring. Mostly planted as seedlings orolderstock 
for landscaping purposes; 1-1 planting stock considered optimum for transplanting in the Southern Great 
Plains (3,4) 

Seed Cleaning and Quality 

Hand-pick seed any time after they ripen. Spread, dry, beat lightly and shake pods, then screen out seeds. 
Seed qual ity not standa rdized: 90 percent pu rity; germination varies between 26 and 100 percent: and seeds 
average 86,000 per pound (3). 

Germination and Seedling Characteristics 

About half of seeds germinate in the seed lab in 9 to 30 days. Seeds lack dormancy but storing in wet sand 
several days speeds germination (3) 

MANAGEMENT 

Species mostly used for ornamental purposes; e.g., for roadside beautification, border rows in hedges, 
screening. and less commonly for mass plantings; possibly rarely used on wildlands to restore native 



vegetation on disturbed lands. Natural occurrence along drainages susceptible to erosion suggests 
potential for stabilization of eroding or disturbed lands. Remove plant competition from around plantings, 
irrigate nursery stock when setting out and during at least the first season. Fence out livestock. Provide 
irrigation furrows or basins where feasible and control compet~ng growth unti I plants well established (4,5). 

ASSOCIATED SPECIES 

Plants occur in native mixtures with honey mesquite (Prosopis glandulosa), palo verde (Cercidium 
microphyllym) , netleat hackberry (Celtis reticulata), cottontop (Digitaria californica), and other herbs and 
woody plants. 

PESTS AND DISEASES 

Some rodent damage to be expected to seedlings and younger plants. Rather susceptible to damping oft in 
nursery plantings. More resistant to cotton root rot than most species planted in the Southern Great Plains. 

IMPROVED VARIETIES 

'Barranco', an improved variety with superior aesthetic qualities, has been released from the Los Lunas, 
New Mexico SCS Plant Materials Center. Two taxon om ic varieties are recogn ized, indicati ng the variability 

, within the species and possibilities for improved strains. 

REFERENCES 

(1)	 Benson, L., and R. A. Darrow. 1981. Trees and shrubs of the southwestern deserts. 3rd Ed. Univ. Ariz. Press, 
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EPA-600-7-79-134. 88 pp. 

, (3) Magill, A. W. 1974. Chi/apsis linearis. Desertwillow. Pages 321-322 in C. S. Schopmeyer, Tech. Coord. Seeds 
of woody plants In the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 

(4) Johnson, E. W. 1963. Ornamental shrubs for the Southern Great Plains. U.S. Dept. Agr. Farm. Bull. 2025. 61 pp. 

(5) Steger, R. E., and R. Beck. 1973. Range plants as ornamentals. J. Range Manage. 26:72-74. 
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Figure 84. Desertwillow (Chi/apsis /inearis). Leaves and pods x 1; flowers x 1 1/3. 
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RED (GREEN) ASH 
Fraxinus pennsylvanica Marsh 

ORIGIN 

Native to eastern U.S., west to eastern Montana and south to eastern Texas. See map for distribution in the 
U.S. 

SPECIES CHARACTERISTICS 

Small to medium-sized, deciduous trees. 

Trees up to 60 feet tall and 21eet in diameter, with thin brown fissured and shallowly-ridged 
bark and an irregular broad crown. Twigs rounded, otten hairy, gray to reddish-gray. 
Leaves opposite, odd-pinnate, 8 to 12 inches long with 1ive to nine (usually seven) oblong
lanceo/ate or elliptic leaflets, serrate or entire, yellow-green above, paler below. Plants 
dioecious; flowers inconspicuous in panicles; pistillate-producing, oblanceolate, samara
type fruit with winged terminal section gradually merging into round, slender, seed cavity 
(1) . 

Roots moderately shallow but among most extensive and windfirm. Trees develop coppice sprouts and 
plants stump sprout and form new crowns after being beheaded. Plants flower March to May, with leaf buds 
unfolding a little later; fruit matures September to October. Low palatability to livestock but often 
overbrowsed by livestock in small woodlots 0 r around farmsteads and by deer; furnishes cover for birds and 
small mammals. Plants produce economic wood products and furnish shade and landscape beautification 
Leaves turn golden yellow in fall but some trees exhibit poor form, such as crooked growth and very open 
tops (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species most commonly grows on alluvial soils of river valleys and along drainages, particularly in its 
western geographic range. Plantings thrive on upland soils of medium to coarse texture with adequate 
moisture in shelterbelts throughout the Great Plains. Trees thrive in areas more semiarid than its natural 
range with infrequent irrigation. Tolerant of frequent flooding and of moderately strong acid (to a pH of 4.0) 
to moderately basic reacting soils. Green ash naturally grows in subhumid to humid temperate climates in 
the 15 to 60 inches MAP zones with 10 to 35 inches coming during the growing season. Species is 
moderately drought-tolerant but with variation among ecotypes. Growth rate is related to fertility and can 
be improved by N fertilization when moisture is adequate. Ecotypes show marked differences In winter 
killing; species is frost-sensitive in flowering and early seed development stages. Growing well and shade
tolerant but often produces poorer form in shade. Good tolerance of fire when burned in dormant states. 
Species compatible and often seeded with other woody species (2,3,4). 

CULTURE 

£.Ianting Depth, Rate, and Time 

Nurserymen drill 25 to 30 seeds per linear foot of row in rows6 to 12 inches apart at 1/2 t03/4 inch depths or 
roadcast seeds and cover with soil to similar depths with a goal of obtaining 10 to 15 seedlings per square 

toot. Unstratified seed can be sown in the fall and/or stratified seed planted in spring. Most trees are 
established by transplanting seedlings (1-0) or older nursery grown stock (5,6). 

-!!d Cleaning and Quality 

ick samaras in the fall when their color turns brown and seed within is white, crisp, firm, and fully 
l:ilongated; pick seed clusters by hand. by pruning or using seed hooks, or by shaking orbeating them from 
r,anches onto canvas or plastic sheets on the ground. In cities, they can be swept up from the streets. Seed 
Uality not standardized: purity nearly 100 percent; germination about 75 percent with stratified seed; and 
geds average 17.000 per pound (6). 
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Germination and Seedling Characteristics 

Most of the stratified seed germinate in 20 days in seed labs. Germination is epigeal. Most suc 
treatments to enhance germination couple 2 months of warm (68 0 F) exposure or storage with 7 moC~SSfUI 
cold (32 0 to 41 0 F) storage. Seedlings elongate 1 to 2 feet per year in earlier years under nursery con~'~s of 
but only a few inches with intense weed competition. Rated rather slow grower in prairie-plains regionl(~o~s . ). 

MANAGEMENT 

Green ash is commonly planted using 1-0 seedling stock on surface mined soils in eastern U.S Growth' 
reported to be slow and tree form often poor, leading to recommendation that it be planted in mixtures Wi;~ 
other hardwood species. Plan reclamation by considering total land uses. wildlife habitat needs, size of 
area, edge, interspersion of cover types. nurse trees, and fencing from grazing on mined lands. Species is 
planted in central rows of windbreaks and often used in Northern and Central Great Plains windbreaks. 
Control plant competition around each plant during establishment; this is often more economically 
acco mplished by pia nting in a patte rn that permits cultivation. Generally better establishment, growth, and 
survival is experienced by planting grass, herbs. shrubs. and trees in separate rows, blocks, or strips to 
minimize competition and accommodate cultural practices. 

ASSOCIATED SPECIES 

Species naturally grows in mixtures with sugar'maple (Acer saccharum); American linden (Tilia 
americana); bur, white, and red oaks (Quercus macrocarpa, Q. alba, and O. rubra); hickories (Carya spp.); 
American elm (Ulmus americana); and cottonwoods (Populus spp.). Can be planted with some of these 
hardwood species and other hardy species better able to g row on distu rbed mined lands or with shrubs and 
evergreens. such as eastern redcedar (Juniperus virginiana), Rocky Mountain juniper (J. scopulorum), 
and/or ponderosa pine (Pinus ponderosa) in certain areas of the Great Plains (2). 

PESTS AND DISEASES 

Severa! insects feed on ash trees: oyster scale; carpenter worm; two ash saw flies: and unspecified borers 
particularly affect shade trees and windbreak plantings. Rabbits and cattle may injure unfenced plantings. 
Leaf spots. anthracnose, rusts, and root rot sometimes damage trees and wood (2,6,7). 

IMPROVED VARIETIES 

Several horticultural varieties are recognized. Green ash. the glabrous form of the species, formerly called 
var. lanceolata, has bright green upper and lower leaf surfaces, naturally grows further south and west, and 
is more commonly used in the Northern Great Plains and In western plantings. Arizona ash (F. velutina) 
similar and used with irrigation in the desert Southwest. 

REFERENCES 

(1) Preston, R J., Jr. 1976. North American trees. 3rd Ed. Iowa State Unlv. Press, Ames. 399 pp 

(2) Fowells. H A. 1965. Silvlcs offoresttrees In the United States. U.S Dept. Agr, For. Serv.. Agr Handb.271 762 pp. 

(3) Thornburg. A. A. 1982. Plant materials for use on surface mined lands in arid and semiand regions. SCS-TP-157; 
EPA-SOO-7-79-134. 88 pp. 

(4) Wright. H	 A.. Dept. o~ Range and Wildlife Manage .. Texas Tech. Unlv., Lubbock. Personal communication. 
June 2.1982. 

(5) Vogel, W. G. 1981. A gUide tor revegetating coal minesoils In the Eastern United States U.S. Dept. Agr., For. Serv. 
Gen Tech Rep NE-68. 190 pp. 

(6)	 Bon ner, F 1. 1974. FraXlrlUs. Ash. Pages 411-416.!.!2. C S Schopmeyer Tech Coord Seeds of WOOdy plants In the 
United States U.S. Dept Agr .. For. Serv., Agr. Handb 450.883 PP. 
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Germination and Seedling Characteristics 

Most of the stratified seed germinate in 20 days in seed labs. Germination is epigeal. Most 5UCC·' 

treatments to enhance germination couple 2 months of warm (68° F) exposure or storage with 7 m eS~f.ur 
cold (3r to 41 0 F) storage. Seedlings elongate 1 to 2 feet per year in earlier years under nursery coo~~~S,(l 
but only a few inches with intense weed competition. Rated rather slow grower in prairie-plains regi~nl(t~~ii. 

MANAGEMENT 

Green ash is commonly planted using 1-0 seedling stock on surface mined soils in eastern U.S. Growth" 
reported to be slow and tree form often poor, leading to recommendation that i.t be planted in mixtureSWi~~' 
other hardwood species. Plan reclamation by conslderrng total land uses, wildlife habitat needs size. f 
area, edge, interspersion of cover types, nurse trees, and fencing from grazing on mined lands. Specjes~ 
planted in central rows of windbreaks and often used in Northern and Central Great Plains windbreak:I,S 
Control plant competition around each plant during e~tablishment; this is often more economically 
accomp hshed by planting In a pattern that permits cultivation, Generally better establish ment, growth, aM 
survival is experienced by planting grass, herbs, shrubs. and trees in separate rows, blocks, or stripsto 
minimize competition and accommodate cultural practices. .' 

ASSOCIATED SPECIES 

Species naturally grows in mixtures with sugar' maple (Acer saccharum); American linden (Tilla, 
americana); bur, white, and red oaks (Quercus macrocarpa, Q. alba, and Q. rubra); hickories (Caryaspp.); 
American elm (Ulmus americana); and cottonwoods (PopulUS spp.). Can be planted with some of these 
hardwood species and other ha rdy species better able to grow on disturbed mined lands or with shrubs and 
evergreens, such as eastern redcedar (Juniperus virginiana), Rocky Mountain juniper {J. scopulorumj, 
and/or ponderosa pine (Pinus ponderosa) in certain areas of the Great Plains (2). 

PESTS AND DISEASES 

Several insects feed on ash trees: oyster scale; carpenter worm; two ash saw flies; and unspecified borers 
particularly affect shade trees and windbreak plantings. Rabbits and cattle may injure unfenced plantings: 
Leaf spots, anthracnose, rusts, and root rot sometimes damage trees and wood (2,6,7). 

IMPROVED VARIETIES 

Several horticultural varieties are recognized. Green ash, the glabrous form of the species, formerly calle?: 
var. lanceolafa, has bright green upper and lower leaf surfaces, naturally grows further south and west, and 
is more commonly used in the Northern Great Plains and in western plantings. Arizona ash (F. velutjn~)" 
similar and used with irrigation in the desert Southwest. 

REFERENCES 

(1) Preston, R. J., Jr. 1976. North American trees. 3rd Ed. Iowa State Unlv. Press, Ames. 399 pp. 

(2) Fowells, H. A. 1965. Silvics of forest trees in the United Slates. U.S, Dept. Agr" For. Serv., Agr. Handb. 271. 762 pp' .. I 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined landS in and and semiarid regions, SCS-TP-157;' 
EPA-600-7-79-134 88 pp. 

(4)	 Wright, H. A., Dept. of Range and Wildlife Manage., Texas Tech. Univ.. Lubbock. Personal communication. 
June 2,1982, 

(5)	 Vogel, W. G. 1981. A gUide for revegetating coal minesoils In the Eastern United States. U.S. Dept. Agr., For. Servo 
Gen. Tech. Rep. NE-68. 190 pp. 

(6)	 Bonner, F. T. 1974, Fraxinus, Ash. Pages 411-416.iD. c, S. Schopmeyer, Tech. Coord. Seeds of woody plants in the 
United States. U,S. Dept Agr., For. Serv., Agr. Handb. 450. 883 pp, 

(7)	 Engstrom, H. E., and J. H. Stoeckeler. 1941. Nursery practice for trees and shrubs suitable for planting on the 
nr':JIrie-oiallls. U.S. DepT Agr., MiSC Publ 434.159 pp 
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BLACK WALNUT 
Juglans nigra L. 

ORIGIN 

Native to eastern and central United States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Deciduous, medium-sized tree, up to 90 feet tall and 3 feet in diameter, with irregular 
rounded crown and straight clear trunk and brown to blackish, deeply furrowed, and 
broadly-ridged, thick bark Twigs stout, gray hairy, with round, hairy, terminal bud and 
several smaller lateral buds Leaves alte rnate, up to 2 feet long, pin nately compound with 13 
to 23 ovate, lanceolate. serrate. pointed leaflets, hairy below. Flowers monoecious 
yellowish-green; pistillate bearing, round, blackish-shelled nuts in yellow-green, hairy 
husks (1). 

Meat of nut nutritious; furnishes food for variety of wildlife. Well-developed deep. extensive, root systems' 
plants windfirm Wood of high commercial value. Stumps readily sprout after trunks damaged, severed, o~ 
burned. Seedlings are tap-rooted; nursery stock improved by midsummer root pruning. Plants resume 
growth in spring, flower April to June, and ripen fruit September to October Low palatability to livestoCk 
but sprouts and seedlings consumed in heavily-stocked woodlots (1 ,2). Primary value of species relatedtu 
its high quality wood. . 

ECOLOGICAL RELATIONSHIPS 

Species sensitive to soil environment; thrives on deep, well-drained, near-neutral, moist, fertile soils. 
Relatively intolerant of dry and infertile soils; slower growing on dry, sandy ridges and slopes and in wet 
bottomlands. Responds with faster growth on deep, loamy, loessal and fertile alluvial soils; also present6n 
limestone soils. Tolerant of mildly acid soils (to a pH of 5.5). Adapted to slightly less than 25 to 60 inches 
MAP zones. Generally larger trees found along drainages near western edge of range and on north- and 
east-facing slopes. Limited to elevations below 4,000 feet in Appalachians. Not drought-tolerant; growth .' 
rate and wood quality markedly affected by moisture stress. Adapted seed and planting stock source,s 
important to stand success and growth due to racial variations in length of growing season and individual 
tree variation in growth rate and quality. Some fire tolerance afforded by durable heartwood and thick, 
relatively damage and decay-resistant bark. Moderately grazing/browsing-tolerant but seedlings an 
sprouts damaged and stunted by overuse, particularly in small, closely-grazed woodlots. Strongly 
competitive, partly d ue to roots containing a toxic sUbstance, juglone, that is antagonistic to roots of some· 
plants that come in contact with walnut roots (2,3,4). .. 

CULTURE 

Planting Depth. Rate, and Time 

Nurserymen sow nuts 1 to 2 inches deep in well-prepared seedbeds that are mulched; planted in furrow~at 
rate of 15 "seed" per square foot. Some broadcast seed on rototilled beds and press them into soil by uSing 
a roller Nursery objective is a density of 8 seedlings per square foot. Unstratified seed are sown in fall and 
stratified seed in spring. Revegetate disturbed, mined forest lands either by planting 1-0 seedling~ or 
stratified nuts in spring. Common field practice is to sow at rate of 3 nuts per seed-spot. Use of contal.ner 
stock, when available, should improve survival on semiarid and subhumid mined lands and critical siteS 
(4,5 ). 

Seed Cleaning and Quality 

Harvest nuts as soon as they are ripe. (husks ~rown to black) by handpicking off g:ound or after shakin~I:: 
flailing limbs. Remove husks when firm to slightly soft by hand or by running frUit through a corn she but 
Use mechanical hullers for large quantities of fruit. Float off unfilled seed. Hulling not always necess~ry ot 
aids regulating seedling density and essential when seed treated with fungicide. Seed quality nrs' 
standardized: 87 percent purity; 50 percent average germination; 43 percent PLS; and average of 40 nU 
per pound (5). 
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~rmination and Seedling Characteristics 

Most viable stratified seed germinate in 24 days under controlled seed lab conditions. Early growth rates of 
black walnut seedlings are moderately fast in the nursery, particularly on fertile soils. Plants begin to 
reproduce in 12 to 15 years but not in commercial quantity until20 to 30 years of age. Natu ral reproduction 
is largely dependent on small mammals caching nuts, surplus of which germinate in following spring. 
Juglans spp. have hard shells and dormant seeds. Dormancy is broken by stratifying seed at 34 0 to 41 0 F 
overwinter in moist sand covered with 2 feet or more of soil or mulch and screened against rodents; small 
lots can be placed in plastic bags, moist sand, or peat at same tem peratu res for 3 to 4 months. Planti ng in fall 
naturally accomplishes about the same results (5). 

MANAGEMENT 

Both planting seedlings and direct sowing establish satisfactory stands for wood, nuts,and wildlife cover in 
moist, near-neutral soils of Midwestern mined lands. In some areas, liming and fertilization may be needed 
to correct soil-test deficiencies. Species probably is better used in mixed hardwood stands and 
interspersed with other cover types and crops suited to o .....erall land use objectives. Better growth may be 
possible by planting with leguminous nurse trees. Remove competing vegetation from around planting or 
seeding spots and fence out livestock. Practice good forest and land use management for sustained 
benefits (4). 

ASSOCIATED SPECIES 

SpecIes commonly grows in mixed stands with yellow-poplar (Liriodendron tulipifera), sugar maple (Acer 
saccharum), oa ks (Quercus spp.), and hic kories (Carya spp.). In western areas, com monly associated with 
American elm (Ulmus americana), common hackberry (Celtis occidentalis), green ash (Fraxinus 
pennsylvanica) , boxelder maple (Acer negundo), American linden (Tilia americana), and red oak (Quercus 
rUbra). Kent ucky coffeetree (Gymnoc/adus dioica), yellow-popla r, and white ash (Fraxinus americana) are 
fairly good indicators of good sites for black walnut. 

PESTS AND DISEASES 

Walnut caterpillar defoliates and reduces growth rate. Flatheaded apple tree borers, the twig pruner, and 
scurfy scale sometimes cause problems in Central Great Plains and weak ordamaged trees are susceptible 
to European canker. Small mammals, particularly squirrels, molest planted nuts but also plant some in 
hoards that later germinate (2). 

IMPROVED VARIETIES 

Numerable named varieties exist that have been selected mostly for large nutsand easily extractable meats. 
They are propagated by budding and grafting. Consult nurseries and State specialists for improved 
materials for planting stock. 

REFERENCES 

(1) Preston, R. J., Jr. 1976. North American trees. 3rd Ed. Iowa State Univ. Press, Ames. 399 pp . 

.l2) Fowefls. H. A. 1965. Silvics of forest trees in the United States. U.S. Dept. Agr.. For. Serv., Agr. Handb. 271. 762 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-BOO-7 -79-134. 88 pp. 

(4)	 Vogel, W. G. 19B1. A guide for revegetating coal minesoils in the Eastern United States. U.S. Dept. Agr .. 
For. Serv. Gen. Tech. Rep. NE-68. 190 pp. 

.(5) Brinkman, K. A. 1974. Juglans. Walnut. Pages 454-459 in C. S. Schopmeyer, Tech. Coord. Seeds of woody plants In 
the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 450. 8B3 pp. 
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EASTERN REDCEDAR 
Juniperus virginiana L. 

ORIGIN 

Native to the Eastern United States and much of the Great Plains. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Small to med iu m-sized, everg reen trees. 

Plants up to 40 feet tall and 2 feet in diameter with dense, irregular, pyramidal or conical 
crowns and thin, reddish-brown bark, exfoliating in broad ribbons. Leaves opposite, 
scalelike, dark green, sharp-pointed with juvenile forms often ternate. Twigs four-angled, 
slender, and scale-leaf covered. Flowers mostly dioecious; staminate in miniature brown 
cones at ends of branches, inconspicuous but often dense enough to give branches 
reddish-brown cast; pistillate developing subglobose, berrylike, glaucous cone, containing 
one or two seed and sometimes more (1). 

Deep, early, taproot, replaced by extensive, shallow root system with age. Not reproducing naturally by 
sprouting or suckering but artificially propagatable by stem cuttings or layering. Plants flower March to 
May and mature fruit September to November. Species not very palatable to livestock but young plants in 
pastures often grazed enough to suppress invasion, particularly in Great Plains Plants provide effective 
cover and some food for large and small mammals and birds; animals spread seeds and aid natural 
reproduction (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species can grow in such varied habitats as thin, rocky soils to finertextured, saturated soils of swamps. Its 
competitive abilities and tolerance result in it occurring on drier sites on thin limestone-derived soils or 
rocky sites and secondarily in fertile alluvial and moist soils. Does well on mildly acid (to a pH of 5.0) to 
calcareous soils in Midwest but more dependent on reduced competition and stable soil medium, 
evidenced by its intolerance of unstable sandy surfaces in Illinois. Responses to sites vary; it grows on 

.' upland ridges, flats, and dry, exposed sites with adea uate moistu re in East; more frequently fou nd on north 
slopes and along stream banks in semiarid western range. Less tolerant of flooding than loblolly pine (Pinus 
taeda). Moderately to strongly drought-tolerant, particularly during seedling stages, due to deep tap roots. 
Very weak alkali tolerance. Generally winter hardy, but some damage reported in severe winter of 1948
1949 in northwestern part of its range, indicating need to consider adapted sources of seed and planting 
stock. Fair shade tolerance; about equal growth rate in full sunlight and one-third shade. Fires very 
destructive and even light fires are injurious. Moderately grazing-tolerant but juveniles kept in check by 
moderate grazing. Species competitive with herbaceous species but often succeeded by more shade
tolerant hardwood species (2,3,4). 

