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Recently, the big sagebrush taxa has been split into subspecies

and forms. Four habitat types related to subspecies of big sagebrush

were studied in Eastern Oregon. Response of understory vegetation was

measured following three range improvement techniques implemented on

the four habitat types for several ages of treatment. Crown cover,

density, and frequency of three subspecies of big sagebrush were mea-

sured, the relationship of sagebrush to improvement treatment and

composition of understory vegetation was evaluated.

In general, the same plant species responded differently on four

habitat types manipulated by spray-release treatment. Approximately

one-third of the perennial grass species increased, one-third decreased,

and one-third showed no change in frequency, density, and cover between

treated and untreated areas four years after treatment on the basin

big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat

type. However, total grass representation increased after treatment.

Perennial forb and shrub species generally showed no change in fre-

quency, density, and cover in the fourth year following spray-release

treatment on the same habitat type. Perennial grass and shrub



species generally showed no cLtnge while perennial forb species gen-

erally decreased in frequency, density, and cover between treated and

untreated areas in the fourth year following spray-release treatment

on the Wyoming big sagebrush-Thurber needlegrass habitat type. Per-

ennial vegetation generally showed no difference in frequency, density,

and cover between treated and untreated areas in the sixth year

following spray-release treatment on mountain big sagebrush-Idaho fes-

cue habitat type. Perennial grass species generally increased, peren-

nial forb species generally showed no change, and shrubs species gen-

erally decreased in frequency, density, and cover between treated and

untreated areas in the sixth year after spray-release treatment on the

Wyoming big sagebrush-bluebunch wheatgrass habitat type.

The same plant species responded differently to three improvement

treatments implemented on the Wyoming big sagebrush-Thurber needlegrass

habitat type. Annual vegetation generally increased in frequency on

treated areas compared to untreated areas in six years following spray-

seed treatment on this habitat type. Approximately half of the native

perennial grass species decreased and half showed no change in fre-

quency, density, and cover after six years following spray-seed treat-

ment on this habitat type. Total grass representation increased after

treatment. Perennial forb and shrub species generally showed no change

in frequency, density, and cover after six years following spray-seed

treatment on this habitat type. Approximately half of the annual forb

and grass species increased in frequency and the rest either decreased

or showed no change in frequency on treated and untreated areas in ten

years following plow-seed treatment on this habitat type. Total repre-

sentation of annual vegetation increased after treatment. Perennial



grass species generally decreased in density, frequency, and cover in

ten years following plow-seed treatment on this habitat type. Total

grass representation, however, increased after treatment on this habi-

tat type as a result of seeding crested wheatgrass. Perennial forb

and shrub species generally showed no change in frequency, density, and

cover ten years after plow-seed treatment on this habitat type. Sage-

brush did decrease in representation while green rabbitbrush increased

after treatment. Annual vegetation generally showed no change in

frequency in the fourth year after spray-release treatment on the

Wyoming big sagebrush-Thurber needlegrass habitat type. Perennial

grass species generally showed no change, perennial forb species gen-

erally decreased, and shrub species generally showed no change in

frequency, density, and cover between treated and untreated areas in

the fourth year after spray-release treatment on this habitat type.

Sagebrush was found to reinvade at a constant rate in the Wyoming

big sagebrush-Thurber needlegrass habitat type in the sixth year

following spray-seed treatment. Extrapolation of data showed in

approximately 7.4 years the density of sagebrush on the treated area

would be the same as on untreated areas. The reinvasion of sagebrush

was found to be highly variable on Wyoming big sagebrush-Thurber needle-

grass habitat type following plow-seed treatment.

Sizes of improved areas on the study were calculated from high

flight photography. Results obtained from the photos differed from

known acreage by 8 %.
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CHANGES IN PLANT COMMUNITIES FOLLOWING
RANGELAND BRUSH CONTROL

INTRODUCTION

Oregon has an estimated ten million acres of sagebrush (Artemisia

spp.) grass rangeland (Hyder and Sneva, 1958). On a large part of

this rangeland, sagebrush is overly dense and must be reduced before

increased forage yields can be obtained for wild as well as domestic

animals. This overly dense sagebrush is a result of over-grazing and

wild-fire control (Ryder and Sneva, 1958).

In the past two decades, a marked increase in programs of range

improvements has been noted in the Pacific Northwest. According to

Gates (1974) approximately 4,090,000 acres of rangeland in the Pacific

Northwest have been treated for control of sagebrush since 1950. Of

that total about 2,740,000 acres have also been reseeded with grass

species (Gates, 1974).

Many studies have dealt with increased forage production, pro-

duction data for different species of grasses, and competition be-

tween brush and understory species on these improved areas (Sneva,

1972, and Ryder and Sneva, 1956). However, little emphasis has been

given to monitoring sagebrush plant community changes as a result of

range improvement practices being implemented. Studies of changes in

sagebrush plant communities are needed for future considerations of

range improvements for wildlife biologists, ecologists, and range

managers.



The objectives of this study were:

(1) To determine the impact of spray-seed, spray-release, and

plow-seed improvements on plant community structure for several

selected range habitat types.

(2) To evaluate relationships of three subspecies of big sage-

brush to improvement treatment on understory vegetation.

(3) To determine the density and crown cover of the three sub-

species of big sagebrush (Artemisia tridentata) for the different

treatment types and ages of treatment.

(4) To use space imagery and high flight photography to relate

and compare range improvement to the total area in the study area.
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REVIEW OF LITERATURE

Little information is available concerning changes in plant com-

munities as a result of sagebrush control and revegetation of desirable

grass species. The work that has been done on effects of sagebrush

control tends to focus on percent sagebrush crown cover reduced and

herbage response measured in pounds per acre.

Hurd (1955) reported on forb response from spraying with 2,4-D.