~ting Depth, Rate, and Time 

Nurserymen plant seed 1/2 inch deep in firm soil or sand or broadcast seed and cover with sand; most 
,plantings are then cove red wit h mulch. Mulch usua lIy is he Id in place by snow fenci ng material, ca refu lIy 
.suPPorted over the beds. Mulch is removed at start of germination and seedlings are provided with light 
Shade, usually by covering them with slatwire snow fences. Precise rates of seeding unreported; most 

... Seedings in nursery beds strive for a density of about 50 seedlings per square foot. Seedlings held beyond 1 
.:Yearcan be transplanted into nursery rowsat6 by 1 inch or8 by 2 inch plantspacmgs. Becausesomeseed 
.may have dormant embryos, seeds are either planted In late summer to fall or are stratified and then planted 
"e~her in early spring or in fall. Most junipers are planted instead of being sown for reforestation or 
.~_ elterbelt-windb reaks and 2-0,3-0, 1-1,1-2,2-1, or 2-2 stock are com mon Iy transplanted in spring. Mostly 

'~lIl~' Or2-0 stock are used in minesoil reclamation in the Western Interior and Lignite coalmining regions 
: Inols-Oklahoma, E. Texas) (4,5,6). 
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Seed Cleaning and Quality ele\ 
pari 

Harvest seed (cones) by stripping or picking into containers or shaking/flailing the fruit from plants cen 
canvas or plastic sheets placed on ground. Cut fruit to test ripeness, and fill and collect them as Soon a onto plar 
to avoid losses. Remove nonfruit material by fanning: clea n by running fruit through a macerator (or D;~'~e 

OnEcleaner) with water and floating off unfilled seed and pulp; dry and reclean by fanning. Seed qualit vlg 
Junstandardized: purity nearly 100 percent; germination75 percent; about75 percent PLS; and43,000 see~ n~; 

pound (2). p One 
grot 
irre{Germination and Seedling Characteristics 
oCCI 

by I Germination should begin 6 to 10 days after sowing stratified seed and be completed in 4 to 5 weeks 
Treatment to enhance germination usually consists of prechilling at 41 0 F for 1 to 4 months. Germination i~ Utal 
epigeal. Seedlings have rapid tap root development but slow top growth and continue to grow Slowly during Jun 
sapling to maturity stages (2). " 

J.( 
sim 

MANAGEMENT for 

Well suited to use in coal minesoil reclamation, particularly in the Western Interior and lignite regions. Co 
Commonly used for windbreaks and shelterbelts in Midwest and Great Plains regions and generally within' JUf 

its range for landscaping, hedges, and screening material. Wood useful and tree used for Christmas trees~' 
J. (Species ranks high in survival among Great Piains shelterbelt plantings. Necessary to reduce plant 

competition drastically at planting sites and fence out livestock, at least during establishment period, to nef 
Noobtain good stand establishment and survival. Water transplants when set out in semiarid zones ordrysoil .
 

and provide water-retaining furrows or basins. Cultivation during first few years greatly enhances survival cor
 
sprand growth. Planting designs need to consider total land use, cropping. and forestry, as well as watershed 

and wildlife values and needs. Good management and utilization practices are essential for sustained 
benefits from improvement practices (4,7). . RE 

(1 )
ASSOCIATED SPECIES 

(2) 
Species commonly occurs in mixed stands with shortleaf (Pinus echinata) and Virginia pines (Pinus' 
virginiana); red (Quercus rubra), white (Q. alba), black (Q. velutina), and blackjack oaks (0, marilandica); (3) 
and hickories (Carya spp.) and black walnut (Juglans nigra). Used commonly as outside rows in multirow'. 
windbreak/shelterbelt planting; can be planted alone for hedges and for one-row windbreaks, A faster (4)
developing crop grown in alternate strips may help control an erosion problem during early establishment 
(6) , 

(5) 

PESTS AND DISEASES 
(6 

M ice and rabbits sometimes attack seed and seedlings. Species is alternate host to cedar-apple rust, whiG, 
affects some fruits but has little effect on juniper. Fames annoSus sometimes destroys sapwood in Sout~..' 

(7Boring insects, bagworms, juniper webworm, and seed-corn maggot cause occasional problems (2). 

IMPROVED VARIETIES 

Numerous varieties have been developed, primarily for ornamental or landscaping purposes. G~ea~ 
variations within the species are amenable to further planting stock improvement by selection, breeding, 
and grafting. 

Rocky Mountain juniper.
 
Juniperus scopulorum Sarg. •
 

Very similar to J. virginiana: many plants branching near ground level or have short trunk, especiaIlY'~~ 
exposed sites. Scale leaves slightly longer, more commonly with glaucous foliage; and glaucoUs blueC~on 
fruit, taking 2 years to mature, Heartwood light to dark red and streaked. Common in upper juniper-~In~:in 
and Douglas fir zones; most extensively occurring western juniper; found from 5,000 to 9,000 ee.. 
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levation in Rocky Mountains. WIdely planted in windbreaks and for wildlife plantings and landscaping, 
earticularly in the Rocky Mountains; also suitable for shelterbelt and windbreak plantings in adjacent 
~entral and northern Rocky Mount~in and Great Plains. Better survival than f.or J virginiana reported in 
plantings on Wyoming/Colorado mlnesol! reclamation sites (7). Great variability In ecotypes. 

oneseed ju niper 
Juniperus monosperma 

oneseed juniper (J. monosperma), a coarser, bushy Southwestern species, often branches at or below 
round, has rough-margined scale leaves, concentrated toward the tip of ascending branches, and 

•• :..,. ..J...... frreg ular crowns. Very slow growing with dense, decay-resistant heart wood used for fenceposts. Species 
occurs from edge of southern desert at 3,500 to 7,500 feet in elevation. Rarely used except where required 
py Jaw to restore original vegetation. 

'Utah juniper 
Juniperus osteosperma 

J. osteosperma has tall, grooved trunks and mealy-fruited cones; sometimes monoecious; otherwise 
'similar to J. monosperma. Grows in the southern Great Basin and Colorado Plateau Regions. Used some 
,for native landscaping, but is too slow growing for most conservation purposes. 

Common juniper 
Juniperus communis , 
'J, communis, common juniper, is a spreading, evergreen shrub with glaucous-green, awl-shaped, sharp, 
'fleedle leaves in whorls of three and glaucous green to purplish berrylike cones; grows throughout western 
North American, mostly at middle elevations in undercover of coniferous or aspen forests. Planted less 
cpmmonly, despite good cover and ornamental values Requires cool, moist habitats. Birds naturally 

" spr~ad the seed in droppings. 

1976. North American trees 3rd Ed. Iowa State Univ. Press, Ames. 399 pp. 

[21 Fowells, H. A. 1965. Silvics of forest trees in the United States. U.S. Dept Agr., For. Serv.. Agr. Handb. 271. 762 pp. 

Thornburg, A. A. 1982. Plant materials for use on surface mined lands In arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

4)	 Vogel, W. G. 1981. A guide for revegetating coal minesoils in the Eastern United States. U.S. Dept. Agr., For. 
. Servo Gen Tech. Rep. NE-68. 190 pp. 

I Johnsen, T. N., Jr., and R. A. Alexander. 1974. Juniperus. Juniper. Pages 460-469!D. C. S. Schopmeyer, Tech. 
Coord. Seeds of woody plants in the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 

'~~Ohnson, K. L., and E. SAnderson. 1980. Conservation planting handbook for Wyoming and Colorado. Univ. 
Wyom. Agr. Ext. Serv., Laramie. n.p. 

l1<Jward, G.S., F. Rauzi, and G. E. Schuman. 1979. Woody plant trials at six mine reclamation sites in Wyoming and 
',Colorado. U.S. Dept. Agr. SEA Prod Res. Rep. 177.14 pp. 
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OSAGE~ORANGE 
Mac/ura pomifera (Raf) Schneid. 

ORIGIN 

Native to Oklahoma, Arkansas, ana Texas but naturalized in many Eastern States, See map for distribution 
In the U.S. 

SPECI ES CHARACTERISTICS 

small, thorny, deciduous tree. 

Plants with open, rounded crowns, up to 25 feet tall, with a short trunk up to 2 feet in 
diameter, curved branches, and milky sap. Leaves simple, entire, alternate, egg-shaped to 
broadly lanceolate, shiny green above. paler below, about 4 inches long. Twigs orangish, 
stout, and with straight axillary thorns about 1/2 inch long. Flowers inconspicuous, sexes 
either on different or same tree(s): male flowers densely clustered on drooping stalks; 
pistillate in round, bristly, axillary heads. Fruit a multiple fruit, composed of many drupes, 
resembling a smal" pale green grapefrUit or orange (1). 

!	 Roots deep and extensive and plants readily stump and root sprout, particularly after tops cut or Injured. 
Plants flower April to June, fruit ripen September to October, and good seed crops are prod uced annually. 
Not very palatable to livestock and big game but occasionally browsed: provides valuable watershed and 
wildlife cover, especially for smaller forms of wildlife (1,2). 

ECOLOGICAL RELATIONSHIPS 

Initially very restricted in distribution and apparent adaptation Plantings reveal much broader amplitude of 
tolerance, Best performance in well-drained, deep, fertile, silty, alluvial soils. Tolerant of moderately acid 
(to a pH of 4,5), moderately basic, and slightly sal ine soils, Naturally th rives in 25 to 40 inches MAP zones or 
equivalent but tolerant of about 15 inches mini mu m. Not hardy to dry, cold weather in the Dakotas and dies 
back almost annually at Cheyenne Horticulture Station, WY; some old plantings persist in southeastern 
Colorado; sometimes grown in Denver and eastern Colorado, but survives better with some irrigation. By 
contrast, well-adapted to most of eastern United States as far north as New England: used some in eastern 
Oregon and Washington. Nursery stock in prairie-plains region ripens slowly and is subject to early frost 
injury, indicating problems to be expected with southern natives. Intolerant of much shade and generally 
thrives in full sunlight. Some tolerance of fires and graZing due to vigorous sprouting habit. Apparently 
strongly competitive and not very compatible with other species, particularly taller woody plants; nearly 
always planted in separate rows, Many old hedgerows of this species have been removed in modern times 
(2,3,4). 

CULTURE 

, ~ling Depth, Rate and Time 

Seeds are planted 1/4 to 1/2 inch deep or broadcast and covered with soil or sand to similar depth. Plant 
untreated seed in fall and pretreated seed in spring. Rate of seeding varies with quality of seed, seedbed 
?onditJons, and desired seedling stand density. Most small stands are probably established by transplant
Ing rooted sprouts from existing stands or by planting nursery stock. Seedling (1-0) stock is planted for 
rnlnesoil reclamation :n the Midwestern and Eastern States; it probably would be advantageous to plant 
older stock in northern and western regions with shorter growing seasons and more difficult sites (3,4,5). 

~ning and O~ality 

PiCk ripe fruit in fall or winter as they begin to fall. Extract seed by macerating fruit in water and floating off 
orscreening out the pUlp. Extracting is easier after letting fruit ferment for several months in moist storage 
~robufled. Seed quality not standardized: 95 percent purity; 58 percent germination; 55 percent PLS; and 
,00 clean seed per pound (5), 
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Germination and Seedling Characteristics 

About one-third of pretreated seeds germi nate in 14 days a nd most do in 40 days in the lab or in sand flats t 
68° night and 86° F day temperatu r~s. Either subject seed to 41 ° F moist ~hi"ing.for 1 mo nth or Soak them ~ 
water for 48 hours to enhance germination. Plants attal n earl y seed-bean ng age In 10 years, indicating fairl 
good seedling and juvenile rate of growth and development (5). y 

MANAGEMENT 

Species formerly was very popular for hedgerows and effective barriers for livestock; more recently popular 
for use in windbreaks, from which fence posts are cut. Species used primarily for its cover values in the 
midwestern and eastern coalmine areas. Better stands result more quickly if plant competition is controlled 
and livestock are withheld during establishment. Liming, cultivation, and fertilization may be necessary on 
more acid and infertile soils for good stand development. Species of little value for forest products so 
consider planting other crop and nurse trees; consider total land use and conservation for sustained' 
economic benefits (2). 

ASSOCIATED SPECIES 

Osage-orange naturally occurs in open stands of mixed hardwoods, such as oaks (Quercus spp.), pecan 
(Carya illinoensis) , hickories (Carya spp.), and eastern redcedar (Juniperus virginiana).lt is planted alone 
or in separate rows with evergreens and taller hardwoods for windbreaks and in mixed forest treestandsin 
farm forestry conservation and utilization programs. 

PESTS AND DISEASES 

Small mammals and rabbits molest seeds and seedlings. Species is subject to damping off disease in 
nurseries and plants are subject to cotton root rot. Generally, however, it is very hardy and tolerant of dry 
and somewhat poor soil and stressful growing conditions (4). 

IMPROVED VARIETIES 

None. 

REFERENCES 

(1) Preston, R. J., Jr. 1976. North American trees. 3rd Ed. Iowa Slate Univ. Press, Ames. 399 pp. 

(2)	 Vogel, W. G. 1981. A guide tor revegetating coal minesoils in the Eastern United States. U.S. Dept. Agr., For. Servo 
Gen. Tech Rep. INT-103 190 pp. 

(3) Thornburg,	 A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

(4) Engstrom, H. E.. and J. H. Stoeckler. 1941. Nursery practice fortreesand shrubs suitable for planting on the prairie
plains. U.S. Dept. Agr. Misc. Pub!. 434.159 pp. 

(5)	 Bonner, F. T.. and E. R. Ferguson. 1974. Mace/ura pomifera. Osage-orange. Pages 525-526 in C. S. Schopmeyer, 
Tech. Coord. U.S. Dept. Agr., For. Serv., Agr. Handb. 450.883 pp. 
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ENGELMANN SPRUCE 
Picea engelmannii 

ORIGIN 

Native to high mountains of western United States. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Medium to large-sized, evergreen trees. 

Conifer up to 100 feet tall and 3 feet diameter with clear boles, conical crowns of whorled 
branches, and thin red-purplish brown bark, separating into loose scales. Needle-leaves 
single, typically blue-green, about 1 inch long, four-sided, crowded on upper side of 
branchlets, not sharp to touch. Male flowers in small purple stroboli, ovulate in bright red 
conelets and developing into 1 to 2 inch, oblong, cylindric cones with chestnut brown, 
irregular-outlined scales subtending blackish, winged, nutlet seeds (1). 

Root system shallow and spreading. Stroboli open June to July at lower and hi gher elevation, respectively;" 
cones mature and seed ripen late September to early October of first year. Palatability low to livestock and . 
big game but sheep and big game browse considerably around bedgrounds and in winter, respectively. 
Forests provide good wildlife and watershed cover, in addition to valuable wood (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species thrives in the cold humid climate of subalpine elevations in western mountains. Generally thrives in 
deep medium to moderately fine, silty to clay loam soils but present on somewhat rocky medium to shallow 
depths. Tolerant of moderately acid to mildly basic, but not saline, soils. Somewhat tolerant of imperfectly 
drained and moderate and high water tables but not of saturated soils. Species thrives in 25 to over·40 
inches MAP zones and has rather weak drought tolerance. Established plants are tolerant to full sun but 
very difficult to establish in full sunlight, particularly on beetle-killed areas in Central Rocky Mountains. 
Generally quite cold-tolerant but source of seed, ecotype, and provenance very important to adaptation, 
survival, growth, and quality. Not very grazing-tolerant, and seedlings and advanced reproduction often. 
killed around frequently used sheep bedgrounds; losses were formerly more prevalent with permanent.· 
bed grounds. Fire-sensitive and even light fires that scorch boles are capable of killing. Within its range, very 
competitive after fully established and usually succeeds in mixed stands, except on exposed south and 
west exposures or on dense clay soils and iII-SUIted sites (2,3). 

CULTURE 

Planting Depth, Rate. and Time 

In nursery practice, seeds are planted or covered with nursery soils or sand 1/4 inch to 3/8 inch deep. 
Seedbeds are rolled and mulched before seed start to germinate. About 120 to 140 seed per square foot arE( 
sown to obtain a nurserybed density of 40 seedlings per square foot. Only spring seedmgs ~re 
recom mended because fall-sown seed may germinate and winter kill during intermittent warm and freezmg 
fall weather Nursery or container-grown stock are outplanted during spring and early summer; 2~0,3-0,~; 
sometimes 2-1 or 3-1 bare-rooted stock can be used. Newer greenhouse or controlled enVlronm~. 
operations raise similar sized stock in 1 year and, when properly handled, they result in equal or bet e:~ 
survival and growth in outplantings. Direct seeding is not commonly practiced because of much poore 
results than with plantmg (3,4,5). 

Seed Cleaning and Quality 
. I mature' 

Ha rvest cones quickly after ripening to avoid seed loss. Seeds ri pen before cones change to tYPlca h at up 
color Collect cones from standing trees, slash, or squirrel caches. Air dry cones for a few weekso~ r~ and 
to 100 0 F to 1200 F in simple convection kiln. Then, shake or tumble cones in mechanical. sha ed bowl 
tumblers to extract seed. Wings and chaff are readily separated by moistening seeds, stlrflng In roU 

n 
ted bY 

with a soft plastic scraper, and d ryi ng and cleaning seed in a seed cleaner. Empty seeds can be sepa~:bIY go 
flr,t~l\lnn in Alr:nhni Seed ouality not standardized: purity varies with cleaning effectiveness, pro d (4). __ -~~ _~. ,..,·... IJn 



--

Germination and Seedling Characteristics 

Most seeds germinate in 10 days in the seed lab without any "stratification." Standard germination 
conditions are: 68° F night and 86° F day temperatures with 8 hours of light daily. Germination usuaily runs 
10 to 20 percent below seed soundness determined by cutting tests. Seedling rate of development of spruce 
is slow and growth from sapling to maturity also IS slow, due to short growing season at higl1 altitudes (4). 

MANAGEMENT 

Species is used primarily for reforestation at higher elevations in cool, moist sites below upper timberline. It 
has been used to a Ii mited extent in the reclamation of subal pi ne mine sites; for exam pie, in the reclamation 
of the AMAX, Inc. Urad mine tailings in central Colorado. These sites were stabilized using waste rock, 
waste wood chips, sewage sludge, a sown mixture of grasses and other herbs to stabilize site 1 year priorto 
planting trees, including Engelmann spruce and shrubs. Irrigation was used in early establishment and 
some of the trees were inoculated with fungi to increase surface area of roots for better growth and survival. 
Grazing must be excluded and game and rodent populations controlled for maximum chance of successful 
planting. Shingles placed to shade seedlings aid better establishment. Shaping and stabilizing spoils, 
replacement of topsoil and/or fertilization, proper planting, mulching, providing shade, irrigating during 
first few years where feasible, or planting in contour furrows or trenches, as well as conservative land use 
management, need to be considered in reclamation plans (5,6). 

ASSOCIATED SPECIES 

This spruce occu rs most com monly with sUbalpi ne fir in the Rocky Mau ntains; it also occurs with lodgepole 
pine (Pinus conforfa), limber pine (P. f/exi/is). bristlecone pine (P. aristata). quaking aspen (Populus 
fremu/oides), a variety of blueberries (Vaccinium spp.) and other shrubs, and numerous high altitude 
herbs In reforestation, it is usually seeded alone but someti mes with lodgepole pi ne in more difficult sites. 
The Urad mine reclamati on incl uded nu merous grasses, herbs, and shrubs, with the herbaceous vegetation 
used to stabilize site and ameliorate the harsh environmental conditions for shrubs and trees. 

PESTS AND DISEASES 

Small mammals and sometimes big game and livestock injure seedlings. Spruce bark beetle epidemics
 
occur infrequently but usually are devastating, particularly to older age classes Spruce budworm is
 
potentially dangerous and wood rotting fungi are most common diseases (2).
 

IMPROVED VARIETIES 

None. Blue spruce (Picea pungens), more attractive native, commonly used for orna mental, screening, and
 
windbreak purposes in Central Rocky Mountains below 10,000 feet; requires irrigation in lower elevation
 
zones; e.g., in Great Plains and Great Basin.
 

REFERENCES 

(1) Preston, R. J., Jr. 1976. North American trees. 3rd Ed. Iowa State Univ. Press. Ames. 399 pp. 

(2) Fowells, H. A. 1965. Silvics of forest trees In the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 271. 762 pp 

(3)	 Johnson, C. M., and P. L. Sjoblom. n.d. Growing trees and shrubs in Utah. Utah State Univ., Ext. Serv. Ext.
 
Clrc. EC 370, Logan. 28 pp.
 

(4)	 Safford, L 0.1974. Picea A. Dietr. Spruce. Pages 587-597 LD C. S. Schopmeyer, Tech. Coord Seeds of woody
 
plants In the United States. U,S Dept. Agr., For. Serv., Agr. Handb. 450.883 pp.
 

(5) ShUbert, G. H.. L. J. Hedmann, and M. M. Larson. 1970. Artifical reforestation practices for the Southwest. 
U.S. Dept. Agr., For. Serv., Agr. Handb. 370. 25 pp. 

(6) Goor. A. Y., and C. W. Barney. 1968. Forest tree planting in arid zones. Ronald Press Co, NY. 409 pp. 
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LODGEPOLE PINE 
Pinus contorta Doug!. 

ORIGIN 

Native to Central and Northern Rocky Mountains and to the Sierra-Nevada-Cascade Mountainsand North 
Pacific Coast. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Small to medium-sized, evergreen tree. 

Conifer typically 30 to 80 feet ta/l and 0.5 to 2.5 feet in diameter with short, narrow crowns 
and long, slender boles with thin, orange-brown to gray bark, covered with loose scales. 
Leaves needlelike, fascicled in twos, 1 to 3 inches long, and yellowish-green. Male flowers 
in miniature spikelike stroboli, orangish-red; female conelets clustered and develop into 
ovoid, curved cones 1 to 2 inches long, often closed for years, with scales armed with 
prickles, nobby at base, containing winged, reddish-brown nutlet seeds (1). 

Plants incapable of vegetative reproduction except artificially; reproduce profusely from seed, often 
forming very dense "doghair" stands after fires; produce straight posts, poles, and timber. Flower June to 
Julyand ripen seeds August to September at 6,000 feet in elevation near Lake Tahoe, CA Not considered 
palatable to livestock but sometimes browsed by sheep and often used by deer and elk, particularly as 
winter emergency browse; provide food and cover for some bi rds and other wildlife; also provide watershed 
protection. At least two distinct sUbspecies recognized: var. contorta, a short, scrubby tree with twisted 
cones that grows along North Pacific Coast; and var. latifoliam, a taller inland or mountain form. The 
following discussion is specific of var. latifolium (1,2). 

ECOLOGICAL RELATIONSHIPS 

Subspecies grows on medium to coarse-textured soils 0erived from granites, shales, and sandstone 
geological material or coarse-grained lavas, usually well-drained It occurs from 1,500 to 11,500 feet in 
elevation. Lodgepolt! grows on low fertility sites and on shallow rocky or gravelly sites. It requires more 
moistu re than ponderosa pine (Pinus ponderosa) for good growth and is found mostly in the 18 to 25 inches 
MAP zones in the Central Rocky Mountains. Trees are cold-hardy, although chinook winds sometimes 
cause red belt injury. Planting generally is recommended above 8,000 feet in elevation in Rocky 
Mou ntai n-I ntermou ntai n areas with su itable sites. Sou rce of seed and planti ng stoc k important to survival, 
growth, and quality due to great variability within the taxon. Species requires high elevation and cool sites 
and often performs better on east- and north-facing slopes, except at highest elevations More shade
intolerant than most associates; advanced reproduction to pole-sized plants persist in shade for extended 
number of years. Trees easily killed by fire but species generally is perpetuated by fire opening serotinous 

•	 cones. Young trees are rarely damaged along driveways, around sheep bedgrounds, and in areas of 
extreme game winter concentrations. Less competitive in open stands than ponderosa pine; more 
competitive in shaded sites. Moderately compatible in not very dense mixed tree plantings but naturally 
rather incompatible with undercover species due to dense needle-litter, acid soils, and reduced nitrification 
(1,2,3). 

CULTURE 

!:!anting Depth, Rate, and Time 

Nurserymen plant seed about 1/8 inch deep by drilling or pressing seed firmly into soil. Rate is adjusted for 
quality of seed and desi red nursery seedlings density. For 50 to 75 seedlings per square foot density, about 
tWice as many seeds would be sown because nursery germination usually is about 10 percent less than 
average seed lab tests for germinative capacity (60 percent). Seed may be sown either in fall and mulched or 
SOWn in spring. Some seed spot direct seeding can be done on the more favorable sites but usually gives 
unreliable results; most sites which do not naturally regenerate and disturbed and difficult sites can be 
Planted using 2-0 or older stock. Older stock often is used on more difficult sites but stock must have 
balanced tops and roots, good caliper. and not have too extensive a top or it will dry out too rapidly during 
dry weather and on exposed sites (4,5,6). 
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Seed Cleaning and Quality 

Cones should be collected from superior quality trees. They may be collected from standing Or fell d 
or animal caches after seed-ripening. Hand pick seed with aid of ladders, hand cutter, and/or cuttine htrees 
to sever cones. Dry cones by spreading them on some surface in sun or in well-ventilated rooms or~ oo~s 
bags inside from overhead hooks. Seroti nous (closed) cones can be opened by dipping in boi ling wa~ngf In 
10 seconds to 2 minutes. Shake opened and dried cones in a tumbler or shaker Lo extract seed: run er Or 
through a dewinger machine; then reclean in clipper cleaner, fanning mill, or screens. Seed qualit seed 
standardized: purity unrecorded, 90 percent or better if effectively cleaned; germination 70 percen/ not 
seed average 94,000 seed per pound (4,6). ' and 

Germination and Seedling Characteristics 

Majority of viable seed germinate, and peak germination rate occurs in about 10 days under controlled lab 
conditions; some seed germinate as late as 21 days. Cold-moist stratified seed are germinated at 
fluctuating 68° /86° F temperatures with B hours of light daily. Fluctuating 4JO and 78° F temperatures, fUll 
sunlight, mineral soil or disturbed duff, and weed-free sites favor field germination. Recommended 
"stratification": 30 to 56 days at 33° to 41 ° F in a moist medium. Germination is epigeal. Seedling root and 
top growth rate are slow, and species is a rather slow grower except for some lowland interior Pacific 
Northwest strains that are fast growing but short-lived (4,6). 

MANAGEMENT 

Species widely used for reforestation, mountain windbreaks, Christmas trees, landscaping, and wood 
products. In much of its range, natural regeneration is preferable and encouraged by small patch or strip 
clearcutting, slash disposal methods, and site treatment. Unstocked areas 0 r those regenerating poorly can 
be machine planted on sites with high productivity that are not too steep, rough, rocky, or with down logs 
and stumps, Only the most favorable sites without much competing vegetation and with good moisture 
conditions, for example east and north-facing slopes with moderate depth of permeable, fertile soil, might 
be direct-seeded by hand in carefully chosen microsite spots, taking advantage of available shelter from 
drying wind and sun behind stumps, down logs, rocks, and slash. Generally, planting old adapted nursery 
stock gives more reliable stand establishment; hand planting is done using a planting bar or round-pointed 
shovel. Site preparation, providing contour furrows and control of competing vegetation, exclusion of 
g razing and control of rodents and larger mammals or use of repellants, careful selection and care of 
planting material, providing some shade or mulch where feasible, making sure plants are kept cool and 
moist until planted, using proper planting/seeding techniques, and prudent forest and total land 
management afterward are important considerations (5). 

ASSOCIATED SPECI ES 

Lodgepole pine commonly occurs in close association with Englemann spruce (Picea engelmannii), 
subalpine fir (Abies lasiocarpa), Rocky Mountain Douglas-fir (Pseudotsuga menziesiivar. glauca), quaking 
aspen (Populus tremuloides), common juniper (Juniperus communis), grouse whortleberry (Vaccinium 
scoparium). russet buffaloberry (Shepherdia canadensis), and snowberries (Symphoricarpos spp.). 
Usually planted alone or in solid blocks, but may be used for contrast, as a specimen, or for screening with 
other species about it in landscaping (2). 

PESTS AND DISEASES 

Rodents, porcupine. and deer molest new plantings. Mountain pine beetle is the most serious insect pest; 
lodgepole needle miner, lodgepole sawfly, and spruce bud worm defoliate plants. Dwarf-mistletoe 
increases mortality rates and causes reduced productivity (2). 

IMPROVED VARIETIES 

None. 
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Germinauor, and Seedling Characteristics 

Most viable seed germinate in 10 to 14 days in the lab. Standard germination conditions used are constant 
72° F temperatures and 8 hours of tight daily. Fresh seed are sometimes hastened in germination by 15 days 
cold strallflcatlOn; 15 to 60 days of such treatment are recommended for stored seed prior to use 
Germination IS epigeal. Growth is rated rather rapid tor better sites and is most evident in pole-sized ag~ 
classes (3,5). 

M,A,NAGEMENT 

Species is Widely used in Southeastern U.S. and into Ohio River valley and even west of its natural range in 
Western Interi or coal district due to wide adaptation of species. Direct seeding is common practice on mi ne 
spoils in Alabama and Southern States. Planting 1-0 seediing and older 2-0 stock is more common in 
northern and drier sections within and beyond its range. Total land reclamation and use planning is 
necessary for successful establishment and good performance. Important considerations include: site 
preparation; control of plant competition; correcting soil pH and fertility problems; topsoil replacement; 
grading and stabilizing; selection and care of planting and seed stocks; seeding and planting; control of 
small mammals and grazing during establishment years; replacement and thinning; insect, disease, and 
pest control: and conservative total land management and use (4,5). 

ASSOCIATED SPECIES 

Shortleaf pine commonly occurs in pure or mixed stands with eastern redcedar (Juniperus virginiana); 
black, post, scarlet, bear, southern red, northern red, and chestnut oaks (Quercus velutina. Q. stel/ata, Q. 
cace/nea, O. il/cifalia. Q. falcala, Q rubra, and Q. prinus, respectively); sweetgums (Liquidamber spp.); and 
white, longleaf, Virginia, and loblolly pine (Pinus strobus, P. pafustris, P. virginiana, P taeda); and 
numerous shrubs. forbs, and grasses. It is seeded/planted alone or with loblolly pine or. less commonly, 
witt-: selected hardwoods and herbaceous species. 

PESTS AND DISEJ\SES 

Young plants are susceptible to pine tip moth and littleleat disease. Rabbits damage seedlings and hogs 
rarely do some damage. Small mammals and birds consume quite a few seed. 

IIv1PROVED VARIETIES 

None.	 lmoroved planting stock eXists Check provenance for better quality. 

REFE.8ENCES 

(1) PrestDn R J .. Jr 1976 North American trees. 2rd Ed. Iowa State Univ. Press, Ames. 399 pp 

(2) Fowel!s H A 1965. S:IViCS of forest trees m the United States U.S. Dept. Agr., For. Serv., I>..gr. Handb 271 762 pp. 

(3) WaKeley P C. 1954. Planting the southern pine. US. Dept. Agr., For. Serv., Agr. Monogr. 18 233 pp. 

(4)	 Vogel, W G. 1981. A guide for revegetaiing coal mmesoils in the Eastern United States. US Dept. Agr.. 
For Serv Gen. Tech Rep NE-68 190 pp. 

(5)	 Krugman, S L.. and J L Jenkinson 1974 Pinus Pine. Pages 598-639 ~ C. S. Schopmeyer, Tech. Coord. 
Seeds of woody plants 1[. the Un;ted S1ates US Dept. Agr .. For. Serv., Agr. Handb. 450. 883 pp 



Germination and Seedling Characteristics 

Most viable seed germinate in 10 to 14 days in the lab Standard germination conditions useda" 
72° F temperatures and 8 hours of light daily. Fresh seed are sometimes hastened in germinatio~~ cons~~n. 
cold stratification; 15 to 60 days of such treatment are recommended for stored seed p( Y15~,~}lS. 
Germination is epigeal. Growth is rated rather rapid for better sites and is most evident in POI~~;i to ,USi$'. 
classes (3,5). zed ag.e 

MANAGEMENT 

Species is widely used in Southeastern U.S. and into Ohio River valley and even west of its natural ran' 
Western Inte rior coal district due to wide adaptation of species. Direct seeding is com mon practice on' g~ n 
spoils in Alaba~a and Southern .States Planting. 1-0 seedling and older 2-0 stock is more comm:·7e 

northern and drier sectIons within and beyond Its range. Total land reclamatIon and use Plannin·1:I 
necessary for successful establishment and good performance. Important considerations include: ~it 
preparation; control of plant competition; correcting soil pH and fertility problems; topsoil replaceinen~ 
gradIng and stabilizing; s.electlon and care of planting and seed stocks; seeding and planting; contro.(fu' 
small mammals and grazing dUring establishment years; replacement and thinning; insect, disease., ~.rld 
pest control; and conservative total land management and use (4,5),";. 

ASSOCIATED SPECIES 

Shortleaf pine commonly occurs In pure or mixed stands with eastern redcedar (Juniperus virginian;}}, 
black, post, scarlet. bear, southern red, northern red, and chestnut oaks (Quercus velutina, Q, stelfala,. 0'.' 
coccinea, Q. illcifolia, Q. falcala. Q rubra, and Q. prinus, respectively); sweetgums (Liquidamberspp.);ancf 
white, longleaf, Virginia, and loblolly pine (Pinus slrobus, P. pa!uslris, P. virginiana. P taeda); aqd 
numerous shrubs, forbs, and grasses. It is seeded/planted alone or with loblolly pine or, less commonly, 
with selected hardwoods and herbaceous species. 

PESTS AND DISEASES 

Young plants are susceptible to pine tip moth and littleleaf disease. Rabbits damage seedlings and hog~s 
rarely do some damage. Small mammals and birds consume quite a few seed, . 

IMPROVED VARIETIES 

None.	 Improved planting stock exists Check provenance for better quality. 

REFERENCES 

(1) Preston. R. J .. Jr. 1976. North American trees. 2rd Ed. Iowa State Unlv. Press, Ames. 399 pp. 

(2) Fowells. H. A. 1965. Silvlcs of forest trees In the United States. U.S. Dept. Agr., For Serv., Agr. Handb. 271. 762JIP; 

(3) Wakeley. P C. 1954. Planting the southern pine. U.S. Dept. Agr.. For. Serv.. Agr. Monogr 18.233 pp. 

(4) Vogel.	 W. G. 1981. A guide for revegetatlng coal minesoils in the Eastern United States. U.S. Dept. ~gr; 
For. Serv. Gen. Tech. Rep. NE-68. 190 pp 

(5)	 Krugman. S. L .. and J. L. Jenkinson. 1974 Pinus. Pine. Pages 598-639 in C. S. Schopmeyer, Tech. coord. 
Seeds of woody plants in the United States. U.S. Dept. Agr .. For. Serv"Agr. Handb. 450.883 pp. 
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LIMBER PINE 
Pinus ffexilis James 

Limi 
Nee 

ORIGIN spol 
shinNative to western foothill and high mountain ridges. See map for distribution in the U.S. 
mar 
trea 

SPECIES CHARACTERISTICS mOl 

Small to medium-sized, evergreen tree. 
AS~ 

Commonly 20 to 50 feet tall with irregular round crown; drooping, terminally-leaved 
branches; and thin, smooth, gray-white bark, turning brownish with age. Leaves needlelike Lirr 
in fascicles of five, rigid, dark to gray-green Staminate flowers small, in reddish stroboli; (At 

an(ovulates clustered, purplish, developing into long, narrowly ovate-conic cones, bearing
 
large, wingless, light brown seed on inner surface of slightly reflexed, unarmed scales (1)
 

PE 
and snow-tolerant. Flowering early summer and maturing late summer to fall, varying by latitude and 
Plants with deep tap roots having few branches, later supplemented by several lateral roots; very windfirm. 

5e
altitude. Palatability low for cattle, fair for sheep; considerably browsed by big game during open spells in pe
fall and winter; provides some food and sparse cover for birds and small mammals (1,2). cO 

ECOLOGICAL RELATIONSHIPS If\} 

Adapted mostly to medium and coarse, mostly shallow soils or raw parent material; typically occurs on NI 
exposed ridges and summits from foothills of Idaho and Nebraska to upper timberline. Adapted to 
moderately basic to moderately acid soils/substrates. Cold and drought-tolerant; growing in 12 to over20 W 
inches MAP zones and in denser stands in above 20 inches MAP zone. Growing either in open, pure stands P 
or mixed stands; relatively intolerant of shade Not fire-tolerant but often growing in stands so sparse fires p
seldom carry. Intolerant of competition from dense stands of shade-tolerant tree species but rather tv
compatible with herbs and shrubs in its native environs (1,2,3). 

a 
sCULTURE 
1= 

Planting Depth, Rate, and Time r 

Plant seed for nursery purposes in fumigated, well-prepared beds about 1/4 to 3/4 inch deep or up totwice 
the diameter of seed, using greater depths for coarser textured soils and dry seasons. Rate of seeding is 
adjusted for seed quality and with the seeding stand density goal, which often varies from 15 t050 plants per 
square foot: sparser stands used when seedlings are held beyond 1 year in nursery. Seeds are sown in early' 
spring using stratified seed; unstratified seed can be sown in fall at higher elevations or northern latitudes 
where little danger of fall/early winter germination exists Either direct seeding ortransplanting of nursery, 
or rarely wilding, stock can be done for a variety of purposes, including high altitude mineland reclamation. 
Hand spot seeding/planting requires careful selection at spots where seedlings are apt to survive, usually 
where ample soil moisture and site stability are assured (3,4). 

Seed Cleaning and Quality 

Cone collecting, seed extraction, and cleaning processes are similar to other pines. Refer to ponder?sa 
pine (Pinus ponderosa) for such information. Seed quality not standardized: purity variable. approaching 
100 percent, depending on cleaning effectiveness; germination tram limited testing 42 percent (untreated) 
to 82 percent (stratified); and seeds average 4,900 per pound (3). 

Germination and Seedling Charactenstics 

Peak germination rate attained in 14 days. and some seed germinate In 27 to 30 days in lab tests. OptimUm 
germination appears to occ ur by cold stratifying seed for 3 weeks to 3 months and testing under alternatl~6 
i=;QO !QP.V;:: Tom"",rRrllr",,, Gerfii;ncmor', IS epi09E.: Limber pine is classed as a slow grower, taking 200 t03 

c 



Seeds 

None. 

Pinus 

MANAGEMENT 

Limited use made of this species in land reclamation and highway beautification within its unique habitats. 
Necessary to avoid too large seedlings due to high transpiration loss on windy sites Seeding/planting 
spots should be selected in shelter of rocks, downed logs. or bushes, and plants should be provided with 
shingle or slash on most exposed sides. Mulching and irrigation probably necessary during first year or 
more for good survival. G razing should be excluded and small mammals controlled or seeds and plants 
treated with repellants. Typically fragile sites require conservative land management and constant 
monitoring of reclamation, particularly during first 5 to 10 years (4). 

ASSOCIATED SPECIES 

Limber pine commonly occurs in mixtures with Engelmann spruce (Picea engelmannii) , subalpine fir 
(Abies lasiocarpa), bristlecone pine (Pinus aristata), lodgepole pine (P. conforta), and a variety of shrubs 
and herbs. Infrequently seeded/planted alone. 

PESTS AND DISEASES 

are consumed by small mammals and birds. Chief problem is white pine blister rust. which 
periodically decimates stands where species or currants (Ribes spp.) abound. Ribes either needs to be 
controlled or limber pine not used. 

IMPROVED VARIETIES 

. Whitebark pine 
Pinus albicaulis 

albicaulis, whitebark pine, distributed in the Northern Rocky, Cascade, and Sierra-Nevada 
Mountains, is very similar and distinguishable chiefly by its shorter, rounded ovoid cones which remain 
closed until their central axis disintegrates. It occu pies similar exposed subalpine su mmits but is not fou nd 
at lower foothills sites. Species could serve a similar role for its attractive foxtaillike evergreen foliage and 
site stabilizing potential in high altitude mining areas. Bristlecone pine (Pinus aostata), sometimes 
popularly called foxtail pine, is more commonly used for landscaping in urban and suburban areas, has 

·,more terminally concentrated needles and purplish ovoid cones, having bristly incurved prickles on scales. 

REFERENCES 

(1) Preston, R. J., Jr. 1968. Rocky Mountain trees. 3rd Rev. Ed. Dover Publ., Inc., NY. 285 pp. 

(2)	 Sutton, R., and C. W. Johnson. 1974. Landscape plants from Utah's mountains. Utah State Univ. Ext. Servo 
EC-368. 135 pp. 

'm Krugman, S. l., and J. l. Jenkinson. 1974. Pinus. Pine. Pages 598-639 ill C. S. Schopmeyer, Tech. Coord. 
Seeds of woody plants in the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 

(4) Schubert, G. H.. L. J. Heidmann, and M. M. Larson. 1970. Artificial reforestation practices for the Southwest. 
U.S. Dept. Agr., For. Serv., Agr. Handb. 370. 25 pp. 
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PONDEROSA PINE 
Pinus ponderosa Laws. 

ORIGIN 

Most extensively distributed pine in North America: from Nebraska and western Dakotas west to Pacific 
Coast and In all 11 western States. See map for distribution in the US 

SPECIES CHARACTERISTICS 

Medium-sized to very large evergreen trees. 

Conifer typically 50 feet to 150 feet tall with medium length conical or round-topped 
crowns, limby to clear boles In age, 2 to 4 feet in diameter, covered by thick black or 
cinnamon-brown bark, separating into scales, and large yellowish flat plates. Leaves 
yellow-green. needlelike, in fascicles ot threes or twos, averaging about 6 Inches long, and 
persistent. Male flowers yellow in small conelike stroboli, pistillate in green cones, maturing 
brown. up to 6 inches long, containing winged, purplish nutlets borne naked on inner face 
of cone's many recurved prickly scales (1). 

Plants not sprouting from base or stump; extensively and moderately deep rooted: seedlings with long tap 
roots. Plants flower April to June, and seeds ripen August to October, varying environmentally and 
genetically. Palatability usually low to livestock; sometimes browsed, particularly by big game in winter. 
often due to shortage ot lorage or drinking water. Trees provide good wildlife and watershed cover and 
some food for birds and small mammals. in additIOn to valuable wood products (2). 

ECOLOGICAL RELATIONSHIPS 

Species adapted to wide range of soil textures from clay loams to loamy sands; grows on soils derived from 
'sedimentary, metamorphic, and igneous parent matenals, and also on thin parent materials of gravel, 
cinders, and pumice. Thrives in deep, well-drained soils of good moisture holding capacity: occasionally 
on sites with imperfect drainage and seasonally high water tables. Better performing on mildly acid to 
neutral substrates but tolerant of moderately acid (to a pH of 4.5) to moderately basic soils but not to saline 
orsodic soils Thrifty stands occur in the 15 to over 25 inches MAP zones in Rocky Mountains; rarely found 
growing in moisture compensating soils/sites (e.g., pumice) with less than 10 inches MAP. Moderately 
strong drought tolerance. particularly in seedling stages, due to long tap roots Species with three 
recognized subspecies and geographic strains and ecotypes; use care in selecting source of seed and 

, ~heck provenance of planting stock as well. S hade-i ntolera nt and g rows most rapidly in nearly fu II sun I/g ht. 
Fair to good tolerance of fire in maturer stages due to thick bark: usually only injured if less than half of 
crown burned, but seedlings and pole size trees killed or thinned by fire Reproduction fairly tolerant of 
moderate browsing but malformed trees and seedling mortality result with repetition. Providing adequate 
:drinking water daily to livestock minimizes browsing of pine reproductIOn in the semiarid Southwest. Trees 
~moderately tolerant of competition past the seedling stage, retaining capacity to respond to release from 
.~ompetition until later age than most species. Dense grass greatly inhibits pine reproduction, particularly 

In semiarid Southwest (1,2.3) 

,CULTURE 

'~ng Depth, Rate, and Time 

Seeds are drilled or broadcasted and pressed firmly into prepared nursery seedbeds 1/8 to 1/2 inch deep . 
.. he latter depth with fall seedings. Rate of seeding varies with quality of seed and desired seedling density; 
. ,~sual goals vary between 25 and 65 seedlings per square foot, the higher denSity for 1-0 stock and lower 
.penslty for 2-0 or older stock. Seedling yield from viable seed ranges trom 20 to 80 percent, median 50 
~e~rcent, suggesting need for 50 to 130 PLS per square foot for seedling density goals listed above. Seed 
:b~ her In fallor spring: use untreated seed in fall but only seeds receiving mOist prechilli ng treatme nt should 
'so Planted In spring. Reforestation or afforestation by direct seeding is unreliable. Sometimes seeds are 

, 
12~~ In mOist mineral soil, north slopes, weed and brush-free areas. and rodent-controlled. Drtll10,OOO to 

0 PLS per acre or locally more precise rates: use a rangeland drill or improved tree seeder or spot 
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seeder and 1,700 to 5,000 PLS per acre, varying rate to desired stocking (4), Generally nurse RE
greenhouse grown seedlings or older stock are planted for reforestation and Windbreak purpOses' r~dOr 
stock (2-0, 2-1, or older) often used for planting on difficult sites, including minesoil reclamatlo~ ~ite~r (1 ) 
Newer controlled-environment greenhouse practices raise vigorous container stock In 1 year, equivale 

(2)size to former 3-year old nursery stock. Sample checks Indicate as good or better survival and growth t~ In 
standard planting stock 3-years old (3,5). (3' 

Seed Cleaning and Quality (4 

Collect cones by hand-picking from trees by climbing trees or ladders, using a cutting hOOk, or Collectin 
ripe seeds from felled trees or animal caches. Dry cones slowly in sun. ventilated rooms, in sack9 (5 

suspe nded from ceilings, or heat in cone kilns at 11 0° F, 120 0 F, and 165 0 F for 60, 3, and 2 hOurs for va s 
arizonica, ponderosa, and scopulorum, respectively. Shake dried/heated cones in tumblers or shakers t~ {E 
extract seed. Dewing seed in a dewinger and clean in clipper cleaner or fanning mill. Seed quality not 
standardized: purity variable, dependent on cleaning effectiveness and purity needed for SOWing method 
usually should be 90 percent or better; germination capacities average 75 percent. 60 percent, and 64 . 
percent; and 11,400, 12,000, and 13,100 seed per pound for var. arizonica, ponderosa, and sCOpulorum 
respectively (5). ' 

Germination and Seedling Characteristics 

Fresh seed not stored before testing germinate rather rapidly with more than half to about 90 percent 
germinating in 10 days under controlled lab conditions; some late germination occurs for 20 to 30 days. 
Germination is epigeal. Variety arizonica requires no pregermination treatment but stored seed of the other 
two varieties are improved and hastened by moist prechilling ("cold stratification") for 20 or 30 days. 
Growth rate is rather slow in early years but moderate to fast beyond the advanced reproduction stage, 
varying greatly with site conditions (2,5). 