Ground cover and herbage production measurements were taken to monitor

response. Species that were susceptible to 2,4-D were pale agoseris

(Agoseris glauca), rose pussytoes (Antennaria rosea), orange arnica

(Arnica fulgens), splitleaf paintbrush (Castilleja lutea), giant

frasera (Frasera speciosa), and varileaf cinquefoil (Potentilla

glaucophylla). Species resistant to 2,4-D were yarrow (Achillea

millefolium), ballhead sandwort (Arenaria congesta), starry cerastium

(Cerastium arvense), northern bedstraw (Galium boreale), and American

bistort (Polygonum bistortoides). Species moderately affected by

2,4-D were leafybract aster (Aster foliaceus), subalpine buckwheat

(Eriogonum subalpinum), forgetmenot (Myosotis alpestris), and phlox

(Phlox multiflora). Grasses and sedges increased in production on

sprayed plots about 18% and cover also increased.

Mueggler and Blaisdell (1956) conducted experiments on areas

sprayed with 2,4-D in Clark County, Idaho. They compared density of

forbs and shrubs on sprayed areas with unsprayed areas. The forbs

most severely damaged were hangingpod milkvetch (Astragalus steno-

phyllus), arrowleaf balsamroot (Balsamorhiza sagittata), paintbrush,



one flower helianthella (Helianthella uniflora), tailcup lupine

(Lupinus caudatus), small bluebells (Mertensia oblon9ifolia), penstemon

(Penstemon spp.), cinquefoil, sieversia (Sieversia ciliata), and foot-

hill deathcamas (Zigadenus paniculatus). Those forbs moderately to

slightly damaged were nettleleaf gianthyssop (Agastache urticifolia),

agoseris, smalihead pussytoes (Antennaria microphylla), orange arnica,

common comandra (Comandra umbellata), longleaf fleabane (Erigeron

carymbosus), wyeth buckwheat (Eriogonum heracleoides), stoneseed

(Lithosperum ruderale), velvet lupine (Lupinus leucophyllus), matroot

penstemon (Penstemon radicosus), hairy phlox (Phlox canescens), west-

ern groundsel (Senecio integerrimus), and violet (Viola spp.). The

forbs found to be unharmed by 2,4-D included yarrow, dogbane (Apocynum

sp.), timber poisonvetch (1135.JEL.1111s convallarius), tapertip hawksbeard

(Crepis acuminata), slim larkspur (Delphinium depauperatum), pale

larkspur (Delphinium glacescens), cushion buckwheat (Eriogonum ovali-

folium), sticky geranium (Geranium viscosissimum), perennial flax

(Linum lewisii), yampa (Perideridia gairdneri), dock (Rumex sp.), and

goldenrod (Solidago sp.). The shrubs that were unharmed were gray

horsebrush (Tetradymia canescens) and bitterbrush (Purshia tridentata).

The other shrub recorded was downy green rabbitbrush (Chrysothamnus

puberulus) which was lightly damaged.

Ryder and Sneva (1956) obtained the following results from an

area before and after spraying with 2,4-D. All grasses increased

ground cover from 3.7% before spraying to 5.0% three years after spray-

ing. Big sagebrush decreased in cover from 21% before treatment

to 4% three years after treatment.
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Hyatt (1966) determined sagebrush cover was reduced and grass

production enhanced by spraying with 2,4-D. Hyatt's figures showed

big sagebrush ground cover was 52%, grass ground cover was 28%, and

grass production was 343 pounds per acre before spray application.

At the end of the sixth year after treatment, sagebrush ground cover

was 13%, grass ground cover was 70%, and grass production was 1143

pounds per acre.

Johnson (1958) related number of sagebrush seedlings to percent

kill of original sagebrush plants. Fewer seedlings were found on un-

sprayed areas or those areas with small percent kill of original

plants than on those areas with 40 to 60% of original plants killed.

As percent kill of original plants increased, the number of seedlings

increased up to a maximum in the 40 to 60% kill of original plants

class. The number of seedlings then decreased with higher percent

kills of original sagebrush plants. Sagebrush plants not killed

served as a seed source for seedling growth. Johnson also found that

in poor percent kill of original plants (under 50%) crown cover in-

creased over the unsprayed crown cover plots even though sagebrush

density was reduced. The surviving sagebrush plants had more moisture

and more room to expand.

Hedrick et al. (1966) found sagebrush rapidly reoccupied

mechanically treated, poor-condition ranges; after six years roto-

beaten plots contained more sagebrush than check plots. Sprayed areas

were reoccupied rather slowly even on poor-condition areas. Sagebrush

control contributed mainly to increases in junegrass (Koleria cristata)
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and bottlebrush squirreltail. These two species increased in the first

six years after treatment and decreased in the last two years of an

eight year study. Cheatgrass (Bromus tectorum) appeared as an im-

portant component only on treated plots in the eighth year after sage-

brush control. Annual forbs pinnate tansymustard (Descurainia pin-

nata) and hairstem groundsmoke (Gayophytum ramosissimum) increased on

treated plots in the first year to about six times as much as on

untreated plots.

Alley and Bohmont (1958) found production of common native

grasses such as fescues, bluegrasses, and wheatgrasses increased to

150% of production before treatment the first year following 2,4-D

treatment. Percentage composition of all forbs was not measurably

changed and production from grasses increased fourfold over a five

year period following treatment.

Laycock and Phillips (1968) measured an area before and after

it was sprayed with 2,4-D in 1956. Eight years later grass species

that increased significantly in production were bluebunch wheatgrass,

Idaho fescue, and Sandberg bluegrass (Poa secunda). The total grass

production increased from 658 pounds per acre before spraying to 1010

pounds per acre eight years after spraying. Wyeth buckwheat, spur

lupine (Lupinus laxiflorus), and beauty cinquefoil (Potentilla

qracilis) all decreased in production. Yarrow increased slightly in

production. Total forb production decreased from 67 pounds per acre

before treatment to 38 pounds per acre eight years following treatment.

Green rabbitbrush (Chrysothamnus viscidiflorus) decreased in
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production from 134 pounds per acre before treatment to 63 pounds per

acre eight years after treatment,

Klomp and Hull (1968) worked with effects of 2,4-D on seedling

growth of range grasses. They determined seedlings are extremely sus-

ceptible to injury from 2,4-D. Mueggler and Blaisdell (1958)

were involved in work with effects of 2,4-D on herbaceous plants.

Measurements taken before treatment and three years later showed

total grasses increased in production from 245 pounds per acre to 430

pounds per acre. Forbs increased in production from 65 pounds per

acre to 92 pounds per acre. Shrubs decreased in production from 281

pounds per acre to 219 pounds per acre. Forbs decreasing in production

were lupine, common comandra, and longleaf fleabane. Forbs increasing

in production were small flower pussytoes, matroot penstemon, orange

arnica, and wyeth buckwheat. Shrubs that increased in production were

downy rabbitbrush, gray horsebrush, and bitterbrush. Big sagebrush

had densities of 11.1, 3.5, and 4.3 plants per 100 ft.2 before, one

year after, and three years after treatment respectively.

Poulton (1949) stated success of seeded grass species in a sage-

brush area depended on the relative ages of the seeded species and

sagebrush. As the age of sagebrush increased, the chance for success

in seeding grass species decreased. Older stands of sagebrush may pre-

vent grass establishment. Sagebrush seedling stands may allow estab-

lishment of satisfactory grass, but they suppress the grass and reduce

yield. Sagebrush plants over two years old are not greatly affected

by grass subsequently established. Due to their earlier maturity,

seeded grasses established concurrently with sagebrush have an
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initial advantage and suppress the sagebrush seedlings, but the sage-

brush eventually gains dominance. Good stands of seeded grass, if

established prior to sagebrush, will suppress sagebrush seedlings and

may prevent sagebrush establishment for an indefinite period.

Cook and Lewis (1963) reported on competition between big sage-

brush and seeded grasses in Utah. They found 71% of the reinvading

sagebrush present in seeded areas was established two years after

brush removal by spraying. The density of brush invasion after two

years ranged from 32.1 to 14.9 plants per 100 ft.2

Johnson (1969) found density of young and mature sagebrush plants

began to increase within five years after spraying, and within 14

years, there were more sagebrush plants present than on adjoining

unsprayed areas. Increased herbage production was nullified within

six years after spraying.

Bleak and Miller (1955) studied sagebrush seedling production as

related to time of mechanical eradication. They concluded eradi-

cation of sagebrush in summer as opposed to spring or fall eradi-

cation gave lowest sagebrush reinvasion rates. In the summer the soil

is dry and firm, and sagebrush seed has not matured to the point where

it will germinate if dispersed in the soil by plowing.

Johnson and Payne (1968) studied 15 plowed and seeded areas in

Southwestern Montana to correlate sagebrush reinvasion as affected by

environmental influences. Sagebrush surviving plowing was found to be

the most important factor related to reinvasion. Plowing near or

after sagebrush seed maturation resulted in heavy reinfestation of

seeded stands. Sagebrush adjacent to treated areas was of no practical
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importance as a seed source for reinvasion.

Branson et al. (1966) tested contour plowing, pitting, and

ripping on Western rangelands. Contour-plow treatments had better

establishment and more production of seeded grass than did the other

two methods. Soil moisture was higher on contour plowed areas than

on areas treated with the other two techniques. Soil moisture was

also higher on contour plowed areas than on untreated areas. This in-

crease in soil moisture gave the seeded species an advantage in the

first few years of establishment.

Urness (1966) found grasses on the big sagebrush-Thurber needle-

grass habitat type showed no increase in production the first year

after a spray treatment. Annuals increased in frequency in the first

year after a spray treatment. Thurber needlegrass increased and de-

creased in frequency and cover while bottlebrush squirreltail in-

creased in frequency and cover and total forb cover increased after a

spray treatment. Urness also found cheatgrass increased in frequency

on big sagebrush-bluebunch wheatgrass habitat type following plow-

seed treatment. Establishment of almost pure stands of seeded grasses

formed a strong competitive barrier against shrub reestablishment.

Poulton (1949) discussed reinvasion of sagebrush on seeded ranges.

He concluded several factors influence reinvasion of sagebrush. The

factors include method of sagebrush control, in what season of the

year sagebrush was controlled, and what the original vegetation com

plex was before man's intervention.

Beetle (1960) split the big sagebrush taxa into subspecies and
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forms. He recognized sites that supported the same subspecies were

ecologically similar throughout the 11 Western states. He also recog-

nized that sites supporting different subspecies were ecologically

different. Beetle stated that big sagebrush had the widest distribu-

tion latitudinally, longitudinally, and altitudinally of any of the

species of sagebrush. He pointed out the importance of knowing what

sagebrush subspecies is involved before control recommendations are

made.

Winward (1970) stated that vegetation in particular habitat

types associated with each subspecies of big sagebrush would respond

to management practices in different ways. Each subspecies was found

on a different site. Mountain big sagebrush was found in areas of

higher elevation and precipitation than the other two. Basin big

sagebrush and Wyoming big sagebrush occupied lower elevation ranges.