MANAGEMENT 

Species very commonly used in Rocky Mountain-Intermountain regions and frequently in northern prairie
plains regions for reforestation, windbreaks, landscaping, wildlife cover, Christmas trees, and watershed' 
protection. It is used to limited extent for planting on coal minesoils in Kansas and Pennsylvania. Prepare 
planting sites and remove competing vegetation and conserve moisture. Take good care of planting stock, 
never letting roots dry between lifting and planting, and observe good planting practices. Container stock 
should be irrigated before being set out and bare-root stock should be irrigated at the time it is set out, 
whenever feasible. Planting in contour furrows, basins, or irrigable furrows aid growth and survival in arid 
zones (4). Exclude livestock from new plantings for several years. Plan reclamations, shelterbelts, and 
reforestation to fit into total land conservation and utilization programs (4.6) 

ASSOCIATED SPECIES 

Ponderosa pine commonly associates with Rocky Mounatin juniper (Juniperus scopulorum), Douglas-fir 
(Pseudotsuga menZies/i), true mountain-mahogany (Cercocarpus montanus), antelope bitterbrush 
(Purshia tridentata) , and Rocky Mountain maple (Acer gJabrum). It commonly is planted with eastern 
red cedar (Juniperus virginiana) or Rocky Mountain juniper, shrubs and hardwoods in windbreaks; 
frequently is planted alone. 

PESTS AND DISEASES 

Small mammals menace new plantings and sometimes large animals destroy them. Three Dendroc!Onus· 
pine beetles are most destructive among 108 species of insects on ponderosa pi ne. Dwarf mistletoe causes 
more damage than any other disease, but Fomes annosus causes root and butt rot and Polyporus anceps 
rots considerable wood (2). 

IMPROVED VARIETIES 

None. Rocky Mountain variety is P. ponderosa scopulorum,' P, ponderosa a(Jzonica, the Arizona pine, of 
southern Arizona and New Mexico, has five-needled fascicles and small cones. 
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LOBLOLLY PINE 
Pinus taeda L. 

ORIGIN 

Native to Southeastern United States See map for distribution in the U.S 

SPECIES CHARACTERISTICS 

Medium to large evergreen tree. 

Conifer often 100 feet tall and 3 feet in diameter; with long. clear boles; dense. rounded 
crown and thin. scaly bark, black In youth and reddish-brown and plated in age. Needlelike 
leaves in fascicles of three, slender. 6 to 9 inches long, pale green. Yellow male flowers in 
small stroboli; ovulate yellow flowers in conelets, developing into conic-oblong cones, 2 to 
6 inches long, pale reddish-brown, containing 1/4 inch long. winged. brown and black seed, 
borne on inside of spiny-tipped, reflexed scales (1). 

Trees fairly windfirm from an extensive but somewhat shallow root system. Not stump or basally sprouting. 
Vegetative growth resumes in March and April: flowers about 10 days later; and cones and seeds mature in 
early October. Palatability low to livestock, infrequently attacked by hogs; provides some food and cover 
for birds and small mammals, In addition to good watershed and wood values (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species adapted to wide variety of soils from residual upper Piedmont soils to poorly drained flatland soils 
of lower Coastal Plain and river floodplains. More productive on river bottoms and terraces: poor growth 
with excessive surface drainage or hardpans within root profile. Tolerant of weakly to strongly acid soils 
(lower pH limit is 4.5) Tolerant of prolonged flooding and fairly high water table. III-suited to eroded soils 
without an A hOrIZon. Generally occurs in the 40 to 60 inches MAP zones with a 6 to 10 month growing 
season. Weak drought tolerance Rated intolerant of shade but tolerates partial shade. Moderately cold
tolerant for a southern pine and grown, with better survival from planting nursery stock, several hundred 
miles north of its native range. Source of seed and provenance of planting stock very important to disease 
and cold tolerances and growth. Good tolerance of fire after 5-years old. Species responds to fertility: 
greater growth rates noted when planted with adapted legumes or in alternate rows with European alder 
(Alnus glut/nosa). Weakly competitive with shade-tolerant hardwoods and not particularly compatible with 
herbs, due to heavy smotheri ng need lecast (1 ,2.3,4). 

CULTURE 

· ~anting Depth, Rate, and Time 

· Seed is pressed into soil about 1/6 inch deep (one seed diameter in depth) and mulched with pine straw in 
· nursery operations. Plant field sown seed 1/4 to 1/2 inch deep. Use 1 to 11/2 pounds PLS per acre for direct 

seeding labially into southern parts of the Eastern and Western Interior (Illinois-Oklahoma) Coal PrOVince 
sites. Special seedbed preparation to provide weed-free, firm conditions essential if such conservative 

· rates are to yield desired 1,000 trees per acre. More commonly for reforestation, 1-0 seedling stock is 
planted in late winter or early spring. Unstratified seed are sown in late fall or early winter and stratified seed 
In spring; they should be treated with bird and rOdent repellant before sowing (3,5,6). 

· ~ed Cleaning and Quality 

Collect mature cones from superior standing or freshly felled trees and from animal caches. Hand-pick 
from trees with aid of ladders and cutting hooks: sometimes mechanical tree shakers are used to speed the 
'job. Dry cones in sun. well-ventilated rooms. or in cone kiln until scales reflex. Extract seed by shaking in 
tUmbler or shaker; dewing In a dewinger machine and clean in a Clipper cleaner or fanning mill or 
eqUivalents Remove empty seed by floatation in water. Seed quality: minimum purity standard suggested 
.95 percent: average germination 90 percent; 85 percent PLS; and 18,000 seed per pound (6). 
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(4) Wrig' 
HGermination and Seedling Characteristics 

(5) VOgE
Viable seeds germinate in 17 days under lab conditions. Germination is epigeal. Germination t t 
conditions are constant 72°F temperatures with 16 hours of light daily. Recommend pregermina/s F 

treatment for fresh and stored seed is30 t060 days of cold-moist stratification Loblolly seedlings and tr~on (6) Kru~ 
are fast growing (6). es S 

MANAGEMENT 

Species typically is planted as 1-0 .nursery or container stock north of its natural range in the southern parts 
of the Appalachian, Eastern Interior, and W~stern Interior Provinces and In all of the Lignite coal mining 
Provinces of the Eastern U.S. Commonly direct-seeded on coal mine spoils In Alabama and southern 
sections, often with herbaceous legumes or in alternate rows with nitrogen-fixing trees. Ultimate uses may 
be forest products, aesthetics and screening, and wildlife cover and food. Plantings/seedings reqUire site. 
preparation; removal of plant competition; proper selection and care of planting/seed stocks; seedingi 
planting; exclusion of grazing for first few years (always on critical sites); soil amendments/fertilizers, 
topsoil replacement, grading, and stabilization; seedling recruitment/tree thinning; insect/disease/pest 
control; and total conservation and land use (3,5). 

ASSOCIATED SPECIES 

Loblolly pine is often mixed with sweetgum (Liquidambar spp.); shortleaf pine (Pinus echinata); and 
southern red, post, blackjack, and water oak (Quercus fa/cata, Q steJlata, Q. marilandica, and Q. nigra); 
yellow poplar (Liriodendron tu/ipifera): pond and slash pine (Pinus serafina and P. el/iottii); and laurel oak 
(Quercus laurifolia). Commonly seeded alone or with shortleaf pine (Pinus echinata) and adapted· 
lespedezas (Lespedeza spp.) or European alder (Alnus glutinosa), which fix nitrogen and stimulate better 
growth (2). 

PESTS AND DISEASES 

Limited damage by rabbits and hogs; more damage done by rodents consuming seed. Southern pine, black 
tu rpentine, and engraver beetles cause serious losses. Tip moths attack young plants. Heart and butt rots 
major causes of cull timber. 

IMPROVED VARIETIES 

None. Seek improved provenance. 

Virginia pine 
Pinus virginiana 

Virginia pine (Pinus virginiana Mill), a small tree 40 feet tall and 1 foot in diameter, has needle-leaves in 
twos, on Iy 2 inc hes long, with cones similar to P. eChinata but flatte r-based. G rows on low fertility, dry site:s 
and on old abandoned fields. Abundant producer of high germination seed. Natural range: New York and' 
Pennsylvania to southern Ohio, south to northeast Mississippi, south along Atlantic Coast to South 
Carolina/Georgia boundary. Most common pine used on minesoils in Eastern U.S. Tolerant of dry and acid 
minesoil types. More commonly planted as 1-0 seedlings than seeded; plantings in Eastern Interior and 
Western Interior Coal Provinces permit invasion of hardwoods after 15 to 20 years. Used for pulp a~d, 
Christmas trees; makes high value wildlife food and cover when planted in strips or blocks alternating with 
herbaceous or other woody plants. 

REFERENCES 

(1) Preston, R. J., Jr. 1976. North American trees. 3rd Ed. Iowa State Unlv. Press, Ames. 399 pp. 

(2) Fowells. H. A. 1965. Silvlcs of North Amenc:ln trees. U.S. Dept. Agr., For. Serv., Agr. Handb. 271. 762 pp. 

(3) Wakely, P. C. 1954. Planting the southern pines. U.S. Dept. Agr., For Serv., Agr. Monog. 18.233 pp. 
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(4)	 Wright, H. A., Dept. Range and Wildlife Manage., Texas Tech Unlv., LUbbock. Personal communication. June 2, 
1982. 

(5)	 Vogel, W. G. 1981. A guide for revegetatlng coai minesoils In the Eastern United States. U.S. Dept. Agr., 
For. Servo Gen. Tech. Rep. NE-68. 190 pp. 

(6)	 Krugman. S. L., and J. L. Jenkinson. 1974. Pinus. Pine. Pages 598-639 ill C. S. Schopmeyer, Tech. Coord. 
Seeds of woody plants in the United States. U.S Dept. fl.gr., For Serv. Agr Handb. 450.883 pp. 
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Figure 94. Loblolly pine (Pinus taeda). Twig with needles and closed cones x 2/3; cone x 4/5. 



QUAKING ASPEN 
Populus tremuloides Michx. 

ORIGIN 

Native to cooler, moist, northern and western mountain area. See map for distribution In the U.S. 

SPECIES CHARACTERISTICS 

Small to medium-sized, short-lived. deciduous tree. 

Trees 20 to 50 feet tall, 0.5 to 2 feet diameter, clear trunks with loosely rounded crown and 
thin, smooth, chalky white bark, becoming gray and furrowed near base in age. Leaves 
simple, alternate, suborbicular, with pointed apex and rounded to cordate base, serrate 
margins attached to flat petiole that causes blade to flutter. Flowers inconspicuous in 
pendant aments, pistillate longer with red stigmas, maturing gray, hairy seeds in narrow 
ovate capsules (1). 

Plants with extensive and mostly shallow roots, spreading by underground runners and readily root 
sprouti ng after cutting or fi reo Flowering March to May, before the leaves, and maturing seed May to June or 
later at highest elevations. Palatable to livestock and big game; wood consumed by beaver; prOVides 
excellent watershed and wildlife cover and specialized wood products (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species grows in soil of most textural classes; more productive in deep, well-drained, medium-textured 
sandy loam to silt loams and least well adapted to coarse sand s and dense clays. Thrives in sites with water 
table between 1.5 and 5 feet below surface and with higher calcium, magnesium, potassium, and nitrogen 
supplies. Grows in moderately basic to weakly acid soils and contributes to increased nitrogen supply by 
leaf drop. Regional strains and ecotypes adapted to wide moisture range from 7 inches MAP in interior 
Alaska, to the 25 to 40 inches MAP zo nes in the Midwest and Northeast, and to about 15 to 30 inches zones 
in the Rocky Mountains. Tends to occur on south-facing exposures at upper elevation and on north-facing 
slopes or along drainages at lower elevations. Cold-hardy but inflorescences sometimes killed by late 
spring freezes, indicating need to seek adapted seed or planting stock. Plants grow near sea level and close 
to upper timberli ne in western mountai ns. Shade-intolerant but a pioneer casti ng shade for tolerant species 
to succeed it. Good fire-tolerance; when infrequently burned, sprouts and becomes denser. Fair 
grazing/browsing tolerance: vegetative reproduction frequently suppressed by graZing/browsing and 
intense repeated defoliation of sucker sprouts of cutover stands partially kills and thins stands (1,2,3). 

CULTURE 

Planting Depth, Rate, and Ti me 

In nursery practice, seed is sown on the soil surface, not even rolled or packed in, sprayed with water with 
fine spray until seed fixed to soil, then shaded and kept moist for 1 month until seedlings well started. Rates 
of seeding are adjusted by seed quality to produce a prescribed or desired seedling density in the nursery, 
usually 100 or more per square foot. Seed is either planted fresh due to specialized storage necessary to 
retain viability or deferred until later fall or spring or just before the start of the moistest growing season 
Nursery grown seedlings uncommonly planted in early spring for landscaping or for control of disturbed 
lands Young wildings or root cuttings also can be used for small projects but transplanting is considered 
uneconomical with present state of the a rt. Rarely, tractor mounted shovels or front end loaders are pushed 
into edges of aspen groves and young plants thus transplanted for aesthetics and soil stabilizatiol'" 
purposes (4) 

Seed Cleaning and Quality 

Branches with nearly mature catkins can be collected and placed in a warm greenhouse or room until 
capsules open or catkins can be picked from trees when seeds turn a light straw color. Place catkins in 
screens or pans in thin layers until seed is shed. Seed can be separated from hairs by using an airstream to 
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force seeds through a set of screens (20, 20, 40, and 60-mesh). Dry seed slowly at70° F over a3-day period 
Seed quality not standardized: purity approaches 100 percent, depending on thoroughness of cleanin 
germination not detailed but isolated tests to 97 percent; and 3,600,000 seed per pound (one test only) {4~: 

Germination and Seedling Characteristics 

Best germination reported from 84° F and 89° F temperatures but sturdier seedlings reported from those 
germinating under 41 0 F to 84° F regimes. International rules of testing call for alternating 68 0 /86° F regimes 
with light, first countsat3 days and final countat 14 days. Seed retains good viability for at least 1 yearwhen 
stored at 4PF. Germination is epigeal. Aspen seedling and tree growth is considered rather rapid (4). 

MANAGEMENT 

Chief current use largely for landscaping in near-mountain towns and rest stops and parks. Species 
considered promising for high altitude revegetation and wildlife habitat improvement and of lower potential 
for critical site stabilization and roadside planting. probably partly due to its high palatability. Seedlings 
transplanted in mountain sites may need to be mulched and irrigated until well established. Reduction of 
plant competition, exclusion of livestock, and control of game and small mammal populations until stands 
firmly established and subsequent balancing of graZing/browsing pressure with conservative forage 
supplies are essential management features in a total land-use, sustained yield management program (5). 

ASSOCIATED SPECIES 

Species grows best alone but is mixed with bristlecone pine (Pinus aristata), Rocky Mountain Douglas-fir 
(Psuedotsuga menziesii g/auca), blue spruce (Picea pungens), lodgepole pine (P. contorta), Engelmann 
spruce (P. engelmannii). and subalpine fir (Abies /asiocarpa) in western mountains and with several firs 
(Abies spp.), spruces (Picea spp.), and pines (Pinus spp.). as well as many hardwood species, in 
Northcentral and Northeastern States. Usually planted alone in small groups, colonies, or stands but can be 
used advantageously in rows, strips, or blocks with grasses, forbs, and shrubs. 

PESTS AND DISEASES 

Small and large mammals sometimes girdle or chew off seedlings or sprouts; elk bite the bark and rub.their 
antlers, making an entrance for fungi. Cutworms, shoot dieback, and willow shoot sawfly attack suckers. 
Wood rotting fungi and cankers are pathogens of economic significance. The poplar borer and the forest 
tent caterpillar cause serious damage. 

IMPROVED VARIETIES 

Essentially none. Species is very polymorphic with distinct ecotypic, geographic race, and even clonal 
differences. Some hybrids are good seed producers, fast growing, and resistant to certain diseases; e.g., P. 
trem'uloides x. P. tremu/a. 

REFERENCES 

(1) Preston, R. J., Jr. 1968. Rocky Mountain trees. 3rd Rev. Ed. Dover Pub/., Inc., NY. 285 pp. 

(2) Fowells, H. A. 1965. Silvics of North American trees. U.S. Dept. Agr., For. Serv.. Agr. Handb. 271.762 pp. 

(3)	 Thornburg, A. A. 1982. Plant materials for use on surtace mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-£OO-7-79-134. 88 pp. 

(4} Schreiner, E. J. 1974. Populus. Poplar. Pages 645-655 in C. S. Schopmeyer. Tech. Coord. Seeds of woody plants 
in the United Slates. U.S. Dept. Agr., For. Serv., Agr. Handb. 450 883 pp. 

(5} Sulton, R.. and C. W. Johnson. 1974. Landscape plants from Utah's mountains. Utah State Univ. Ext. Servo Circ. 
EC-368. Logan. 135 pp. 
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Figure 95. Quaking aspen (Populus tremuloides). Twig with leaves x 1; pistillate catkins win'l cottony 

fruit x 1. 
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DOUGLAS-FIR 
Pseudotsuga menziesii Franco 

ORIGIN 

Native to 11 western conterminous States and Alaska. See map for distribution in the U.S. 

SPECIES CHARACTERISTICS 

Medium-sized, evergreen tree. 

Var. glauca, Rocky Mountain form discussed here; up to about 130 feet tall and 3 feet 
diameter, with symmetrical conical crowns, variable branching from ascending to grace
fully drooping, and thick gray-brown bark, developing blisters in youth and ridges 
separated by furrows in age. Leaves dark green to blue-green, single, needlelike, flattened, 
blunt-tipped, spirally arranged and with short petiole. Flowers monoecious; male orangish 
in diminutive stroboli; pistillate in green, streaked with red conelets, maturing into dark 
brown, pendent, ovoid cones 2 to 3 inches long, with distinctive three-forked bracts 
exserted beyond round-tipped scales, and producing winged nutlet seeds (1). 

Plants with extensive lateral spreading root systems; wi ndfirm if not overthin ned. Flowers April to June and 
matures cones first season, late July to September. Palatability usually low to livestock with adequate 
herbage and other browse, but younger plants occasionally browsed, especially by sheep; also browsed by 
big game, much more in winter, and cambium sometimes stripped by bear; provides food and cover for 
Wildlife, watershed cover, and valuable wood (2). 

ECOLOGICAL RELATIONSHIPS 

Adapted to moist, well-drained, shallow to deep soils, varyi ng from coarse rocky, gravelly, and silty, to often 
mediu m-textu red soils, moderately aci d to neutral in reaction. Intolerant of soil salin ity and much alkalinity. 
Taxon grows at elevations between 2,000 feet and 10,000 feet and progressively higher from north to south 
in the Rocky Mountains. Usually somewhat confined to north-facing or shaded expoSlJres at lower and 
warmer elevations. Plants exhibit great variation in growth rate. form, foliage, and quality. Seed source or 
planting stock should be obtained locally or nearby from improved or tested provenance. Well adapted in 
the 16 to 25 inches MAP zones and moderately drought-tolerant beyond the seedling stage. Intermediate in 
shade tolerance and often occurs intermixed with aspen and conifers but also in pure stands. Not very fire
tolerant; older plants somewhat tolerant due to thick bark but greatly injured; saplings and poles are usually 
killed Repeated browsing stunts and deforms reproduction and sometimes kills seedlings but light graZing 
benefits stands by reducing competition. Advanced reproduction fairly tolerant of shearing and shaping in 
Ch ristmas tree plantations. Plants fai rly competitive past the advanced reproduction stage, except to dense 

J overstory species (2,3). 

CULTURE 

Planting Depth, Rate, and Time 

In nurseries, stratified seeds are drilled 1/8 to 3/4 inch deep in spring despite natural stratifying effect of fall 
sowing, due to hazards of frost heaval, winter kill of early germinates, rodenVbird losses, and logistic 
problems. Avoid exposing stratified seed to drying when handling in air and in dry nursery beds; exposure 
to 3 weeks of drying reverses stratification effects. Adjust seeding rate to obtain desired seedling density in 
nursery, often about 25 to 30 seedlings per square foot ideal but fewer desired when growing older stock 
(e.g., 2-0 or older). About 50 percent of viable seed develop seedlings in nu rseries; hence, plant 50 to 60 PLS 
per square foot. Reforestation guides for the Southwest recommend rates of 1,700 to 4,800 good seed per 
acre for spot seeding; 10,000 to 12,000 for drill seeding; and 16,000 to 48,000 for broadcast seeding on 
moist, well prepared sites. Such direct seedings are made only with most favorable site conditions in Rocky 
Mountain-Intermountain areas. Seedings are made just before the moistest growing season; during last 
half of June in the Southwest. Planting of nursery or containerized stock commonly done for windbreaks, 
landscaping, and reforestation (3,4) 
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Seed	 Cleaning and Quality 

Pick ripe cones when seed coats turn golden-brown and detach intact trom their b t f . 
felled trees, and from squirrel caches during good crop years. Store loosely bag r~~, ro; sta~dlng or 
ventilated place on Iy up to 3 or 4 months. Ki In dry cones at 90° to 110° F for 2 to 48 hgourssueet'l

s 
In ry, well 

' d' d	 n r cones openExtract seeds f rom cones by tum bl Ing ne cones; screen-separate seed from scales d'rt d db' : 
, d . d' d f bl d A 'd	 ' I ,an e nsdewlng see In a eWlnger an an or ow pro uct. VOl overprocessing in dewinger, particularly with 

much coarse matenallike cone scales, Seed quality recommended for commercia! uses: 90 percent p (t ' 
70 percent germination; 63 percent PLS; number of seeds per pound varies by sources: AZ, 32 OO~ ~:~ 
pound; CO, 39,000; and interior B,C., 44,000 (5). ' 

Germination and Seedling Characteristics 

Nearly three-fourths of viable seed germinate in 9 to 12 days in lab testing: some seeds continue to 
germi nate for 30 days. P rechilling is not prescribed by the International Seed Testing Association but often 
done routinely for var. glauca. Growth rate is rated moderately fast (5). 