Wyoming big sagebrush tolerated shallower soil than basin big sage-

brush,

Tisdale et al. (1969) noted the importance of classifying sage-

brush and associated vegetation into habitat types based on big sage-

brush subspecies. They stated the variability of effective environ-

ment is generally less from stand to stand within habitat types than

between stands of different habitat types. They further stated that

different habitat types often differ greatly in productivity potential

and floristic composition. They also implied response of vegetation

on different habitat types to a particular management practice

would probably be greatly different.
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Poulton and Tisdale (1961) recognized the need for a quantitative

method for description and classification of range vegetation. They

recognized that all range sites did not hold the same potential for

increased herbage response by controlling sagebrush.
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DESCRIPTION OF STUDY AREA

Location

This study was conducted on the high desert in Central Oregon

within a 30 mile radius of Hampton, Oregon (Figure 1). Five sampling

locations were situated on the Hampton Co-op ranch in Deschutes County,

seven sampling locations were situated on the G.I. ranch in Crook

County, and two sampling locations were near the abandoned settlement

of Stauffer in Lake County.

History

The Oregon high desert was not homesteaded until the 1860's.

As early as 1862, California sheep were grazing the area. Movement of

sheep into Eastern and Central Oregon increased strongly in the 1870's.

The cattle population increased in the 1880's. At the turn of the cen-

tury the number of animals using the high desert forage reached a

maximum. The practiced method of livestock grazing was to graze all

year long (Brimlow, 1951). The entire area was probably very heavily

overused until the 1940's (Tueller, 1962). Tueller (1962) further re-

ported that since then stocking rates have been decreased, seasonal

use has been practiced, and private as well as public ownerships have

been implementing range improvements and range developments to in-

crease forage production and obtain better utilization.



Figure I. Location of study area in Crook, Deschutes, and Lake County, Oregon.

Represents G.I.(GI) and Hampton Co-op (H) ranches and Stauffer (S).

Crook

In G.I.

1-,11
Deschutes H I

Lake I
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Geology and Topography

The study area is located on the High Lava Plains province as

defined by Franklin and Dyrness (1973). This physiographic province

is characterized by young lava flows of moderate relief with cinder

cones and lava buttes (which Hampton and Glass Buttes exemplify).

Most of the study area has a base elevation of about 4500 feet above

sea level. The cinder buttes rise to around 6000 feet in elevation.

Geologic formations on the high desert consist largely of Plio-

cene and Pleistocene lavas, tuffs, and alluviums. Several basins, now

dry, contained extensive lakes during the Pleistocene epoch. Pumice

deposits of Mount Mazama are widespread on the high desert (Franklin

and Dyrness, 1973).

Soils

Soils of the uplands in the High Lava Plains supporting shrub-

grassland vegetation are largely mantled with Camborthids, Haplargids,

and Surargids. The Camborthids are formed in pumice and water-laid

materials which have been deposited in layers one-half to one meter

thick over basalt bedrock. These soils commonly have a sandy loam sur-

face horizon and a loamy subsoil. The Haplargids, the most widely dis-

tributed upland soil, are derived from basalt or tuff and usually have

a very stony loam texture. Durargids are similar to the Haplargids

except they have silica-cemented hardpans at depths of about one-half

meter (Franklin and Dyrness, 1973).
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Climate

Precipitation in Central Oregon occurs at two major times. Most

precipitation comes as snow during winter months of November, December,

January, and February. During May and June rain showers are common.

The winters are cold with January mean minimum temperatures for the

study area lying between -9 and -11 C. The summers are hot and dry

with July mean maximum temperatures lying between 20 and 31 C

(Franklin and Dyrness, 1973). Killing frost may occur at any time

of the year (Tueller, 1972).

Vegetation

Bunchgrasses occur as understory species in Central Oregon. The

dominant shrub genus is Artemisia. Three major subspecies of big sage-

brush dominate the shrub cover on this high desert region. Four habi-

tat.types were recognized and used in this study (Figure 2). The

habitat types used according to Winward (1970) were Wyoming big sage-

brush-Thurber needlegrass (Artemisia tridentata subspecies wyomingene-

sis-Stipa thurberiana), Wyoming big sagebrush-bluebunch wheatgrass

(Artemisia tridentata subspecies wyomingenesis-Agropyron spicatum),

mountain big sagebrush - Idaho fescue (Artemisia tridentata subspecies

vaseyana-Festuca idahoenesis), and basin big sagebrush-bluebunch

wheatgrass - bottlebrush squirreltail (Artemisia tridentata subspecies

tridentata-Agropyron spicatum-Sitanion hystrix). Major plant species

associated with each habitat type are shown in Table 1.
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Figure 2. Habitat types used in this study; a) basin big sagebrush-

bluebunch wheatgrass-bottlebrush squirreltail, b) Wyoming

big sagebrush-Thurber needlegrass, c) mountain big sage-

brush-Idaho fescue, d) Wyoming big sagebrush-bluebunch

wheatgrass.

a) Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirrel-

tail habitat type.

b) Wyoming big sagebrush-Thurber needlegrass habitat type.



Figure 2. Continued
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c) Mountain big sagebrush-Idaho fescue habitat type.

d) Wyoming big sagebrush-bluebunch wheatgrass habitat type.



Table 1. List of major plant species associated with habitat types.
1/ 2/ 3/ 4/

ARTRTR- AGSP -SIHY ARTRWY-STTF ARTRWY-AGST ARTRVA-FEff
Basin big sagebrush Wyoming big sagebrush Wyoming big sagebrush Mountain big sagebrush
Bluebunch wheatgrass Bottlebrush squirreltail Bluebunch wheatgrass Idaho fescue
Bottlebrush squirreltail Thurber needlegrass Indian ricegrass *9/ Sulfur buckwheat
Junegrass Sandberg bluegrass Bottlebrush squirreltail Thurber needlegrass
Sandberg bluegrass Junegrass Sandberg bluegrass Gland cinquefoil *12/
Loco weed Loco weed Shaggy fleabane 10/ Sandberg bluegrass
Arrowleaf balsamroot* Longleaf phlox Hood's phlox Hood's phlox*
Yarrow Lupine Spreading phlox Silky lupine
Hawksbeard* Spreading phlox 8/ Needleandthread *11/ Rose pussytoes*
Stoneseed* Green rabbitbrush Green rabbitbrushr Junegrass
Indian paintbrush* Thurber needlegrass Green rabbitbrush
Longleaf phlox 5/ Longleaf phlox*
Hood's phlox *6/ Wyeth buckwheat
Lupine Western yarrow
Green rabbitbrush Bluebunch wheatgrass
Gray rabbitbrush 7/ Snowberry *11/
* Plants normally present in climax not encountered during this study.
1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type. Associated species

given by Winward (1970).
2/ Wyoming big sagebrush-Thurber needlegrass habitat type. Associated species were species found

most common on this habitat type in this study.
3/ Wyoming big sagebrush-bluebunch wheatgrass habitat type. Associated species given by Winward (1970).
4/ Mountain big sagebrush-Idaho fescue habitat type. Associated species given by Winward (1970).
5/ Phlox longifolia
6/ Phlox hoodii
7/ Chrysothamnus nauseous

Phlox diffusa
9/ Oryzopsis hymenoides
10/ Erigeron pumilus
11/ Stipa comata
12/ Potentilla glandulosa

TT/ Symphoricarpos al bus



19

METHODS

Selection of Study Locations

Four habitat types were selected for the study. These habitat

types were dominated by three major subspecies of big sagebrush in

Central Oregon. These subspecies, Wyoming big sagebrush, mountain

big sagebrush, and basin big sagebrush are widely distributed and

are generally the target species for sagebrush control programs in

Central Oregon.

Three types of range improvement techniques (referred to as a

treatment type) were chosen for this study. They were (1) mechanical

plowing in the spring or summer followed by seeding in the fall with

crested wheatgrass (Agropyron desortorum), referred to as "plow-seed";

(2) spraying in the spring with 2,4-D, followed by seeding in the fall

with crested wheatgrass, referred to as "spray-seed"; and (3) spraying

with 2,4-D in the spring with no seeding but instead permitting natural

revegetation, referred to as "spray-release." These three improvement

techniques are by far the most popular sagebrush control techniques

used in Central and Eastern Oregon.

Distinct age classes of range improvements were examined. The

age classes ranged from one to ten years old. All age classes were

not studied for all treatment types because all classes did not exist

within the area.
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The following outline shows the treatment type, habitat type, and

age classes of improvements used in this study.

I. Spray-seed

A. Wyoming big sagebrush-Thurber needlegrass

1. one year old

2. three years old

3. four years old

4. six years old

5. six years old

II. Plow-seed

A. Wyoming big sagebrush-Thurber needlegrass

1. three years old

2. six years old

3. seven years old

4. ten years old

B. Basin big sagebrush-bluebunch wheatgrass-bottlebrush

squirreltail

1. one year old

III. Spray-release

A. Wyoming big sagebrush-Thurber needlegrass

1. four years old

B. Wyoming big sagebrush-bluebunch wheatgrass

1. six years old

C. Mountain big sagebrush-Idaho fescue

1. six years old
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D. Basin big sagebrush-bluebunch wheatgrass-bottlebrush

squirreltail

1. four years old

Sampling Design

At each of the 14 sampling locations a treatment type was de-

lineated and an untreated area of the same habitat type was selected.

The treated and untreated areas were, when possible, selected on units

under the same management or ownership. In some cases, however, the

treated and untreated areas were across fences from each other in

different management and ownership units. Sampling was conducted

during three periods with three replications during the summer of

1973. During the first period in early summer, frequency measurements

of annuals were recorded. In mid-summer cover measurements of per-

ennial vegetation were collected. Later in mid-summer frequency and

density of perennial vegetation was measured.

Sampling Techniques

Frequency and Density

Five randomly selected line transects were sampled in each of

three replications per treatment location. Frequency measurements

were collected by selecting a random point and stretching a 100 foot

tape in a random direction from the point. Presence or absence of

plant species was recorded in a 1 by 2 foot plot at ten foot incre-

ments (Heddle, 1933; Stearns, 1958; and Tueller et al., 1972).
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Density was measured in a similar manner except numbers of plants

present per plot was recorded (Brown, 1954; Strickler and Stearns,

1962). A plant was regarded as being present in the plot if any part

of its root system was inside the perimeter.

Cover

Three randomly selected line transects were sampled in each of

the three replications per sampling location. The line intercept tech-

nique was used to determine foliage cover (Canfield, 1941). One end

of a 100 foot tape was fixed at a random point and the tape was stretch-

ed in a random direction. One end of the tape was attached to a spring

which kept the tape tight while also allowing for some flexibility.

Foliage area (the area of ground covered by the vertical projection of

the vegetation) was recorded for each species in feet and tenths of

feet that intercepted the tape. Species that had been grazed or par-

tially removed were recorded as though they were undisturbed (a mental

reconstruction of the disturbed part of the plant was measured). If

two plant species overlapped, both were recorded by the amount they

each intercepted the tape.

Data Analysis

Frequency data for each treatment was totaled by location to

find the number of hits and misses per species. The total hits and

misses on the treated areas were compared to the total hits and misses

collected on the untreated area by using chi square test for indepen-

dence (Steel and Torrie, 1960).
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Density data were totaled for the five transects with three

replications for each species. Density data from treated areas were

compared statistically to density data from the untreated areas with

the Student's t-test (Steel and Torrie, 1960).