MANAGEMENT 

Rocky Mountai n Douglas-fir used for mountain windbreaks, reforestation, Christmas tree plantations, and 
landscaping. Mostly seedling or container stock planted; less commonly some direct seeding employed on 
favorable sites Site and/or spot microsite preparation, reduction of plant competition, exclusion of 
livestock, control of rodents and/or use of repellants, proper selection of planting/seeding stocks, proper 
care of stocks and planting/seeding practices or monitoring contract work, conservation land manage
ment/use practices designed for sustained yield, and total land use are important considerations (3,4), 

ASSOCIATED SPECIES 

Taxon occurs in pure stands and in mixtures with ponderosa pine (Pinus ponderosa), Western larch (Larix 
occidentalisJ, grand fir (Abies grandis), white fir (A. concolor), western white pine (P. monticola), 
lodgepole pine (P. contorta). Engelmann spruce (Picea engelmannii), quaking aspen (Populus tremu

I· loides) , and subalpine fir (A. lasiocarpa). Can be planted alone or in mixtures with other adapted conifers 
and hardwoods, the species varying in region, elevation, and site. 

PESTS AND DISEASES 

Rodents and browsing animals threaten planted seed and plants. Spruce budworm and Douglas fir beetle 
are important enemies. Douglas fir dwarf mistletoe and a needlecast are damaging diseases 

IMPROVED VARIETIES 

None. Great range in branching, growth rate, follage, and color should permit Improvement by selection 
and breeding. 

REFERENCES 

(1) Preston, R. J., Jr. 1968. Rocky Mountain trees. 3rd Rev. Ed. Dover Publ., Inc., NY. 285 pp. 

(2) Fowells, H. A. 1965. Silvics of North American trees. U.S. Dept. Agr., For. Serv., Agr. Handb. 271. 762 pp. 

(3)	 Sutton, R., and C. W. Johnson. 1974. Landscape plants from Utah's mountains. Utah State Univ. Ext. Servo 
Circ. EC-368. Logan. 135 pp. 

(4)	 Schubert, G. H., L. J. Heidmann. and M. M. Larson. 1970. Artificial reforestation practices for the Southwest U.S. 
Dept. Agr., Agr. Handb. 370. 25 pp. 

(5)	 Owston, P. w., and W. I. Stein. 1974. Pseudotsuga. Douglas-fir. Pages 674-783 !..!l C. S. Schopmeyer. Tech 
Coord. Seeds of woody plants in the United States U.S. Dept. Agr .. For. Serv., Agr. Handb. 450.883 pp. 
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Fig ure 96. Douglas-fir (Pseudofsuga menziesii). Twig with needles and cone of var. 'menziesii' x 1 (x 1/2 for 

cone of var. 'glauca'). 
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BUR OAK 
Quercus macrocarpa Michx. 

ORIGIN 

Native to Northcentral United States and Eastern Great Plains south to Texas. See map for distribution in 
the U.S. 

SPECIES CHARACTERISTICS 

Spreading, medium-sized, deciduous tree. 

Massive bole, often 3 to 4 feet or larger diameter; low, stout branches up to 100 feet tall, 
often less; broad, round, open crown, corky twigs, and thick, ridge and furrowed, 
graybrown bark. Leaves with five to nine-rounded lobes, deeply incised in the middle, 
almost in two; obovate oblong and brighter green above. Staminate flowers small, in 
cluste red, pendent ca tki ns; pist ilia te solitary to few in leaf ax i Is. Fruit an acorn up to 2 inc hes 
long, 1/2 to entIrely enclosed in a distinctive fringed ("m?ssy") cup (1). 

Trees often stu mp sprouting; roots deep and extensive; those of seedling with a deep tap root. Plants flower 
April to June from south to north, shortly after leaves appear; acorns ripen August to November. Provides 
valuable food and cover tor wildlife and watershed protection, as well as valued wood and landscape 
aesthetics (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species tolerant of broad spectrum of soil physical and chemical properties: thrives on moist flats ano 
hummocky first and second bottoms along the Ohio River; occurs on shallow uplands in coarse soils 
derived from limestone and other sedimentaries; often on bluffs and at edge of dry prairies in northern and 
western edges of its range. Common on medium to somewhat coarse-textured soils. but occasionally on 
clays. Adapted to acid (lower pH limit is4.0) to moderately basic and mostly nonsaline soils. Grows in the 
over 15 inches to 40 inches MAP zones and th rives in the30 t040 inches zones. Height and volume related to 
both MAP and site, as well as genotype. Rather drought-tolerant, particularly northwestern strains and 
seedlings. Intolerant of permanent flooding; seedlings often killed by growing season floods. Local 
plant/seed sources generally cold-hardy but sometimes frosted by out-of-season late freezes. Seek 
sources within 100 miles of planting site and as similar in site characteristics as possible. Bur oak very 
tolerant of city smoke, more so than most tree species. Large trees are relatively fire-resistant and the 
species also is relatively insect and disease-resistant. Intense livestock grazing that compacts soils rarely 
interacts with drought, causing some mortality. Moderately intolerant of shade and often succeeded by 
tolerant hardwoods. Vigorous root development of seedlings makes it competitive with prairie grasses, 
accounting for its often behaving as a pioneer in prairie margins (1,2,3,4). 

CULTURE 

Planting Depth, Rate. and Time 

Plant acorns 1/2 to 1 inch deep. Spot seed, usi ng 2 t03 acorns per spot and as many spots as the des ired tree 
density: e.g., 900 to 1,000 per acre (6 foot by 6 foot by 7 foot spacing) is recommended Acorns are planted 
in the fall in the Western Interior Coal Province. Nursery grown 1-0 and 2-0 stock is planted In the northern 
and drier sections or on difficult sites to revegetate. Nursery stock is grown by dril!ing or broadcasting and 
covering acorns 1/4 to 1 inch deep at a rate sufficient to produce 10 to 35 seedlings per square foot. Fall 
sown beds are mulched until spring germination starts. Nursery stock is set out In late winter or early 
spring, terminating by April15 in southern and central regions and by May 15 in northern regions (3,5). 

Seed Cleaning and Quality 

Collect ripe acorns from ground before they start germinating or Shake them from branches onto canvas or 
plastic sheets. Separate sound acorns from cups and debris by r,and or floatation. Seed quality not 
standardized: pUrity dependent on cleaning effectiveness, up to 100 percent but otten less; average 
germination 45 percent; and seeds average 75 per pound (5). 
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Germination and Seedling Characteristics 

About half of the viable seed germinate in 28 days in the lab and remainder by 40 or 45 days. 
Germination in hypogea! and the cotyledons remain in the seedbed Although not dormant, acorns are 
pretreated by cold-moist stratification for 1 to 2 months prior to use and germination tests are run with 
acorns in sand at alternating 68°/86°F temperatures (5). 

MANAGEMENT 

Species seeded and also planted in the Western Interior Coal Province (Missouri, Kansas, Oklahoma); one 
data set shows 24 percent survival and 28 foot height at 30 years from direct seeding vs. 39 percent survival 
and 29 foot height from planting. Also used elsewhere in the coal regions, particularly in the Northcentral 
and Northern Great Plains regions, as well as in the Western Interior Coal Province, for minesoil Or mine 
spoil reclamation, wildlife food, forest prod ucts and landscaping, sometimes including city street plantings 
(e.g., in Minneapolis). Plan and prepare planting/seeding sites carefully, including restoring topsoil and 
grading. Applying necessary fertilizers and soil amendments; removing plant competition; excluding 
livestock; controlling small mammals (rodents/rabbits/etc.); carefully selecting and handling planting and 
seeding stock, seeding and planting operations or monitoring contracts, including planting patterns and 
methods; and recruitment and thinning to optimize survival, site stability, production, and products and 
benefits are essential considerations (4). 

ASSOCIATED SPECIES 

Bur oak grows in mixtures with quaking aspen (Popu/us tremu/oides); black ash (Fraxinus nigra); red 
maple (Aeer rub rum); shellbark and bitternut hickories (Carya /aeiniata and C. eordiformis); American elm 
(Ulmus americana); white ash (Fraxinus americana); hackberries (Celtis spp.); lindens (Tilia spp.); eastern 
cottonwood (Populus deltoides); and northern red, northern pin, white, and swamp white oaks (Quercus 
borealis, Q. ellipseidalis, Q. alba, and Q. bicolor); and a great variety of undercover shrub and herb species. 
Reportedly grows well in mixtures with black locust (Robinia pseudoaeacia) and many other species (2). 

PESTS AND DISEASES 

Relatively resistant to insects and diseases June beetles, variable oak leaf caterpillar, and bur oak kermes 
attack foliage and twigs. Cotton root rot, canker, dieback, and Armillaria root rots occasionally debilitating 
diseases. Acorns consumed by squirrels, deer, wood duck, and rodents (2). 

IMPROVED VARIETIES 

None. Look for superior stock. Botanical var. olivaeformis, a northern form with acorns about half the size 
of the species', often germinates in spring in contrast to usual fall germination of prevailing nondormant 
southern sources. Leaves also are smaller and less deeply lobed. Occurs on drier sites. It has been 
suggested that this northwestern form has resulted from past hybridization with Q. gambelii and should be 
a new taxon, Q. mandanensis. 

REFERENCES 

(1) Preston, R. J., Jr. 1976. North American trees. 3rd Ed. Iowa State Univ. Press, Ames. 399 pp. 

(2) Fowells, H. A. 1965. Silvics of North American trees. U.S. Dept Agr., For. Serv., Agr. Handb. 271. 762 pp. 

(3)	 Vogel, W. G. 1981. A guide for revegelating coal minesoils in the Eastern United States. U.S. Dept. Agr., 
For. Serv. Gen. Tech. Rep. NE-£8. 190 pp. 

(4)	 Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. SCS-TP-157; 
EPA-600-7-79-134. 88 pp. 

(5)	 Olson, D. F., Jr. 1974. Quercus. Oal<. Pages 692-703 ill C. S. Schopmeyer, Tech. Coord. Seeds of woody 
plants of the United States. U.S Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 
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BLACK WILLOW 
Salix nigra Marsh 

ORIGIN 

Native of the Eastern United States See map for distribution in the U.S. 

SPECI ES CHARACTERISTICS 

Small to large, short-lived, deciduous tree. 

Willow as tall as 100 feet, with 3 foot trunks, often divided, broad open crowns, stout 
branches, and gray-black deeply furrowed and thickly-ridged bark. Leave simple, lance
0late,3 to 6 inches long, fi nely serrate with lustrous upper and paler lowe r surfaces. Flowers 
inconspicuous in aments, the staminate somewhat leafy, and pistillate bearing hairy-tufted, 
minute seed (1). 

Roots shallow and extensive. Young plants readily sprout and easily propagated by stem cuttings. Plants 
flower Feb ruary to April in South and as late as May to June in northe rn areas; flowers appear before the 
leaves. Seeds ripen and fall April to July. Palatability fair for livestock and deer when foliage within reach, 
particularly in heavily stock woodlots. Plants provide wildlife and watershed cover, aesthetic screening, 
and wood products on better wetland sites (1,2). 

ECOLOGICAL RELATIONSHIPS 

Species tolerant of any soil texture if constantly provided with enough moisture, typically that found in 
wetlands. Tolerant of flooding and high water tables. Thrives in over 50 inches MAP zones or where the 
equ ivalent found along stream and lake edges in the over 30 inches MAP zones. Not drought-tolerant and 
whole stands die out when water tables lower and habitats dry up. Commonly found in moderately acidic 
(lower pH limit is 4.5) to near-neutral soils/sediments. Weak wood structure and roots shallow, resulting in 
much breakage and windthrow on looser and wetter sites with age. Seed crops sometimes nil after late 
spring frosts, suggesting likelihood of poorer adaptation by importing stock beyond its natural range. 
Shade-intolerant when mixed with tolerant hardwoods. Pure stands often stagnate unless thinned 
periodically. Trees somewhat tolerant of grazing and browsing but reproduction and young plants killed or 
malformed. Some fire tolerance due to sprouting habit but fires injure and make wood subject to fungal 
decay (1,2,3,4). 

CULTURE 

Planting Depth, Rate, and Time 

In nurseries, seed are broadcasted on well prepared beds and lightly packed with a roller. Rate is adjusted 
for seed quality to give the desired seed ling density. Seed must be planted immed iately after collection due 
to lack of dormancy and very rapid loss of viability in storage. Reclamation projects now use some nursery 
grown planting stock for drier and leveler sites with trafficability for equipment. Until recently, and even 
now, much land is planted by using stem cuttings or rootstocks from young established plants, usually 1 to 
3-years old (5). 

Seed Cleaning and Quality 

Collect willow seed by picking capsules from trees as quickly as they ripen - when capsule color turns 
yellowish. Some seed can be collected along banks of streams. Normally seed need not beseparated from 
opened capsules. Seed lose viability rapidly, usually after 10 days at room temperature; only refrigerated 
storage of moistened seed is advisable for as long as 1 month. Com mercial seed is not usually available No 
seed quality data are on record (5). 

Germination and Seedling Characteristics 

International Seed Testing Association prescribes alternating 68 0 /86 0 F temperatures for germination 
testing: 7 days for germinative energy and 14 days for germinative activity. Germination is epigeal. 
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Germination and growth are rapid and seedlings 4 feet tall at the end of first year growth and 50 feet atend 
of 10 years occur in favorable sites. particularly along the lower stretches of the Missouri River (5). 

MANAGEMENT 

Species meets need for matenal to use in very unique but potentially erosive habitats of stream and lake 
edges and periodically flooded lands. Considerable ingenuity required to apply principles of good artificial 
planting and mangement: total land use planning; site preparation; grading and topsoil replacement; 
applying necessary fertilizers and soil amendments; removal and control of plant competition; selection 
and procurement of adapted planting/seeded stocks: care and timing in seeding/planting, including 
monitoring contracts; obtaining plant recruitments and early thinning; and adoption of conservative 
management and utilization practices (3.4). 

ASSOCIATED SPECIES 

Associates of black willow include eastern cottonwood (Populus deltoides deltoldes), black spruce (Picea 
manana), river birch (Betula nigra), American sycamore (Platanus occldentalls). pond baldcypress 
(Taxodium ascendens). common baldcypress (Taxodium distichum). water tupelo (Nyssa aquatica), red 
maple (Acer rubrum) , red mulberry (Morus rubra). boxelder maple (Acer negundo), and other lesser 
vegetal species. Black willow is usually planted alone; in variable site situations, it may be planted with 
some of the above species in a pattern that harmoniously fits site adaptations with use objectives (2). 

PESTS AND DISEASES 

Sapsuckers degrade lumber by feeding on inner bark. Cottonwood leaf beetle and willow sawfly defoliate. 
Top and branch rots result in cull wood. Leaf rust, fungus scab, and black canker affect seedings and cause 
leaf and shoot destruction (2). 

IMPROVED VARIETIES 

None. A hybnd of S. nigra x S. amygdaloides is recognized. 

REFERENCES 

(1) Preston, R. J., Jr. 1976. North American trees. 3rd Ed. Iowa State Unlv. Press, Ames. 399 pp. 

(2) Fowells, H. A. 1965. Silvics of North American trees. U.S. Dept. Agr .. For. Serv., Agr. Handb. 271. 762 pp. 

(3)	 Vogel. W. G. 19B1. A gUide for revegetatmg coal mmesOils In the Eastern United States. U.S. Dept. Agr., 
For. Servo Gen. Tech. Rep. NE-6B. 190 pp. 

(4) McKnight S. J. 1957. Black willow-hints tor management. Forest and People. Third Quarter. Pp. 130-131; 150. 

(5)	 Brinkman, K. A. 1974. Salix. Willow. Pages 746-750 ill C. S. Schopmeyer, Tech. Coord. Seeds of woody 
plants of the United States. U.S. Dept. Agr.. For. Serv.. Agr. Handb. 450. BB3 pp. 
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Figure 98. Black willow (Salix nigra). Branch x 1/2; pistillate catkin x 1 2/3; capsule fruit x 13. 

330 
d 



SELECTED BIBLIOGRAPHY
 

Atanasiev. M. 1943. Propagation of trees and shrubs by seed. Okla. Agr. Exp. Sta. Circ C-106. 43 pp. 

Ahlgren, H. L. 1945. United States of America, North-Central Region. Pages 139-161 ill The establishment 
and early management of sown pastures. lmperiod Bur. of Pastures and Forage Crops. Bull. 34. 
Aberstwyth, Great Britain. 210 pp. 

Aldon, E. F. 1969. Alkali sacaton seedling survival and early growth under temperature and moisture 
stress. U.S. Dept. Agr .. For. Servo Res. Note RM-136. 4 pp. 

Aldon, E. F. 1978. Reclamation of coal-mined land in the Southwest. J. Soil and Water Conserv. 33:75-79. 

Alexander, R. R., K. Jorgensen, and A. P. Plummer. 1974. Cowania mexicana var. stansburiana. Cliffrose. 
Pages 353-355 in C. S. Schopmeyer, Tech Coord. Seeds of woody plants in the United States. US. 
Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 

Allen, G. S., and J. N. Owens. 1972. The life history of douglas fir. Information Canada F042-4972. Ottawa. 
139 pp. 

Allred, B. W., and W. M. Nixon. 1955. Grass for conservation in the Southern Great Plains. U.S. Dept. 
Agr. Farm. Bull. 2093. 30 pp. 

Anderson, D., L. P. Hamilton, H. G. Reynolds, and R. R. Humphrey. 1953. Reseeding desert grassland 
ranges in southern Arizona. Ariz. Agr. Exp. Sta. Bull. 249. 32 pp. 

Anonymous. 1965 Balsamroot. Oregon State Univ. Ext. Serv. Range Plant Leaflet 36. Corvallis. 2 pp. 

Anonymous. 1965. Giant wild rye. Oregon Ext. Servo Range Plant Leaflet 28. 2 pp. 

Anonymous. 1965. Tall fescue-a pasture grass for poorly drained and saline soils. U.S. Dept. Agr., Soil 
Conserv Servo Leaflet M-2430-198. Portland, OR. 3 pp. 

Anonymous. 1966. Basin wildrye for standing winter hay and wildlife cover. U.S. Dept. Agr" Soil 
Conserv. Servo Leaflet M-2430-203. Portland, OR. 2 pp. 

Anonymous. 1966. Cicar-a bloat free nontoxic, frost tolerant legume. U.S. Dept. Agr., Soil Conserv. 
Serv. Leaflet M-2430-204. Portland, OR. 2 pp. 

Anonymous. 1966. Joreed canarygrass for wet meadows and floodplains. U.S. Dept. Agr., Soil Conserv 
Serv. Leaflet M-2430-208. Portland, OR. 2 pp. 

Anonymous. 1970. Management and uses of Sandberg bluegrass. U.S. Dept. Agr., Soil Conserv. 
Serv. unnumbered leaflet. Boise, ID. 2 pp 

Anonymous. 1972. Management and use of alkali sacaton U.S. Dept. Agr., Soil Conserv. Servo Leaflet. 
ID 7-N-20000-19. Boise, 10.3 pp. 

Anonymous. 1972. Management and uses of Indian ricegrass. U.S. Dept. Agr., Soil Conserv. Serv. 
Leaflet ID. 7-N-2000-66. Boise, ID. 3 pp. 

Anonymous. 1972. Management and uses of "Iutana" milkvetch. U.S. Dept. Agr., Soil Conserv. Serv. 
Leaflet ID 7-N-20000-26. Portland, OR. 3 pp. 

Anonyrnous. 1972. Management and uses of sainfoin. U.S Dept. Agr., Soil Conserv. Servo Leaflet ID 
7-N-20000-30. Portland, OR. 3 pp. 

Anonymous. 1972. Management and uses of tall native bluegrass. US. Dept. Agr., Soil Conserv. Servo 
Leaflet ID 7-L-2000-65. Portland, OR. 2 pp. 

Anonymous. Undated. Big bluegrass. Range Plant Leaflet 71. Oregon State Univ. Ext. Serv., Corvallis, OR. 
2 pp. 

Archer, S. G., and C. E. Bunch. 1953. The American grass book. Univ. Oklahoma Press, Norman. OK. 
330 pp. 

Arnold, J. F., D. A. Jameson, and E. H. Reid. 1964. The pinyon-juniper type of Arizona: effects of 
grazing, fire, and tree control. US. Dept. Agr. Prod. Res. Rep. 84, 28 pp. 

331 



Arnow, L. A 1982. Poa secunda Presl vs. Poa sandbergii Vasey. Syst. Botany 6:412:421.
 

Atkins, M. D., and J. E. Smith. 1967. Grass seed production and harvest in the Great Plains. U.S. Dept.
 
Agr. Farm. Bull. 2226.30 pp. 

Bailey, L. H. 1947. The standard cyclopedia of horticulture. Vols. 1-3. The MacMillan Co., Inc., NY.3639 pp. 

Bailey, V. L., and E. H. Bailey. 1949. Woody plants of the Western National Parks. The American Midland 
Naturalist. The Univ. Press., Nortre Dame. IN Monograph 4.274 pp. 

Barnes, D. K, E. 1. Bingham, R. P Murphy. O. J. Hunt, D. F. Beard, W. H. Skrdla, and L. R. Teuber. 1977. 
Alfalfa germ plasm in the United States. U.S. Dept. Agr. Tech Bull. 1571.21 pp. 

Basile, J. V. 1967. An annotated bibliography of bitterbrush (Purshia tridentata (Pursh) DC.). U.S. Dept. 
Agr., For. Servo Res. Paper INT-44. Ogden, UT. 26 pp. 

Bates, C. G. 1930. The production, extraction, and germination of lodgepole pine seed. U.S Dept. Agr. 
Tech. Bull. 191.91 pp. 

Beetle, A. A. 1960. A study of sagebrush. Wyoming Agr. Exp. Sta. Bull 368.83 pp. 

Beetle, A A 1970. Recommended plant names. Wyoming Agr. Exp. Sta. Res. J. 31.124 pp. 

Beetle, A A. 1977. The wheatgrasses of Wyoming. Wyoming Agr. Exp Sta. Res. J. 39 R. Pp. 108-113. 

Bement, R. E. 1969 A stocking-rate guide for beef p'roduction on blue-grama range. J. Range Manage. 
22:83-86. 

Bengston. G. W.. D. A. Mays. and J. C. Allen. 1973. Revegetation of coal spoil in Northeastern Alabama: 
effects of timing of seeding and fertilization on establishment of pine grass mixtures. Pages93-99 in 
Research and applied technology symposium on mined-land reclamation. National Coal Assn., 
Monroeville, PA. 150 pp. 