Cover data were totaled for the three transects with three

replications for each species. Density differences between treated

and untreated areas were compared statistically with the Student's

t-test (Steel and Torrie, 1960). Throughout this paper the term

significant difference refers to a probability level of less than 0.05.

Photo Interpretation

Earth Resource Technology Satellite (ERTS) imagery (scale 1:

1,000,000, color reconstitution) was used to gain an overall view of

the study area. Individual range improvements were identified but

because of the small scale, no attempt to measure acres of improved

areas was made (Colwell, 1960).

High flight photography (scale 1:120,000, color infrared) covered

the study area except around Stauffer, 30 miles southeast of Hampton,

Oregon. Signatures of different known range improvement treatment

types (i.e. plow-seed, spray-seed, and spray-release) were identified

on the ground, then located on the photos. After gaining familiarity

with each treatment signature, other improved areas within the study

area were delineated and classified as a treatment type. The delineated

improved areas for each treatment type were measured for area by the

electric grid dot method (Avery, 1969). An area, one section in size,

was delineated on the photo by use of a topographic map (scale 1 inch=
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1 mile) supplied by Crook County Extension Service. This known area

was measured first by the electric dot method to obtain an acres per

dot factor. Each delineated treatment type was measured and the total

number of dots for each treatment type was multiplied by the acres per

dot factor to obtain the total acreage of each treatment.
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RESULTS AND DISCUSSION

Vegetation Response to Improvement Treatments
on Different Habitat Types

Plant response to treatments were examined based on habitat

types. Throughout the text plant responses (i.e. increased, decreased,

or no change) are given for treated areas as compared to untreated

areas.

Response of Annual Vegetation to Spray-Seed Manipulations

The five sampling locations treated by spraying 2,4-D and seeding

crested wheatgrass were 1, 3, 4, 6, and 6 years old. All five samp-

ling locations were in the Wyoming big sagebrush-Thurber needlegrass

habitat type.

Frequency. Cheatgrass remained unchanged in frequency on the one-

year-old seeding (Table 2). Cheatgrass increased in frequency on the

three and four-year-old seedings and'on one six-year-old seeding.

Cheatgrass decreased on the other six-year-old seeding. The greatest

frequency recorded for cheatgrass was 71% on the treated area of the

four-year-old seeding. Two untreated sampling locations, one and

three-years old, had no cheatgrass recorded. Littleflower collinsia

(Collinsia parviflora) increased in frequency on the three and four-

year-old seedings and on one six-year-old seeding. Littleflower

collinsia decreased on the one-year-old seeding and was unchanged on

the other six-year-old seeding. Pinnate tansymustard increased in



Table 2. Response of Annual Vegetation Frequency to Spray-Seed Manipulations for 1-6 Years After

Treatment.

Species:

Grass

ARTWRY-STTH1/

FrequencyPercent

1 year?/ 3 years 4 years 6 years 6 years

U3/ T4/ R5/ U T R U T R U T R U T R

Cheatgrass 0 2 nc 0 5 in 25 71 in 4 10 in 61 50 de

Forbs
---rfttleflower collinsia 21 1 de 21 77 in 13 57 in 80 97 in 4 1 nc

Pinnate tansymustard 19 7 de 19 31 in 27 31 nc 2 31 in 20 39 in

Pink microsteris 60 23 de 60 77 in 53 87 in 0 5 in 26 72 in

Hairstem groundsmoke 0 1 nc 0 3 in

Clasping pepperweed 0 2 nc

False yarrow 1 0 nc

1/ Wyoming big sagebrush-Thurber needlegrass habitat type.
2/ Age of treatment in years.
3/ U ntreated area of sampling location.
47 T reated area of sampling location.
5/ R esponse of plant species. Frequency increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
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frequency on the three and both six-year-old seedings. Pinnate tansy-

mustard increased in frequency on the three and both six-year-old

seedings. Pinnate tansymustard decreased on the one-year-old seeding

and was unchanged on the four-year-old seeding. Pink microsteris

(Microsteris gracilis) increased in frequency for all ages of treatments

except the one-year-old treatment. Hairstem groundsmoke was unchanged

in frequency on the one-year-old treatment and increased in frequency

on the one six-year-old treatment. False yarrow (Chaenactis douglasii)

and clasping pepperweed (Lepidium perfoliatum) were found on one six-

year-old seeding. They both remained unchanged in frequency on treated

areas compared to untreated areas.

The frequency of annual vegetation decreased on the one-year-old

seeding in response to the spray-seed treatment (except for hairstem

groundsmoke which had a frequency of 1% and 0% on treated and untreated

area respectively). The same annual species on the three, four, and

both six-year-old seeding increased in response to treatment. One

factor probably responsible for this was soil disturbance that resulted

from drilling crested wheatgrass. This disturbance gave the annuals

an opening in which to grow.

Response of Perennial Vegetation to Spray-Seed Manipulations

Frequency. Wyoming big sagebrush exhibited a decline in frequency on

the one, three, and four-year-old seedings and one six-year-old seeding

when compared to the respective untreated area (Table 3). It was un-

changed on the other six-year-old seeding. Frequency for Wyoming big

sagebrush on treated areas ranged from 2% to 10% and on untreated areas



Table 3. Response of Perennial
Treatment.

Species:

Grass

Vegetation Frequency to Spray-Seed Manipulations

Frequency

for 1-6 Years After

ARTWRY-STTNY

Percent

year?/ 3 years 4 years 6 years 6 years

U3/ T4/ R5/ U T R U T R UTR UTR
Crested wheatgrass 0 75 in 0 18 in 0 42 in 0 37 in 0 67 in

Bottlebrush squirreltafi 40 30 nc 40 25 de 30 17 de 19 29 in 27 15 de

Thurber needlegrass 4 0 de 4 4 nc 5 4 nc 26 23 nc 38 19 de
Sandberg bluegrass 0 2 nc 1 1 nc 4 8 nc

Giant wildrye 2 2 nc 1 0 nc 2 0 nc

Junegrass 1 0 nc 5 3 nc

Sedge 15 0 de 5 19 in

Indian ricegrass 7 7 nc 14 7 de

Needleandthread 40 24 de 11 2 de

Idaho fescue 7 1 de

Forbs
Loco weed 4 9 nc 0 3 in 2 0 nc 3 0 de

Longleaf phlox 7 0 de 7 15 in 15 0 de 4 3 nc

Lupine 2 0 nc 2 6 nc 2 4 nc

Spreading phlox 2 4 nc 0 2 nc

Biscuitroot 7 0 de
Cushion buckwheat 3 0 de

Shrubs
Wyoming big sagebrush 25 6 de 26 2 de 22 6 de 19 10 de 7 8 nc

Green rabbitbrush 2 3 nc 2 4 nc 11 6 nc 4 15 in 27 10 de

Gray horsebrush 2 3 nc

Gray rabbitbrush 5 5 nc

1/ Wyoming big sagebrush-Thurber needlegrass habitat type.
2/ Age of treatment in years.



Table 3. Continued.

3/ Untreated area of sampling location.
4/ Treated area of sampling location.
5/ Response of plant species. Frequency increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
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ranged from 7% to 25%. Green rabbitbrush was found unchanged on the

one, three, and four-year-old seedings. It increased in frequency on

one six-year-old seeding and decreased on the other six-year-old seed-

ing. Frequency for green rabbitbrush on treated areas ranged from 3%

to 15% and on untreated areas ranged from 2% to 27%. Gray rabbitbrush

was unchanged in frequency on one six-year-old seeding, the only seed-

ing on which it was found. Gray horsebrush was unchanged in frequency

on the four-year-old seeding, the only seeding on which it was found.

Crested wheatgrass increased in frequency after treatment on

all ages of treatment. Its frequency ranged from 18% on the three-year-

old seeding to 75% on the one-year-old seeding. It was not found on un-

treated areas. Giant wildrye (Elymus cinerus) remained unchanged in

frequency on the four-year-old treatment and both six-year-old treat-

ments. Sandberg bluegrass was unchanged in frequency on the one and

four-year-old seedings and on one six-year-old seeding. Frequency of

Sandberg bluegrass on treated areas ranged from 2% to 8% and on un-

treated areas ranged from 0% to 4%. Needleandthread decreased in fre-

quency after treatment on both six-year-old seedings, the only seedings

on which it was found. Frequency for needleandthread on treated areas

was 2% and 24% and on untreated areas was 11% and 40% respectively.

Junegrass was unchanged in frequency on the four-year-old seeding and

one six-year-old seeding. Its frequency ranged from 0% to 3% on

treated areas and 1% and 5% on untreated areas. Sedge (Carex sp.) in-

creased on one six-year-old seeding and decreased in frequency on the

other six-year-old seeding. Idaho fescue was present on one six-

year-old treatment and decreased in frequency. Its frequency on the
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untreated area was 7% and the treated area was 1%. Indian ricegrass

decreased in frequency in response to the spray -seed treatment on one

six-year-old seeding and did not change on the other six-year-old

seeding. Bottlebrush squirreltail decreased in frequency on the three

and four-year-old seedings and one six-year-old seeding. It was un-

changed on the one-year-old seeding and increased on the other six-year-

old seeding. Frequency for bottlebrush squirreltail ranged from 15%

to 30% on treated areas and from 19% to 40% on untreated areas. Thur-

ber needlegrass decreased in frequency on the one-year-old seeding and

on a six-year-old seeding. It was unchanged on three and four-year-old

seedings and the other six-year-old seeding. Frequency for Thurber

needlegrass on treated areas ranged from 0% to 23% and on untreated

areas ranged from 4% to 38%.

Loco weed increased in frequency on the three-year-old seeding,

decreased on a six-year-old seeding, and remained unchanged on the

one and four-year-old seedings. Lupine was unchanged in frequency on

the one and four-year-old seedings. Biscuitroot (Lomatium sp.) de-

creased in frequency on the one-year-old seeding, the only seeding on

which it was found. Spreading phlox decreased in frequency on one six-

year-old seeding and was unchanged on the four-year-old seeding and on

the other six-year-old seeding. Longleaf phlox decreased in frequency

on the one and four-year-old seedings, was unchanged on a six-year-

old seeding, and increased on the three-year-old seeding. Cushion

buckwheat (Eriogonum ovalifolium) decreased in frequency on the one-

year-old seeding, the only treatment on which it was found.
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Density. Wyoming big sagebrush was reduced in density on the one,

three, and four-year-old seedings and a six-year-old seeding and was

unchanged on the other six-year-old seeding after the spray-seed

treatment (Table 4). Density of Wyoming big sagebrush on treated

areas ranged from 1 to 5 plants per 100 ft2 and on untreated areas

ranged from 3 to 17 plants per 100 ft2. Green rabbitbrush was not

affected in density on the one and three-year-old seeding, was re-

duced in density on the four-year-old seeding and a six-year-old

seeding, and increased in density on the other six-year-old seeding.

Gray horsebrush was found unchanged in density on the four-year-old

seeding, the only seeding on which it was found.

Crested wheatgrass increased in density for all ages of treat-

ment. Density for crested wheatgrass on treated areas ranged from 11

to 128 plants per 100 ft2. Crested wheatgrass was not found on un-

treated areas. Giant wildrye and junegrass did not change in density

on the seedings on which they were found. Sedge decreased in density

on one six-year-old seeding and did not change in density on the other

six-year-old seeding. Indian ricegrass did not change in density

on one six-year-old seeding and decreased on the other six-year-old

seeding. Idaho fescue decreased in density after treatment on

one of the six-year-old seedings, the only location where it was

found. Density for Idaho fescue on the treated area was less than 1

plant per 100 ft2 and on the untreated area was 3 plants per 100 ft2.