Bennett, H. W. 1973. Johnsongrass, dallisgrass, and other grasses for the humid South. Pages 333-343 in 
M. E. Heath, D. S. Metcalfe, and R. F. Barnes Forages. Iowa State Univ. Press. Ames,lA (3rd edition). 
755 pp. 

Benson, L., and R. A. Darrow. 1980. The trees and shrubs of the southwestern deserts. 3rd Ed. Univ. of 
Ariz. Press, Tucson. 416 pp. 

Berg,	 W. A, and E. M. Barrau. 1978. Management approaches to nitrogen deficiency in revegetation of 
subalpine disturbances. Pages 174-181 i!:!. S. T. Kenny, ed. Proceedings: High altitude revegetation 
workshop. NO.3. Colorado State Univ., Colo. Water Resources Res Inst. Inform. Series 28.213 pp. 

Bernstein, L. 1964. Salt tolerance of plants. U.S. Dept. Agr. Bull. 283. Pp. 10-12. 

Blaisdell, J. P 1949. Competition between sagebrush seedlings and grass. Ecology 30:512-519 

Blaisdell, J. P. 1953. Ecological effects of the planned burning of sagebrush-grass range on the upper 
Snake River Plains. U.S Dept. Agr. Tech. Bull. 1077. 39 pp. 

Blauer, A. C., A. P. Plummer, E. D. McArthur, R. Stevens, and B. C. Giunta. 1975a. Characteristics and 
hybridization of important intermountain shrubs. I. Rose family. U.S. Dept. Agr., For. Servo Res. 
Paper INT-169.36 pp. 

Blauer, A. C .. A. P Plummer, E D. McArthur, R. Stevens, and B. C. Giunta. 1975b Characteristics and 
hybridization of important intermountain shrubs. II. Chenopod Family. U.S. Dept. Agr., For. Serv. 
Res. Paper INT-177.42 pp. 

Bonner, F. 1. 1974. Fraxinus. Ash. Pages 411-416 in C. S. Schopmeyer, Tech. Coord. Seeds of woody 
plants in the United States. U.S. Dept. Agr., For. Serv. Agr. Handb 450.883 pp 

Bonner,	 F. T., and E. R. Ferguson. 1974. Macclura pomifera. Osage-orange. Pages 525-527 ill C. S. 
Schopmeyer, Tech. Coord. Seeds of woody plants in the United States. U.S. Dept. Agr.. For Serv 
Agr. Handb. 450. 883 pp. 

332 



Bonner, F. T., and L. C. Maisenhelder. 1974. Carya. Hickory. Pages 269-272 iD C. S Schopmeyer, Tech. 
Coord. Seeds of woody plants in the United States U.S. Dept. Agr., For Serv. Agr. ~andb. 450. 
883 pp. 

Booth, T., and G. E. Schuman 1981. Shrub re-establishment research at the High Plains Grassland 
Research Station. Pages 81-88 in L. H. Stel.er, E. D. DePuit, and S A. Mikol. eds. Shrub establishment 
on disturbed arid and semi-arid lands. Wyoming Game and Fish Dept.. Cheyene. 154 pp. 

Bridges, J. O. 1941. Reseeding trials on arid range land. N. 1vI. Agr. Exp. Sta. Bull. 278. 48 pp. 

Bridges, J. O. 1942. Reseeding practices for New Mexico ranges. N. M. Agr. Exp Sta. Bull. 291. 48 pp. 

Brinkman, K. A. 1974. Amelanchier. Serviceberry. Pages 212-215 in C. S. Schopmeyer, Tech Coord. 
Seeds of woody plants in the United States. U.S. Dept. Agr., For. Serv. Agr. Handb. 450.883 pp. 

Brinkman, K. A. 1974. Amorpha. Pages 216-219l.Q C. S Schopmeyer, Tech. Coord. Seeds of woody plants 
in the United States U.S. Dept. Agr., For. Servo Agr. Handb. 450.883 pp. 

Brinkman, K. A. 1974. Juglans. Walnut. Pages 454-459!..!l C. S. Schopmeyer. Tech. Coord. Seeds of woody 
plants in the United States. U.S Dept. Agr., For. Serv., Agr. Handb. 450. 883 pp. 

Brinkman, K. A. 1974. Rhus. Sumac. Pages 715-719 in C. S Schopmeyer, Tech. Coord. Seeds of woody 
plants in the United States. U.S. Dept. Agr., For. Serv.. Agr. Handb. 450. 883 pp. 

Brinkman, K. A. 1974. Salix. Willow. Pages 746-750 in C. S. Schopmeyer, Tech. Coord. Seeds of woody 
plants in the United States. U.S. Dept. Agr., For. Serv., Agr. Handb. 450.883 pp. 

Brown, R. W.. and R. S. Johnson. 1978. Rehabilitation of a high elevation disturbance. Pages 116-130 
ill S. T. Kenny, ed. Proc. High Altitude Revegetation Workshop. NO.3. Colo State Univ. Water 
Resour. Res. Inform. Series 28. Fort Collins. 

Buckner, R. C., and J. R. Cowan. 1973. The fescues. Pages 297-306lD. M. E. Heath, D. S. Metcalfe, and R. F. 
Barnes. eds. Forage. Iowa State Univ. Press, Ames, I A. 755 pp 

Campbell, D. B. 1977. Tall wheatgrass barriers. Soii Conservation 33:8-9. 

Carleton, A. E., R. D. Austin, J. R. Stroh, L. E. Wiesner, and J. G. Scheetz. c. 1972. Cicer milkvetch 
Montana Agr. Exp Sta. Bull. 655. 21 pp. 

Cassady, J. 1., and G. E. Glendening. 1940. Revegetating semldesert range lands in the Southwest. Civ. 
Conserv. Corps Forestry Public 8.22 pp. 

Chessin, M. 1959. Germination studies of seeds of Northern Rocky Mountain plants. Mont. Acad. Sci. 
Proc.19:112-117. 

Clark, D. E. (ed.). 1979. Sunset new western garden book. Lane Pub!. Co, Los Angeles. 512 pp. 

Clarke, J. W., and E. J. DePuit. 1981. Analysis of direct seeding methods for establishment of selected 
native shrub species on minesoils In southeastern Montana Pages 89-103 !D. L. H. Stelter, E. J. 
DePuit, and S. A. Miko!, eds. Shrub establishment on disturbed arid and semi-arid lands. Wyom. 
Game and Fish Dept .. Cheyenne. 154 pp. 

Cook, C. W, I. B Jensen, G. B. Coltharp, and E. M. Larson. 1970. Seeding methods forUtah roadsides. Utah 
Agr. Exp. Sta., Utah Resource Series 52. 23 pp. 

Cook, J. C. 1975. Windbreaks for farm and ranch homes Univ. Wyom. Agr. Ext. Serv. Bull. B-674. 6 pp. 

Cooper, C. S.. and A. E. Carleton, eds.1976. Sainfoln Symposium, Mont. Agr. Exp. Sta. Bul1627109 pp. 

Cooper, H. W. 1957. Some plant materials and improved techniques used in soil and wafer conservation 
in the Great Plains. J. Soil and Water Conserv 12:163-168. 

Cornelius, D. R. 1944. Revegegetation in the tall grass prairie region. J. Amer Soc. Agron. 36:393-400 

Cornelius. D. R., and M. W. Talbot. 1955 Rangeland improvements through seeding and weed control on 
east slope Sierra Nevada and on southern Cascade Mountains. U.S Dept Agr., Agr. Handb. 88. 
51 pp. 

333 



Costello, D. F., and R. Price. 1939. Weather and plant development data as determinants of grazing periods 
on mountain range. U.S. Dept. Agr. Tech. Bull. 686. 30 pp. 

Cowan, J. R. 1956. Tall fescue. Advan. Agron. 8:283-319 

Cox, M. P., and R. S. Cole. 1960. The South Dakota method of specifying mixtures for range seeding. 
J. Range Manage. 13:294-296. 

Crider, F. J. 1945. Three introduced lovegrasses for soil conservation. U.S. Dept. Agr. Circ. 730. 90 pp. 

Cronquist, A., A. H·. Holmgren, N. H. Holmgren, J. L. Reveal, and P K. Holmgren. 1977. The intermountain 
flora. Vol. 6. The Monocotyledons. Columbia Univ. Press, NY. 584 pp. 

Currie, P. O. 1967. Seeding Sherman big bluegrass. J. Range Manage. 20:133-136. 

Currie, P. O. 1969. Use seeded ranges in your management. J. Range Manage. 22:432-434. 

Dahl,	 B. E., A. C. Everson, J. J. Norris, and A. H. Denham. 1967. Grass-alfalfa mixtures for grazing in 
eastern Colorado. Colo. Agr. Exp. Sta. Bull. 529.25 pp. 

Dalrymple, R. L., ed. c. 1977. Proceedings of a forage legume conference. Noble Foundation, Ardmore, OK. 
34 pp. 

Daubenmire, R. 1975. Ecology of Artemisia tridentata subsp tridentata in the state of Washington. 
Northwest Sci. 49:24-35. 

Davis, A. M. 1979. Forage quality of prostrate kochia compared with three browse species. Agron. J. 
71 :822-824. 

Dayton, W. A. 1931. Important western browse plants. U.S. Dept. Agr. Misc. Pub!. 101.213 pp. 

Decker, A. M., G. A. Jung, J. B. Washko, D. D. Wolf, and M. J. Wright. 1967. Management and productivity 
of perennial grasses in the Northeast. I. Reed canarygrass. W. V. Agr. Exp. Sta. Tech. Bull. 550T. 
43 pp. 

Deitschman, G. H. 1974. Artemisia. Sagebrush. Pages 235-237 ~ C S Schopmeyer, Tech. Coord. Seeds 
of woody plants in the United States. U.S. Dept. Agr., For. Servo Agr. Handb. 450. 883 pp. 

Deitschman, G. H., K. R. Jorgensen, and A. P. Plummer. 1974. Fallugia paradoxa. Apache-plume. Pages 
406-408l.Q C. S. Schopmeyer, Tech. Coord. Seeds of woody plants in the United States. U.S. Dept. 
Agr., For. Servo Agr. Handb. 450. 883 pp. 

Derscheid, L. A., R. A. Cline, and E. E. Sanderson 1973. Planting tame pastures and haylands. S. D. 
State Univ. Ext. Serv. Fact Sheet 503. 6 pp. 

Derscheid, L. A., J. G. Ross, C R. Krueger, and C M. Schumacher 1973. Cool-season grasses for May and 
June. S. D. Agr. Exp. Sta. Fact Sheet 547.6 pp. 

Derscheid, L. A., J G. Ross, C R. Krueger, and C. M. Schumacher. 1977. Warm-season grasses for 
July and August. S. D. Ext. Serv., Fact Sheet 548 (Revised). 8 pp. 

Derscheid, L. A, J. G. Ross, C. R. Krueger, and C. M. Schumacher. 1979. Cool-season grasses for early 
spring and fall. S. D. Ext. Serv., Fact Sheet 546. 6 pp. 

Dickerson, G. W. 1978. Control of black grass bug (Labops hesperius Uhle) in northern New Mexico. J. 
Range Manage. 31 (5):398-399. 

Dietz, D. R. 1972. Nutritive value of shrubs. Pages 289-302 in C. M. McKell, J. P. Blaisdell, and J. R. 
Goodin, eds. Wildland shrubs-their biology and utilization. U.S. Dept. Agr., For. Servo Gen. Tech 
Rep. INT-1. Ogden, UT. 494 pp. 

Dietz, D. R., and P. E. Slabaugh. 1974. Caragana arborescens. Siberian peashrub. Pages 262-264 l.!l 
C. S. Schopmeyer, Tech. Coord. Seeds of woody plants in the United States. U.S. Dept. Agr, 
For. Serv. Agr. Handb. 450. 883 pp. 

Dietz,	 D. R., D. W. Uresk. H. E. Messner, and L. C. McEwen. 1980. Establishment, survival, and growth of 
selected browse species in a ponderosa pine forest. US. Dept. Agr., For. Serv. Res. Paper RM-219. 
11 pp. 

334	 



Dittberner, P. L .. and G. Bryant 1978. The use of the plant information network in high altitude revegetation. 
Pages 82-94 ill S. T. Kenny, ed. Proc. High Altitude Revegetation Workshop. NO.3. Colo. State 
Unlv. Water Resour. Res. Inform. Series 28. Fort Collins 

Ditterline, R. LoO and C. S. Cooper. 1975. Fifteen years with sainfoin. Mont. Agr. Exp. Sta. Bull. 681.21 pp. 

Ditteriine, R. L., C. S Cooper, L. E. Weisner, J. R. Simis. and V. R. Stewart. 1976. Growing alfalfa in 
Montana. Montana Agr. Exp. Sta. Bull. 684. 29 pp. 

Dobson. J., and E R. Beaty. 1977. Forage yields of five perennial grasses with and without white clover at 
four nitrogen rates. J, Range Manage. 30:461-463. 

Douglas, D. S., and R. D. Ensign. 1954. Sodar wheatgrass. Idaho Agr. Exp. Sta. Bull. 234. 4 pp. 

Dubbs, A. L. 1970. Comparison of intermediate, pubescent. tall, Siberian, streambank, and beardless 
wheatgrass in Montana Mont Agr. Exp. Sta. Bull. 637.19 pp. 

Dubbs. A. L. 1975. Performance of grasses, legumes, and mixtures on dryland in central Montana. 
Mont. Agr. Exp. Sta. Bull 683.17 pp. 

Dubbs, A. L., R. T. Haroda, and J. R. Stroh. 1974. Evaluation of thickspike wheatgrass for dryland 
pasture and range. Montana Agr. Exp. Sta. Bull. 677.19 pp. 

Eddleman, L. E.1977. Indigenous plants of southeastern Montana. I. Viability and suitability for reclamation 
in the Fort Union Basin. Mont For. Conserv. Exp. Sta., Univ. of Mont., Missoula. 122 pp. 

Eddleman. L. E. 1978. Survey of viability of indigenous grasses, forbs and shrubs: techniques for initial 
acquisition and treatment for propagation in preparation for future land reclamation in the Fort 
Union Basin, Annual Prog. Rep., Univ. of Mont., Missoula. 183 pp 

Engstrom, H. E., and J. H. Stoeckeler. 1941. Nursery practice suitable for planting on the prairie-plains. 
U.S, Dept Agr., Misc. Publ. 434.159 pp. 

Evans, K. E. 1974. Symphorlcarpos. Snowberry. Pages 787-790 in C S, Schopmeyer, Tech. Coord. 
Seeds of woody plants in the United States. U,S. Dept Agr., For. Servo Agr. Handb. 450. 883 pp. 

Everett, R. L., R. O. Meeuwig, and J. H. Robertson. 1978. Propagation of Nevada shrubs by stem cuttings. 
J. Range Manage. 31 :426-429. 

Everett, T. H., ed. 1960. New ill ustrated encyclopedia of garden ing. Greystone Press, NY. Pages 1111-1112. 

Everson A. C 1967. Grass variety grazing trials Colorado Agr. Exp. Sta. Prog. Rep. 233. 2 pp. 

Everson, A, C. i966. Control blowouts for forage production. J. Range Manage. 19:147-148. 

Fergus. E., and R. C Buckner. 1973. The bluegrasses and redtop. Page252 in M, E. Heath, D. S. Metcalfe, 
and R. S. Barnes, eds. Forages. The Iowa State Uni\'. Press, Ames. IA. 755 pp. 

Flory, E. L., and C G. Marshall. 1942 Regrassing for soil protection in the Southwest. US. Dept 
Agr. Farm. Bull. 1913.60 pp. 

Foiies, M. W. 1974. Atriplex. Saltbush. Pages 240-243 in C. S. Schopmeyer, Tech. Coord. Seeds of 
WOGdy plants in the United States. U.S. Dept. Agr., For. Servo Agr, Handb. 450. 883 pp. 

Fowells. H A. 1965. Silvics of forest trees of the United States. U.S Dept. Agr., For. Servo Handb. 271. 
762 pp. 

Francois. L. E. 1976. Salt tolerance of prostrate summer cypress Agron. J. 68:455-456. 

~ranzke. C. J. 1945. Ree wheatgrass. S D. Agr. Ext. Servo Circ. 58.8 pp. 

Frischknecht, I\J. CoO and L. E. Harris. 1968. Grazing intensities and systems of crested wheatgrass: 
responses of vegetation and cattle. U.S. Dept. Agr, Tech. Bull. 1388.47 pp. 

Fryrear. D. W, J. Stubbendieck, and W. G McCully. 1973. Grass seedling response to wind and windblown 
sand. Crop Sci. 12:622-625. 

335 



Furniss. M. M., and R. R. Krebil!. 1972. Insects and diseases of shrubs on western big game ranges. 
Pages 218-226 l.Q. C. M. McKell, J. P. Blaisdell, and J. R. Goodin, eds. Wildland shrubs - Their 
biology and utilization. U.S. Dept. Agr., For. Sew Gen Tech. Rep. INT-1. 494 pp. 

Gay, C. W, and D. D. Dwyer. 1965. New Mexico range plants N. M. State Univ. Ext. Servo Circ. 374.71 pp. 

Gill, J. D., and F. L. Pogge. 1974. Rosa. Rose. Pages 732-737 ill C. S. Schopmeyer, Tech. Coord. 
Seeds of woody plants in the United States. U.S. Dept. Agr., For. Sew Agr. Handb. 450. 883 pp. 

Giunta, B. C., R. Stevens, K. R. Jorgensen, and A. P. Plummer. 1978. Antelope bitterbrush-an important 
wildland shrUb. Utah Div. of Wildlife Resources Pub!. 78-12.48 pp. 

Gleason, H. A., and A. Cronquist. 1963. Manual of vascular plants of Northeastern United States and 
adjacent Canada. D. Van Nostrand Co., Princeton, NJ. 810 pp. 

Glenn-Levin, D. C., and R. O. Landers, Jr., eds. 1978. Proceedings of Fifth Midwest Prairie Conference. 
Iowa State Univ. Conferences, Ames. 230 pp. 

Goor, A Y., and C. W. Barney. 1968. Forest tree planting in arid zones. The Ronald Press Co., NY. 409 pp. 

Gomm, F. B. 1974. Forage species for the Northern Intermountain Region. A summary of seeding trials. 
U.S. Dept. Agr. Tech. Bull. 1479.307 pp. 

Gorz, H. J., and W. K. Smith. 1973. Sweetclover PagE!s 159-166 in M. E. Heath, D. S. Metcalfe, and R. F. 
Barnes, eds. Forages (Third Ed.). Iowa State Univ. Press, Ames, IA. 755 pp. 

Gould, F. W. 1975. The grasses of Texas Texas A&M Univ. Press, College Station, TX. 653 pp. 

Gould, F. W., and T. W Box. 1965. Grasses of the Texas Coastal Bend. Texas A&M Univ. Press, 
College Station, TX. 189 pp. 

Graham, E. H. 1941. Legumes for erosion control and wildlife. U.S. Dept. Agr. Misc. Pub!. 412. 153 pp 

Grau, F. V.. and M. H. Ferguson. 1948. Pointers on making good lawns. Pages 302-307 tIl A. Stefferud, 
ed. Grass. 1948 Yearbook of Agriculture. U.S. Dept. Agr., U.S Govt. Printing Office, Washington, 
DC. 892 pp. 

Grisez, T. J. 1974. Prunus. Pages 658-673 in C. S. Schopmeyer, Tech. Coord. Seed of woody plants in the 
United States. U.S. Dept. Agr., For. Serv. Agr. Handb. 450. 883 pp. 

Griswold, S M. 1936. Effect of alternate moistening and drying on germination of seeds of western plants. 
Bot. Gaz. 98:243-269. 

Hafenrichter, A. L, L. A Mullen, and R. A. Brown. 1949. Grasses and legumes for soil conservation in 
the Pacific Northwest. U.S. Dept. Agr. Misc. Publ. 678. 56 pp. 

Hafenrichter, A. L., J. L. Schwendiman, H. L. Harris, R. L. MacLauchlan, and H. W Miller. 1968. 
Grasses and iegumes for soil conservation in the Pacific Northwest and Great Basin States. 
U.S. Dept. Agr., Agr. Handb. 339. 69 pp. 

Hall, H. M., and F. E. Clements. 1923. The phylogenetic method in taxonomy. Carnegie Inst., Washington 
Pub!. 326. 156 pp. 

Hanson, A A. 1972. Grass varieties in the United States. U.S Dept. Agr., Agr. Handb. 170. 124 pp. 

Hanson, C H., and D. K. Barnes. 1973. Alfalfa. Pages 136-147 .in. M. E. Heath, D. S. Metcalfe, and R. F. 
Barnes, eds. Forages. Iowa State Univ. Press, Ames, IA. 755 pp. 

Hanson, H. C, L. D. Love, and M. S. Morris. 1931. Effects of different systems of grazing by cattle upon 
a wheatgrass type of range. Colo. Agr. Exp. Sta. Bull. 377.82 pp. 

Harlan, J. R. 1952. Caucasian bluestem Oklahoma Agr. Exp. Sta. Forage Crop Leaflet 7. 2 pp. 

Harlan, J. R, and H. R. Chheda. 1963. StUdies on the origin of Caucasian bluestem, Bothriochloa 
caucasica (Trin.) C. E. Hubbard. Crop SCI 3:37-39. 



Harlow, W. M., and E. S. Harrar. 1941. Textbook of dendrology. 2nd ed. 1941. McGraw-Hili Book Co., 
Inc., NY. 542 pp. 

Harrington, H. D. 1964. Manual of the plants of Colorado. 2nd Ed. Swallow Press, Inc., Chicago, IL. 666 pp. 

Hassell, W. G. 1982. Shrubs and forbs for revegetation. U.S. Dept. Agr., Soil Conserv. Serv., manuscript. 
Denver, CO. 9 pp. 

Heady, H. F. 1975. Rangeland management. McGraw-Hili Book Co., NY. 460 pp. 

Heit, C. E. 1968. Thirty-five years' testing of tree and shrub seed. J. For. 66:632-634. 

Heit, C. E. 1970. Germinative characteristics and optimum testing methods for twelve western shrub 
species. Assn. Off. Seed Anal. 60:197-205. 

Henderson, W. J. 1960. Turfgrass diseases. Colorado State Univ. Ext. Servo Circ. 207 A. 14 pp. 

Herbel, C. H., G. H. Abernathy, C. Y. Yarbrough, and D. K. Gardner. 1973. Root plowing and seeding arid 
rangelands in the Southwest. J. Range Manage. 26:193-197 

Hermann, F. J. 1966. Notes on western range forbs. U.S. Dept. Agr., Agr. Handb. 293. 365 pp. 

Hewitt, G. B., E. W. HUddleston, R. J. Lavigne, D. N. Ueckert, and J. G. Watts. 1974. Rangeland 
entomoiogy. Soc. for Range Manage., Denver, CO. Range Sci. Ser. 2. Pp. 71-75. 

Hicks, R. R., Jr., and G. K. Stephenson. 1978. Woody plants of the western Gulf region. Kendall! 
Hunt Pub!. Co., Dubuque, IA. 339 pp. 

Hildreth, A. C. 1950. Ornamental hedges for the Central Great Plains. U.S. Dept. Agr. Farm. Bull. 2019. 
25 pp. 

Hitchcock, A. S., and A. Chase. 1950. Manual of the grasses of the United States. U.S. Dept. Agr. Misc. 
Pub1.200.1041 pp. 

Hitchcock, C. L., A. Cronquist, M. Ownbey, and F. R. Thompson. 1955-1969. Floro. of the Pacific 
Northwest. Parts 1-5. Univ. of Wash. Press, Seattle. 2978 pp. 

Hollowell, E. A. 1960. Strawberry clover. U.S. Dept. Agr. Leaflet 176. 8 pp. 

Holmgren, R. C. 1954. A comparison of browse species for revegetation of big-game winter ranges in 
southwestern Idaho. U.S. Dept. Agr., For. Servo Intermountain For. and Range Exp. Sta. Res. 
Paper 33, Ogden, UT. 12 pp. 

Holmgren, R. H., and S. S. Hutchings. 1972. Salt desert shrub response to grazing. Pages 154-164l.!l 
C. M. McKell, J. P. Blaisdell, and J. R. Goodin, eds. Wildland shrubs - their biology and 
utilization. U.S. Dept. Agr., For. Serv. Gen. Tech. Rep. INT-1. 494 pp. 

Hoover, M. M. 1939 Native and adapted grasses for conservation of soil and moisture in the Great Plains 
States and Western States. U.S. Dept. Agr. Farm. BulL 1812. 43 pp. 

Hoover, M. M., M. A. Hein, W. A. Dayton, and C. O. Erlanson. 1948. The main grasses for farm 
and home. Pages 647-648 in A. Stetferud, ed. Grass. U.S Dept. Agr. Yearbook of Agriculture, 
Washington, D.C. 892 pp. 

Hormay, A. L., and M. W. Talbot. 1961. Rest-rotation grazing - a new management system for perennial 
bunchgrass range. U.S. Dept. Agr. Prod. Research Rep. 51. 43 pp. 

Howard, C. G. nd. (c. 1978?). 'Delar' small burnet (Sanguisorba minor Scop) desCrIption, adaptation, 
use, culture, management. and seed production. U.S Dept. Agr., Soil Conserv Servo Plant Materials 
Center Leaflet (mimeo.), Aberdeer., 10.4 pp 

Howard, G. S., F. Rauzi, and G. E. Schuman. 1979 Woody plant tnals at six mine reclamation sites in 
Wyoming and Colorado. U.S. Dept. Agr., SEA Prod. Rep 177.14 pp. 

Howard,	 G. S., G. E. Schuman, and F. Rauzi. 1977. Growth of plants on Wyoming surface-mined soils 
and flyash. J. Range Manage. 30:306-310. 

337 



Hull, A. C., Jr 1974. Seedling emergence and survival from different seasons and rates of seeding 
mountain rangelands. J. Range Manage. 27:302-304. 

Hull, A. C., Jr., and K. W. Kreitlow. 1971. Grass seedling emergence and survival after treatment with 
fungicides. J. Range Manage. 24:383-385. 

Hull, A. C., Jr., D. F. Hervey, C. W. Doran, and W. M. McGinnies. 1958. Seeding Colorado range lands. 
Colorado Agr. Exp. Sta. Bull. 498. 46 pp. 

Humphrey, R. R. 1958. Arizona range grasses. Ariz. Agr. Exp. Sta Bull. 298. 104 pp. 

Hutchings, S. S, and G. Stewart. 1953 Increasing forage yields and sheep production on intermountain 
winter ranges. U.S. Dept. Agr. Circ. 925. 63 pp. 

Hyder, D. N. 1974. Morphogensis and management of perennial grasses in the United States. Pages 89-98 
l.!1 K. W. Kreitlow and R. H. Hart, Coords. Proceedings of the Workshop of the United States
Australian Rangelands Panel held in Berkeley, CA, March 29-April 5, 1971. U.S. Dept. Agr. Misc. 
PubI. 1271. 232 pp. 

Hyder, D. N., and F. A. Sneva. 1963. Studies of six grasses. Oregon Agr. Exp. Sta. Tech. Bull. 71.20 pp. 

Hyder, D. N., A. C. Everson, and R. E. Bement. 1971. Seedling morphology and seedling faIlures with blue 
grama. J. Range Manage. 24:287-292. 

Johnsen, J. R., and J. T Nichols. 1970. Plants of South Dakota grasslands. South Dakota Agr. Exp. 
Sta. Bull. 566.163 pp. 

Johnsen, T. N., Jr., and R. A. Alexander. 1974. Juniperus. Juniper Pages 460-469 in C. S. Scnopmeyer, 
Tech. Coord Seeds of woody plants in the United States. U.S Dept. Agr., For. Serv. Agr. Handb. 450. 
883 pp. 

Johnson, C. M., and P. L. Sjoblom. n.d. Growing trees and shrubs in Utah. Utah State Univ., Ext. 
Serv. Ext. Circ 370, Logan. 28 pp. 

Johnson, E. W. 1963. Ornamental shrubs for the Southern Great Plains. U.S. Dept. Agr. Farm. Bull. 2025. 
62 pp. 

Johnson, K. L., and E. S. Anderson. 1978 Conservation planting handbook for Wyoming and Colorado. 
Univ. Wyo. Agr. Ext. Serv., Laramie. n.p. 

Kay, B. L., C. M. Ross, and W. L. Graves. 1977. Hop-sage. Mojave Reveg. Notes 6. Agronomy and 
Range Science Dept., Univ. California, Davis. 5 pp. 

Kay, B. L., C. W. Ross, W. L. Graves, and C R. Brown. 1977. Gray ephedra and green ephedra. Mohave 
Reveg. Notes 19, Agronomy and Range Science Dept., Univ, California, Davis 8 pp. 

Kehr, W. R., and W. J. Moline. 1972, Producing alfalfa in Nebraska. Univ. Nebr. Ext. Serv. Circ. EC-72-195. 
18 pp. 

Keller, W., and A. T. Bleak. 1974. Kochia prostrata: a shrub for western ranges? Utah Sci. 35:24-25. 

Kelly, G. W. 1967. Rocky Mountain horticulture Pruett Publ. Co., Boulder, CO. 298 pp. 

Kilcher, M. R., and 1. Lawrence. 1970 Emergence of Altai wild rye and other grasses as influenced by 
depth of seeding and soil type. Canadian J. Plant SCI. 50475-479. 

Kinch, R. C., and L. E. Wiesner 1965. Getting green needlegrass stands. South Dakota Farm and 
Home Sci. 16:14. 

Kinsinger, F, E. 1962. The relationship between depth of planting and maximum foliage height of seedlings 
of Indian ricegrass. J. Range Manage. 15:10-13. 

Knipe, O. D. 1967. Influence of temperature on the germination of some range grasses. J. Range 
Manage. 20:298-299. 

Knipe, D., and C. H. Herbel. 1960. The effects of limited moisture on germination and Initial growth of 
some range grasses. J. Range Manage. 13:297-302. 

338 

-




Krugman, S. L., and J. L. Jenkinson. 1974. Pinus. Pine. Pages 598-638 in C. S. Schopmeyer, Tech. 
Coord Seeds of woody plants in the United States US. Dept. Agr., For. Servo Agr. Handb 450. 
883 pp. 

Lamb,	 S. H. 1971. Woody plants of New Mexico. New Mexico Game and Fish Bull. 14. Santa Fe. 80 pp. 

Lang, R., F. Rauzi, W. Seamands, and G. Howard 1975. Guidelines for seeding range, pasture and 
disturbed lands. Wyom. Agr. Exp. Sta. Bull. 621. 11 pp. 

Larin, I. V (ed.). 1960. Advances in pasture and hay-meadow management. (Translation by the Israel 
Program for Scientific Translations). U.S. Dept. Agr. and Natl. Sci. Found. TT65-50055. Washington, 
DC. 479 pp. 

Larin,	 I. V. 1962. Pasture rotation. (Translation by the Israel Program for Scientific Translations). U.S. 
Dept. Agr. and Natl. Sci. Found. TT61-31194. Washington, DC. 202 pp. 

Launchbaugh, J. L. 1971. Upland seeded pastures compared for grazing steer at Hays, Kansas. Kans. 
Agr. Exp. Sta, Bull. 548. 29 pp. 

Launchbaugh, J. L., and K. L. Anderson. 1963. Grass reseeding investigations at Hays and Manhattan. 
Kansas. Kans. Agr. Exp. Sta. Tech. Bull. 128. 22 pp. 

Launchbaugh, J. L., and C. E. Owensby. 1970. Seeding rate and first-year stand relationships for six 
native grasses. J. Range Manage. 23:414-417 

Launchbaugh, J. L., and C. E. Owensby. 1978. Kansas rangelands. Kans. Agr. Exp. Sta. Bull. 622. 56 pp 

Lavin, F., and H. W. Springfield. 1955. Seeding in the Southwestern Pine Zone for forage improvement 
and soil protection. U.S. Dept. Agr Handb. 89. 52 pp. 

Lawrence, T. 1957. Emergence of intermediate wheatgrass lines from five depths of seeding. Can. J. Plant 
Sci. 37:215-219. 

Leffel .. R. C. 1973. Other legumes. Pages 208-220 in M. E. Heath, D. S. Metcalfe, and R. F. Barnes. 
Forages. Iowa Sta. Univ. Press, Ames, IA. 755 pp. 

Leffel, R. C .. and P. B. Gibson. 1971. White clover. Pages 167-176 ill M. E. Heath, D. S. Metcalfe, and 
R. F. Barnes (eds). Forages. Iowa Sta. Univ. Press, Ames. 755 pp. 

Leithead, H. L., L. L. Yarlett, and T. N. Shiflet. 1971. 100 native forage grasses in 11 Southern States. 
U.S Dept. Agr. Handb. 389. 216 pp. 

Limstrom, G. A. 1960. Forestation of strip-mined land in the Central States. U.S. Dept. Agr., For. Serv 
Agr. Handb. 166.74 pp. 

Longyear, B. O. 1927. Trees and shrubs of the Rocky Mountain Region. G. P. Putnam's Sons, New 
York. 244 pp. 

Longyear, B. O. 1937. Dendrology notes. Angiospermae. Colorado Agr. College, Forestry Dept., Ft. 
Collins. 125 pp. (Mimeo). 

Lorenz, R. J., and G. A. Rogier. 1962. Methods of renovating old stands of crested wheatgrass. 
J. Range Manage. 15:2-,5-219. 

Magill, A. W. 1974. Chi/apsis linearis Desert-willow. Pages 321-322 in C. S. Schopmeyer, Tech. Coord. 
Seeds of woody plants in the United States. U.S. Dept. Agr., For. Servo Agr. Handb. 450. 883 pp. 

Marten, G. C., and M. E. Heath. 1973. Reed canarygrass. Pages 263-275 i.o. M. E. Heath, D. S Metcalfe, 
and R. S. Barnes, eds. Forages. Iowa Sta. Univ. Press. Ames, IA. 755 pp. 

Martin, A. C, H. S. Zim, and A. L. Nelson. 1951. American wildlife plants. Dover Publ., Inc., NY. 500 pp 

Martin, J. H., W. H. Leonard, and D. L. Stamp. 1976. Principles of crop production. (Third Ed.). MacMillan 
Co., Inc., NY. 1118 pp. 

McArthur, E. D., B. C. Giunta, and A. P. Plummer. 1974. Shrubs for restoration of depleted ranges and 
disturbed areas. Utah Sci. 35:28-33. 

339 



McArthur, E. D., A P. Plummer, and J. N. Davis. 1978. Rehabilitation of game range in the salt desert. 
Pages 23-50 i.Q Wyoming shrublands, Proc. 7th Wyoming shrub ecology workshop. Range Manage. 
Div., Univ. Wyoming, Laramie. 154 pp. 

McCarty, E. C, and R. Price. 1942. Growth and carbohydrate content of important mountain range plants 
as affected by clipping and grazing. U.S. Dept. Agr. Tech. Bull. 818. 51 pp. 

McDougal, W. B. 1973. Seed plants of Northern Arizona. The Museum of Northern Arizona. Flagstaff. 
594 pp. 

McGinnies, W. J. 1960. Effect of planting dates. seeding rates, and row spacings on range seeding 
results in western Colorado. J. Range Manage. 13:37-39. 

McGinnies, W. J., D. F. Hervey, J. A. Downs, and A. C. Everson. 1963. A summary of range grass 
seeding trials in Colorado Colo. Agr. Exp. Sta. Tech. Bull. 73. 81 pp. 

Mcilvain, E. H., and M. C. Shoop. 1960a An agronomic evaluation of regrassing cropland in the Southern 
Great Plains. Part I. Rangeland seedings in the Southern Great Plains. U.S. Dept. Agr., U.S. 
Southern Great Plains Field Station, Woodward, OK. 29 pp. 

Mcilvain, E. H., and M. C. Shoop. 1960b. Dryland pastures for the southern Great Plains. U.S. Dept. 
Agr., Agr. Res. Serv., Woodward, OK. 20 pp. 

Mcilvain, E. H., and M. C. Shoop. 1970. Grazing weeping lovegrass. Okla. Sta. Univ. Ext. Fact Sheet 
2558. 4 pp. 

McKay, H. C., and L. C. Windle. 1966. Grass seed harvesting methods. Idaho Agr. Exp. Sta. Bull. 477.7 pp. 

McKenzie, R. E., and D. H. Heinrichs. 1946. Maximum depth of seeding eight cultivated grasses. Sci. 
Ag r. 26:426 -431. 

McKnight, S. J. 1957. Black willow-hints for management. Forest and People. Third Quarter Pp. 130-131; 
150. 

McWilliams, J. L. 1955. Effects of some cultural practices on grass production at Mandan, N.D. U.S. Dept. 
Agr. Tech. Bull. 1097. 28 pp. 

Medin, D. E. 1960. Physical site factors influencing annual production of true mountain mahogany, 
Cercocarpus montanus. Ecology 41 :454-460. 

Merkel, D. L., and W. F. Currier. 1973. Critical area stabilization in New Mexico. New Mexico Inter
Agency Range Committee Report 7. 95 pp. 

Merkel, D. L., and C. H. Herbel. 1973. Seeding non-irrigated lands in New Mexico. N.M. Inter-Agency 
Range Committee Report 10.95 pp. 

Merrill, J. L. 1978. Managing native range with rotational g razing and integration of cultivated pastures. 
Pages 122-130 in C. A. Griffith, ed. Proceedings of Conference on the Management of Warm Season 
Grasses for Utilization with Beef Cattle. Noble Foundation, Ardmore, OK. 152 pp 

Milstein, D., and G. Milstein. 1976. Water, light, and love. Applewood Seed Co., Lakewood, CO. 96 pp. 

Moline, W. J. 1974. Seeding warm-season grasses. Nebr. Ext. Serv. NebGuide G74-138. 2 pp. 

Monsen, S. B., and D. R. Christensen. 1975. Woody plants forrehabilitating rangelands in the intermountain 
region. Pages 72-119 in Wildland shrubs symposium and workshop proceedings. Provo, UT. 

Mulkern, G. B. 1972. The effect of preferred food plants on distribution and numbers of grasshoppers. 
Pages 215-218 in C. F. Hemming and T. H. C. Taylor, eds. Proc.lnt. Study Conf Current and Future 
Problems of Acridology, 1970. Centre for Overseas Pest Research, London, lVI, 534 pp. 

Newell, L. C. 1955. Wheatgrass in the West. Crops and Soils 8:7-9. 

Newell, L. C. 1973. Smooth bromegrass. Pages 254-262 in M. E. Heath, D. S. Metcalfe, and R. F. 
Barnes; eds. Forages. Iowa Sta. Univ Press, Ames, lAo 755 pp. 

340 

-




Newell, L. C., and W. J. Moline. 1978. Forage quality evaluations of twelve grasses in relation to season 
for grazing. Univ. Neb. Agr. Exp. Sta. Res. Bull. 283. 43 pp. 

Newell, L. C., R. D Staten, E. B. Jackson, and E. C Conard. 1962 Sideoats grama in the Central 
Great Plains. Neb. Agr. Exp. Sta. Bull. 38 pp. 

New Mexico Dept. of Natural Resources. 1980. New Mexico forest practices guidelines. Forestry Dlv., 
Santa Fe. 55 pp. 

Nord,	 E. C. 1965. Autecology of bitterbrush in California. Ecol. Manage. 35:207-224. 

Nord, E., and L. Green. 1977. Low volume and slow burning vegetation for planting on clearings in 
California chaparral. U.S Dept. Agr.. For. Servo Res. Paper PSW-125. 41 pp. 

Nord,	 E. C., P. F. Hartless, and W. D. Nettleton. 1971. Effects of several factors on saltbush establishment 
in California. J. Range Manage. 24:215-223. 

Olson, D. F., Jr. 1974. Quercus. Oak. Pages 692-703 in C. S. Schopmeyer, Tech. Coord. Seeds of woody 
plants of the United States. U.S. Dept. Agr., For. Serv. Agr. Handb. 450. 883 pp. 

Olson, D. F.. Jr., and W J. Gabriel. 1974. Acer. Maple. Pages 187-197 in C. S. Schopmeyer, Tech. 
Coord. Seeds of woody plants in the United States. U.S. Dept. Agr., For. Serv. Agr. Handb. 450. 
883 pp. 

Owensby, C E. 1980. Kansas prairie wildflowers. Iowa Sta. Univ. Press, Ames. 124 pp. 

Owston, P. W., and W. I. Stein. 1974. Pseudorsuga. Douglas-fir. Pages 674-783 in C. S Schopmeyer, 
Tech. Coord. Seeds of woody plants in the United States. U.S. Dept. Agr., For. Serv. Agr. Handb. 
450.88 pp. 

Page, R. J, D L. Goodwin, and N. E. West. 1966. Germination requirements of scarlet (sic.. ) globemallow, 
J. Range Manage. 19: 145-146. 

Pechanec, J. F., and G. Stewart. 1949. Grazing spring-fall sheep ranges of southern Idaho. U.S. Dept. 
Agr. Circ. 808.34 pp 

Pelton, J. 1953. Studies on the life-history of Symphoricarpos occidentalis Hook. in Minnesota. Ecol. 
Monogr.23:17-39. 

Perry, L. J., Jr., and J. Stubbendieck. 1976. Nebraska handbook of range management. Neb. Ext. Serv. 
Circ.76-131.44 pp. 

Pfister, R. D. 1974. Ribes. Currant, gooseberry. Pages 720-727 !.Q C. S. Schopmeyer, Tech. Coord. 
Seeds of woody piants in the United States. U.S. Dept. Agr., For. Serv. Agr. Handb. 450. 883 pp. 

Pieters, A. J., P. R. Henson, W. E. Adams, and A. P. Barnett. 1950. Sericea and other perennial 
lespedezas for forage and soil conservation. U.S. Dept. Agr. Circ. 863.48 pp. 

Piper, C. V. 1934. Important cultivated grasses in the United States. U.S. Dept. Agr. Farmer's Bull. 
1284. Pp. 7-9. 

Piper, C. V. 1937. Forage plants and their culture. MacMillan Co., NY. Pp 191-196. 

Plummer, A. P., and N. C. Frischknecht. 1952. Increasing field stands of Indian ricegrass. Agron. J. 
44:285-289. 

Plummer, A. P., D. R. Christensen, and K. R. Jorgensen. 1970. Highlights, results, and accomplishments 
of game range restoration studies. Utah Div. Fish and Game Publ. 70-3. Salt Lake City. 94 pp. 

Plummer, A. P., D. R. Christensen, and S. B. Monsen. 1968. Utah Div. Fish and Game Publ. C8-3. 
Salt Lake City 183 pp. 

Plummer, A. P., A. C. Hull, Jr., G. Stewart, and J. H. Robertson. 1955. Seeding rangelands in Utah, 
Nevada, southern Idaho, and western Wyoming. U.S. Dept. Agr., Agr. Handb. 71. 73 pp. 

Potter, H. S., S. Weitzman, and G. R. Trimble, Jr. 1951. Reforestation of strip mined lands in West 
Virginia. U.S. Dept. Agr., For Serv., Northeast For. Exp. Sta. Paper 43 Upper Darby. PA. 28 pp. 

341 



Powell, J. B., and A. A. Hanson 1973. Timothy. Pages 277-284 in M. E. Heath, D. S. Metcalfe. and 
R. F Barnes, eds. Forages. Iowa State Univ. Press, Ames, lAo 755 pp. 

Preston. R. J., Jr. 1976. North American trees. 3d Ed. Iowa State Univ. Press, Ames. 399 pp. 

Preston, R. J., Jr. 1968. Rocky Mountain trees. 3d Rev. Ed., Dover Publ., Inc., NY. 285 pp. 

Putnam. J. A., G. M. Furnival, and J. S. McKnight. 1960. Mangement and inventory of southern hardwoods. 
US. Dept. Agr., For. Servo Handb. 181.102 pp. 

Rampton. H. H. 1949. Alta fescue production in Oregon. Oregon Agr. Exp. Sta. Bull. 427. 22 pp. 

Read, R. A. 1964. Tree windbreaks forthe Central Great Plains. US. Dept. Agr., For. Servo Agr. Handb.250. 
68 pp. 

Rechintin, C. A. 1972. Native flowers of Texas. U.S. Dept. Agr., Soil Conserv. Servo Pub!. 4-32000. 
Temple, TX. n.p. 

Redente, E. F. 1980. Autecology of Hedysarum borea/e. Ph.D Dissertation, Colorado State Univ, Ft. 
Collins. 73 pp. 

Redente, E. F., and F. B. Reeves. 1981. Interactions between vesicular-arbuscular myccorhiza and 
Rhizobium and their effect on sweet vetch growth. Soil Sci. 132:410-415 

Reed, M. J. 1974. Ceanothus. Ceanothus. Pages 284-290 in C. S. Schopmeyer, Tech. Coord. Seeds
 
of woody plants in the United States. U.S. Dept. Agr., For. Servo Agr. Handb. 450. 883 pp.
 

Rehm. G. W., W. J. Moline, E. J. Schwartz, and R. S. Moomaw. 1971. Effect of fertilization and
 
management on the production of bromegrass in northern Nebraska. Neb. Agr. Exp. Sta. Res. 
Bull. 247. 27 pp. 

Renner. F G., and B. W. Allred. 1962. Classifying rangeland for conservation planning. U.S. Dept. 
Agr., Agr. Handb. 235. 48 p .. 

Reynolds, H. G., F. Lavin, and H. W. Springfield. 1949. A preliminary guide for range reseeding in 
Arizona and New Mexico. U.S. Dept. Agr., For. Serv., Southwestern For. and Range Exp. Sta. 
Res. Rep. 7.12 pp. 

Rhoades, E. D. 1967. Grass survivial in flood pool area. J. Soil and Water Conserv 22:19-21. 

Rickett, H. W. 1973. Wild flowers of the United States. Vol. 6. Part III. McGraw-Hili Book Co., NY. 784 pp. 

Robertson, J. H. 1955. Penetration of roots of tall wheatgrass in wet saline-alkali soil. Ecology 36:755-757. 

Rock, H. W. 1981. Prairie propagation handbook. Sixth ed. Wehr Nature Center, Milwaukee County 
Dept. of Parks, Recreation and Culture. Hales Corners, WI. 74 pp. 

Rogers, H. F. 1951. Strip-mined lands of the Western Interior Coal Province. Univ. Mo., Agr., Exp. 
Sta. Bull. 475, Columbia. 55 pp. 

Rogier, G. A. 1973. The wheatgrass. Pages 221-230 in M. E. Heath, D. S. Metcalfe, and R. S. Barnes, eds. 
Forages. Iowa State Univ. Press, Ames, IA. 755 pp. 

Rudolph. P. O. 1974. Clematis. Clematis. Pages 331-334 ill C. S. Schopmeyer, Tech. Coord. Seeds of 
woody plants in the United States. US. Dept. Agr., For. Servo Agr. Handb. 450. 883 pp. 

Ruffner, J. S. 1973. Projecting the use of new plant materials for special recommendation problems. 
Pages 108-117 ill Research and Applied Technology Symposium on Mined-Land Reclamation. 
Nat. Coal Assn., Monroeville, PA. 150 pp. 

Rummell, R. S., and C. E. Holscher. 1955. Seeding summer ranges in eastern Oregon and Washington. U.S. 
Dept. Agr. Farmers' Bull. 2091. 34 pp. 

Ryerson, D. 1972. Critana wheatgrass. NOW 8:10-11. 

Sabo, D. G., G. V. Johnson. W. C. Martin, and E. F. Aldon. 1979. Germination requirements of 19 species 
of arid land plants. U.S. Dept. Agr., For. Serv. Res. Paper RM-210. 26 pp. 

342 



Safford, L. 0, 1974, Plcea. Spruce. Pages 587-597 in C. S Schopmeyer, Tech Coord. Seeds of woody 
plants in the United States. U.S. Dept. Agr" For Serv. Agr. Handb. 450. 883 pp. 

Salac, S, S, P N. Jensen, J. A. Dickerson, and R. W. Gray, Jr. 1978. Wildflowers for Nebraska landscapes. 
Univ. Neb. Agr. Exp. Sta. Misc. Publ. 35. Lincoln. 23 pp. 

Sampson. A. W. Plant succession in relation to range management. U.S. Dept. Agr. Bull. 791. 76 pp. 

Sampson, A. W., and B. S. Jesperson 1963, California range brushlands and browse plants. Univ. Calif, 
Agr. Exp. Sta, Ext. Serv. Manual 33, Davis, 162 pp. 

Sampson, A W, A. Chase, and D. W Hedrick. 1951. California grasslands and range forage grasses. 
Calif. Agr. Exp. Sta. Bull. 724. 131 pp. 

Sarvis, J. T. 1923, Effect of different systems and intensities of grazing upon the native vegetation at 
the N. Great Plains Field Sta. US. Dept. Agr. Bull. 1170.46 pp. 

Savage. D. A. 1939. Grass culture and range improvement in the central and southern Great Plains U.S. 
Dept. Agr. Circ. 491. 55 pp. 

Scheetz. J. G.. and L. K. Holzworth. 1981. Bridger Plant Materials Center 1980 technical report. US. Dept. 
Agr., Soil Conserv. Serv., Bozeman, MT. 215 pp. 

Schmidt, W. C., and J. E. Lotan. 1980. Phenology of common forest flora of the northern Rockies 
1928-1937 U.S. Dept. Agr .. For. Servo Res. Paper INT-259. 20 pp. 

Schopmeyer, C. S. 1974. Seeds of woody plants in the United States. U.S. Dept. Agr., For. Serv. Agr. Handb. 
450. 883 pp. 

Schreiner, E. J. 1974. Populus. Poplar. Pages 645-655 in C. S. Schopmeyer, Tech. Coord. Seeds of 
woody plants in the United States. U.S Dept. Agr.,For. Servo Agr. Handb. 450. 883 pp. 

Schubert, G. H., L. J. Heidmann, and M. M. Larson. 1970 Artificial reforestation practices forthe Southwest. 
U.S. Dept. Agr., For Serv. Agr. Handb. 370. 25 pp. 

Schwendiman, J. L .. and V. B. Hawk 1973. Other grasses for the North and West. Pages 231-242 
ill 1\1\. E. Heath, D. S. Metcalfe, and R. F. Barnes, eds. Forages. Iowa State Univ. Press, Ames, IA. 
755 pp. 

Schwendirnan, J. L., R. F. Sackman, and A. L. Hafenrichter. 1940. Processing seed of grasses and other 
shrubs to remove awns and appendages. U.S. Dept. Agr. Circ. 558 15 pp. 

Semple, A. T., and M. A. Hein. 1943. Good pastures. U.S, Dept. Agr. Farm. Bull. 1942.22 pp. 

Semple, A. T .. H. N. Vinall, C R. Enlow, and T. E. Woodward. 1940. Pasture handbook. US. Dept. Agr. 
Misc. Publ. 194 (Rev.). 60 pp. 

Shaw. A F. and C. S Cooper, co-chairmen. 1973, The interagency forage, conservation, and wildlife 
handbook Montana State Univ, Ext. Serv, Bozeman, MT. 205 pp. 

Shaw. D L. 1963. Common forest and windbreak trees of Colorado. Colo. State For. Serv, Ft. Collins. 23 pp. 

Shaw,	 D. L. 1974. The farmstead windbreak. Colo. State For. Serv., Ft. Collins 41 pp. 

Shepherd, H. R. 1971. Effects of clipping on key browse species in southwestern Colorado. Colo. Div. 
Game, Fish. Parks. Tech. Publ. 28. Denver. 104 pp. 

Shoop, M. C, and E. H. Mcilvain. 1970. Winter grazing of lovegrass in Northwestern Oklahoma. Pages 122
128 ill Proc First Weeping Lovegrass Symposium (April 28-29, 1970). Agriculture Division, The 
Samuel Roberts Noble Foundation, Inc., Ardmore, OK. 

Shoop, M., E. H. Mcilvain, and P. W Voigt. 1976. Morpa weeping lovegrass produces more beef. J. Range 
Manage. 29:101-103. 

Sims.	 P. L., and E. F. Redente. 1974. Revegetation of disturbed surface soils in various vegetation 
ecosystems of the Piceance Basin. Colo. St. Univ., Environ. Resources Center Tech. Rep. 5, Ft. 
CollinS, CO 157 pp. 

343 



Sims,	 P. L., B. E. Dahl, and A. H. Denham 1976. Vegetation and livestock response at three grazing 
intensities on sandhill rangeland in eastern Colorado. Colo. State Univ. Exp. Sta Tech. Bull. 130. 
48 pp. 

Smith, D. 1962. Forage management in the North. Wm. C. Brown Book Co., Dubuque, IA. 219 pp. 

Smith, D. R. 1971. Growth responses of true mountainmahogany (Cercocarpus montanus) on four soil 
types within the Front Range of Colorado. Ph. D. Thesis. Utah State Univ., Logan. (abstract 
J. Range Manage. 25:243-244). 

Smith, D. R., and L. N. Bass. 1973. Germinability of true mountainmahogany achenes as influenced bysoil 
and other environmental factors. Proc. Assn. of Off. Seed Anal. 63:125-134. 

Smith, J. G 1974. Grayia. Hopsage. Pages 434-436 i.!l C. S. Schopmeyer, Tech. Coord. Seeds of woody 
plants in the United States. U.S. Dept. Agr., For. Serv. Agr. Handb. 450. 883 pp. 

Smith, O. w., H. D. Jacqot, and R. L. Brown. 1947. Stabilization of sand dunes in the Pacific Northwest. 
Wash. Agr. Exp. Sta. Bull. 492. 16 pp. 

Sorensen, J. T., and D. J. Holden. 1974. Germination of native prairie forb seed. J. Range Manage. 
27:123-126. 

Springfield, H. W. 1956. Relation of time of planting to establishment of wheatgrasses in northern New 
Mexico. U.S. Dept. Agr., For. Serv., Rocky Mt For.'and Range Exp. Sta. Res. Note24. Ft. Collins, CO. 
9 pp. 

Springfield, H. W. 1970. Germination and establishment of fourwing saltbush in the Southwest. U.S. Dept. 
Agr., For. Servo Res. Paper RM-55. 48 pp. 

Stark, N. 1966. Review of highway planting information appropriate to Nevada. Desert Res. Inst., Univ. of 
Nev., College Agr. Bull. B-7, Reno. 209 pp. 

Stark, R. H., and K. H. Klages. 1949. Manchar smooth bromegrass. Idaho Agr. Exp. Sta. Bull. 275.7 pp. 

Stefferud, A., ed. 1948. Grass. Yearbook of Agriculture. U.S. Dept. Agr., US. Govt. Print. Office, 
Washington, DC 892 pp. 

Steger, R. E., and R. Beck. 1973. Range plants as ornamentals. J. Range Manage. 26:72-74. 

Stephens, H. A. 1973. Woody plants of the North Central Plains. Univ. Press of Kansas, Lawrence. 530 pp. 

Stevens, R. 1979. Tree transplanter for transplanting shrubs into rangeland. Pages 26-27 in Vegetative 
Rehabilitation and Equipment Workshop. 33rd annual report. U.S. Dept. Agr., For. Servo 7922 2805, 
Washington, DC. 65 pp. 

Stevens, R., B. C. Giunta, K. R. Jorgensen, and A. P. Plummer. 1977. Winterfat. Utah Div Wildl. Res. 
Publ. 77-2. 41 pp. 

Stewart, W. G. 1970. Irrigated pastures for Colorado. Colo. State Univ. Ext. Serv. Bull. 469-A. 26 pp. 

Stoeckeler, J. H., and P. E. Slabaugh. 1965. Conifer nursery practice in the Great Plains. U.S. Dept. 
Agr., For. Servo Agr. Handb. 279.93 pp. 

Strachan, M. D. 1975. A controlled environment stimulates growth and development of seedling trees. 
Pages 118-123 in B. T. Swanson, Jr., ed. 20th ann ual Colorado N ursery and Shade Tree Conference. 
Colo. Coop Ext. Serv., Ft. Collins. 141 pp. 

Stroh,	 J. R, A. E. Carleton, and W. J. Seamands. 1972. Management of Lutana cicer milkvetch for hay, 
pasture, seed, and conservation use. Mont. Agr. Exp. Sta. Bull. 666. 16 pp. 

Stubbendieck, J. 1977. Grazing systems and range fertilization. Neb. Agr. Ext. Circ. 77-218. Pp 18-20 

Stubbendieck, J., S. L. Hatch, and K. Kjar. 1981. North American range plants. Natural Resources 
Enterprises, Inc., Lincoln, NE. 468 pp. 

Sutton, R., and G. W. Johnson. 1974. Landscape plants from Utah Mts. Utah State Univ. Ext. Servo 
Publ. EC 368. Logan. 135 pp. 

344 



Swingle, C F. 1939. Seed propagation of trees, shrubs, and forbs for conservation planting. U.S. Dept. 
Agr., Soil Conserv. Serv, SCS-TP-27. 198 pp. 

Taliaferro, C. M., and C. C Russell. 1978. Establishment and management of old world bluestem gra3ses for 
seed. Okla. Agr. Exp. Sta. Bull T-149. Pp. 4-6 

Terwilliger, C., Jr, C. W. Cook, and P. L. Sims. 1974. Ecosystems and their natural and artificial 
rehabilitation. Pages 67-69 lD. C. W. Cook, study coord. Surface rehabilitation of land disturbances 
resulting from oil shale development. Colo. State Univ. Environ. Res. Center Tech. Rep. 1, Ft. 
Collins, CO. 255 pp. 

Thilenius, J. F. 1974. Shepherdia. Pages 771-773 in C. S. Schopmeyer, Tech. Coord. Seeds of woody 
plants in the United States. U.S. Dept. Agr., For. Serv Agr. Handb. 450.883 pp. 

Thornburg, A. A. 1982. Plant materials for use on surface mined lands in arid and semiarid regions. 
SCS-TP-157; EPA-600-7-70-134. 88 pp. 

Tinus, R. W., W l. Stein. and W E. Balmer. 1974. Proceedings of the North American Containerized 
Forest Tree Seedling Symposium. Great Plains Agr. Pub!. 68. 458 pp. 

Troeh, F. R., J. A. Hobbs, and R. L. Donahue. 1980. Soil and water conservation for productivity and 
environ me ntal protection. Prentice-Hall, Inc., Englewood CI iffs, NJ. Pp. 360-419. 

Turner, G. T., R. M. Hansen, V. H. Reid, H. P. Tietjen, and A. L. Ward. 1973. Pocket gophers and 
Colorado mountain rangelands. Colo. State Univ. Exp Sta. Bull. 554. 90 pp. 

U.S.	 Agricultural Research Service. 1960. Index of plant diseases in the United States U.S. Dept. Agr., 
US. Govt. Print. Office, Washington, DC. 531 pp. 

U.S.	 Agricultural Research Service. 1970. Selected weeds of the United States. U.S. Dept. Agr., Agr. 
Handb. 366.463 pp. 

U.S Forest Service. 1937. Range plant handbook. U.S Govt. Print. Office., Washington, DC. n.p. 

U.S.	 Forest Service. 1976. Some important shrubs of the West. U.S. Dept., Agr.. For. Servo Intermountain 
For. and Range Exp. Sta. Ogden, UT. 16 pp. 

U.S.	 Soil Conservation Service. 1966. Agronomy Handbook-Texas. U.S. Dept. Agr., Soil Conserv. Serv., 
Temple, TX. n. p. 

U.S. Soil Conservation Service.1980. Long range programs. U.S. Dept. Agr., Soil Conserv. Serv Revision 1. 
Upper Colorado Environmental Plant Center, Meeker, CO. 15 pp. 

Vallentine, J. F. 1967. Nebraska range and pasture grasses. Neb. Ext. Serv Circ. 67-170.55 pp. 

Vallentine, J. F. 1971. Range development and improvements. Brigham Young Univ. Press. Provo, UT. 
734 pp. 

Van Dersal. W. R. 1939. Native woody plants of the United States. U.S. Dept. Agr. Misc. Publ 303. 
362 pp. 

Van Rensslaer, M., and H. E. McMinn. 1942. Ceanothus Gillick Press. Berkeley, CA. 308 pp. 

Vogel, W. G. 1973. The effect of herbaceous vegetation on survival and growth of trees planted on coal 
mine spoils. Pages 82-92 in Research and applied technology symposium on mined-land reclama
tion. National Coal Assn., Monroeville, PA. 150 pp. 

Vogel, W. G. 1981. A guide for revegetating coal minesoils in the Eastern United States. U.S. Dept. 
Agr., For. Serv. Gen. Tech. Rep. NE-68. 190 pp. 

Voigt, P. W., W R. Kneebone, E. H. Mcilvain, M. C Shoop, and J. E. Webster. 1970. Palatability, 
chemical composition, and animal gains from selections of weeping lovegrass, Eragrostis curvula 
(Schrad.) Nees. Agron. J. 62:673-676. 

Vories, K. C. 1981. Growing Colorado plants from seed: a state of the art. VoL I: Shrubs. U.S Dept. 
Agr., For. Servo Gen. Tech. Rep. INT-103.80 pp. 

Wakeley, P. C. 1954. Planting the southern pine. U.S. Dept. Agr., For. Serv. Agr. Monogr. 18. 233 pp. 

345
 



Wakely, P. C., and G. W. Jones 1949. The job of planting trees: a survey. Pages 206-210 ill A. Stefferud, 
ed Trees. U.S. Dept. Agr., Yearbook of Agriculture. 944 pp. 

Walker, H., E. B. Hudspeth, and J. Morrow. 1958. Seed and fertilizer placement study on selected 
native grasses at Lubbock. Texas Agr. Exp. Sta. Prog. Rep. 2027.4 pp. 

Waller, S. S., D. K. Schmidt, J. Stubbendieck, C. M. Britton, and F. A Sneva. 1979. Effect of harvest 
date and drying procedure on germination of Kochia prostrata. Pages 8-11 in 1979 progress 
report Research in rangeland management. Oregon Agr. Exp. Sta. Special Rep. 549. Burns, OR. 
39 pp. 

Weaver, J. E. 1954. North American prairie. Johnsen Publ. Co., Lincoln, NE. 348 pp. 

Weaver, J. E., and F. W. Albertson. 1956. Grasslands of the Great Plains. Johnsen Publ. Co., Lincoln, NE. 
395 pp. 

Welch, H. N., E. Burnett, and E. B. HUdspeth. 1962 Effects of fertilizer on seedling emergence and 
growth of several grass species. J. Range Manage. 15:94-98. 

West, N. E., ed. 1972. Galleta: taxonomy, ecology, and management of Hi/aria jamesii on western 
rangelands. Utah Agr. Exp. Sta. Bull. 487.38 pp. 

West, N. E., and R. W. Wein.1971. A plant phenological index technique. Bio. Sci. 21:116-117. 

Wheeler, W. A 1950. Forage and pasture crops. D. Van Nostrand Co, Inc., NY. 752 pp. 

Wheeler, W. A, and D. D. Hill. 1957. Grasslands seeds. D. Van Nostrand Co., Inc., Princeton, NJ. 734 pp. 

Whyte, R. 0, T. R. G. Moil', and J. P. Cooper. 1959. Grasses in agriculture. Food and Agr Organiz.., 
United Nations. FAO Agr. Studies 42. Rome, Italy. 417 pp. 

Whyte, R. 0., G. Nilsson-Leissner, and H. C. Trumble. 1953. Legumes in agriculture. Food and Agr. 
Organiz., United Nations. Rome, Italy. 367 pp. 

Wilson, A. M. 1973. Responses of crested wheatgrass seeds to environment. J. Range Manage. 26:43-46. 

Winward, A. M. 1980. Taxonomy and ecology of sagebrush in Oregon. Oregon State Univ. Agr. Exp. 
Sta. Bull. 642. Corvallis. 15 pp. 

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

Wolff, S. E. 1951. Harvesting and cleaning grass and legume seed. U.S. Dept. Agr., Agr. Handb. 24 106 pp. 

Wood, M. K., R. W Knight, and J. A Young. 1976. Spiney hop-sage germination. J. Range Manage. 
29:53-56. 

Workman, J. P., and N. E. West. 1969. Ecotypic variation of Eurotia lanata populations in Utah. Bot. 
Gaz. 130:26-35. 

Wright, H. A 1972. Shrub response to fire. Pages 204-217 in C. M. McKell, J. P. Blaisell, and J R. 
Goodin, eds. Wildland shrubs - their biology and utilization U.S. Dept. Agr., For. Serv. Gen. 
Tech. Rep. INT-1. 494 pp. 

Wright, H. A. 1974. Range burning. J. Range Manage. 27:5-11. 

Wright, H. A, L. F. Neunschwander, and C. M. Britton. 1979. The role of fire in sagebrush-grass and 
pinyon-juniper plant communities. A state of the art review. U.S. Dept. Agr. Gen. Tech. Rep.INT-58. 
48 pp. 

Wyman, D. 1971. Wyman's gardening encyclopedia. MacMillan Co., NY. 1271 pp. 

Young, J. A. 1977. Ephedra seed germination. Agron. J. 69:209-211. 

Young, J. A 1981. Germination of Kochia prostrata seed Agron. J. 73:957-961. 

Young, J. A., and R. A. Evans. 1979. Arrowleaf balsam root and mules ear seed germination. J. Range 
Manage. 32:71-74. 

346 



Young. J. A., R. A. Evans, B. L. Kay, R. E. Owens, and J. Budy. 1981. Collecting, processing. and 
germinating seeds of western wildland plants. U.S. Dept. Agr., Sci. and Educ. Admin, Agr. Rev. 
and Manuals, Western Series 3 (revised), Reno. NV. 44 pp. 

Young, W. C. 1968. Ecology of roadside treatment. J. Soil and Water Conserv. 23:47 -50 . 

• 

• 

M, 

347
 



50272 -101 

REPORT DOCUMENTATION '.l,-REPORT NO.	 12- I 3< RKICllent' ~ Acc••sjon No. 

PAGE	 FWS/OBS-82/56 i i 
4. Title ~nd Subtitle	 I s. FlelXln Oate 

Ecology And Culture Of Selected Species Useful In Revegetating 
) 

~l-------------- _ 
Disturbed Lands In The West ~ 

f------------.------------------- l--------__ 
7. Autho"s)	 I' a. ""'rlo...",", Orcan'xatfon R"Pt. No. 

Clinton H. Wasser 
9.	 I>erlorminll Orwan'utlOn Name ~nd Add,ess Range Science Department 110. ProjecttTuk/Wot'l( UnIt No.
 

Colorado State University
 
Fort Collins, CO 80523 r11, ContraC'l(C) 0' Grant(Ol No.
 

, (Cl Purchase Order # 
I 92385-0035-81I(G) 

I 13. Tyoe ot Reoon &. I>.noo C/:)ylt,,,dWestern Energy and Land Use Team 
!Office of Biological Services 

Fish and Wildlife Service 
I 14. U.S. Department of the Interior !

Wa~hinaton DC 20240 

115. AbSTraC'l (Lim,t 200 words) 

This handbook presents ecological information about 98 of the more important species 
commonly used in revegetation and reclamation projects in the Western United States. 
Each species description includes information on origin. species growth and morpho
logical characteristics, major environmental relationships, culture, management uses 
and techniques. associated species. pests and diseases. and irllproved varieties. An 
illustration is included for each species to assist in the identification of the plant 
and depict its general appearance. 

; : -', 

.' 

a. DesenptClr'S 

plants, surface mining, ecology 

O. ldenllfi"""tOoen·€nded Terms 

Revegetation 
Western United States 
Disturbed lands 
P1ant cu1tu re 
c. COSATi F"ieldtG~uo 

18. AYa,iabliity Slatem"nt	 19. Se<:lJrlty Cia.. (This Recort> , 21. No. of PaQ'es 

ii - ix+3/RELEASE UNLIMITED	 UNCLASSIFIED 
21]. SeclJ"ty Crns (ThIS ?~el 22. PrIC~I 

L UNCLASSIFIED 
OI"TIONA(. FOR" 2 
'Form"r,y NTIS-35 
O.eoartr"T'lt!nt 0' Com 



~ ..... , 

DEPARTMENT OF THE INTERIOR
 
u.s. nSH AND WILDLIFE SERVICE 

As the Nation'li principal conservation agency, the Department of the Interior has respon· 
sibility for most of our ,nationally owned public lands and natural resources. This includes 
fostering the wisest use 01 our land and water resources, protecting our fish and wildlife, 
preserving the-environmental and cultural values of our national parks and historical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as· 
sesses our energy and minerai resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American India n reservation communities and for people who live in island territories under 
U.S. administration. 