Sandberg bluegrass was unchanged in density on the one and four-year-

old seedings and increased on one six-year-old seeding. Thurber



Table 4. Response of Perennial Vegetation Density to Spray-Seed Manipulations for 1-6 Years After
Treatment.

ARTWRY-STTNY

Density

Species: 1 year?/ 3 years 4 years 6 years 6 years

U3/ T4/ R5/ U T R U T R U T R U T R

Grass
Crested wheatgrass 0 127 in 0 11 in 0 32 in 0 30 in 0 55 in

Bottlebrush squirreltail 32 21 de 32 16 de 20 12 de 11 19 in 16 8 de

Thurber needlegrass 3 0 de 3 2 nc 3 2 nc 18 13 nc 25 11 de

Sandberg bluegrass 0 1 nc 1 1 nc 2 5 in

Junegrass
Giant wildrye

1 0 nc

1 1 nc

3 0 nc
t6/ 0 nc

1 2 nc

Sedge 38 0 de 17 41 nc

Indian ricegrass 3 4 nc 7 0 de

Needleandthread 31 18 de 6 1 de

Idaho fescue 3 t de

Forbs
Lupine 1 0 nc 1 3 nc 1 2 nc

Spreading phlox 1 2 nc 2 0 nc 1 0 nc

Longleaf phlox 4 0 de 4 10 in

Loco weed 0 1 nc

Cushion buckwheat 2 0 nc

Shrubs
Wyoming big sagebrush 17 3 de 17 1 de 13 3 de 10 5 de 3 4 nc

Green rabbitbrush 1 2 nc 1 2 nc 6 3 de 2 10 in 15 5 de

Gray horsebrush 1 1 nc

1/ Wyoming big sagebrush-Thurber needlegrass habitat type.
2/ Age of treatment in years.
3/ Untreated area of sampling location.



Table 4. Continued.

4/ Treated area of sampling location.
5/ Response of plant species. Density increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
6/ A trace (less than 1 plant per 100 ft2) was found on the area.
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needlegrass decreased in density on the one-year-old seeding and a

six-year-old seeding and was unchanged on the three, four, and other

six-year-old seedings. Density of Sandberg bluegrass on the treated

area ranged from 0 to 13 plants per 100 ft2 and on the untreated area

ranged from 3 to 25 plants per 100 ft2. Bottlebrush squirreltail de-

creased in density on the one, three, and four-year-old seedings and

a six-year-old seeding and increased on the other six-year-old seeding.

Density of bottlebrush squirreltail on treated areas ranged from 8 to

21 plants per 100 ft2 and on untreated areas ranged from 11 to 32

plants per 100 ft2. Needleandthread decreased in density on both six-

year-old seedings. Density of needleandthread on the treated areas

were 1 and 18 plants per 100 ft2 and on the untreated areas were 6 and

31 plants per 100 ft2.

Loco weed, spreading phlox, lupine and cushion buckwheat were

unchanged in density on the seedings on which they were found. Long-

leaf phlox thickened in density after treatment on the three-year-old

seeding and was reduced in density on the one-year-old seeding.

The spray-seed treatment generally decreased sagebrush density

while at the same time it increased the density of perennial grasses

and forbs (Figure 3), The ratio of density of perennial grasses and

forbs to density of sagebrush increased by manyfold. For example, the

ratio of the density of perennial grasses and forbs to density of

sagebrush for the one-year-old seeding before and after treatment was

2.4 and 50.3 respectively. Most of the increase in density of her-

baceous vegetation was due to the establishment of crested wheatgrass.
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Figure 3. Ratio of density of perennial herbaceous vegetation to
density of sagebrush for spray-seed treatments.
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2/ Ratio on untreated area of sampling location.

3/ Ratio of density of herbaceous vegetation to density of sagebrush.

4/ Wyoming big sagebrush-Thurber needlegrass habitat type.
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Cover. Wyoming big sagebrush decreased in cover on the one, three, and

four-year-old seedings and on a six-year-old seeding after the spray-

seed treatment (Table 5), It was unchanged in cover on the other six-

year-old seeding. Cover of Wyoming big sagebrush on treated areas

ranged from 0% to 3% and on untreated areas ranged from 3% to 18%.

Green rabbitbrush decreased in cover on the four-year-old seeding and

a six-year-old seeding. It was unchanged on the one and three-year-old

seedings. Cover of green rabbitbrush on treated areas ranged from 0%

to 2% and on untreated areas ranged from less than 1% to 13%. Cover

of gray horsebrush was unchanged on a six-year-old seeding, the only

seeding on which it was found.

Crested wheatgrass increased in cover on all ages of treatments.

Cover of crested wheatgrass ranged from 1% to 9% on treated areas;

crested wheatgrass was not found on untreated areas. Giant wildrye,

Idaho fescue, and Sandberg bluegrass were unchanged in cover on the

respective seedings on which they were found. Bottlebrush squirrel

tail was unchanged in cover on one and four-year-old seedings and de-

creased in cover on the three and both six-year-old seedings. Its

cover on treated areas ranged from 1% to 2% and on untreated areas

ranged from 2% to 4%. Thurber needlegrass was unchanged on one, three,

and four-year-old seedings. Thurber needlegrass increased on one six-

year-old seeding, and decreased on the other six-year-old seeding.

Cover for Thurber needlegrass on treated areas ranged from less than 1%

to 3% and on untreated areas ranged from less than 1% to 4%.

Cover of loco weed, lupine, Hoods phlox, and longleaf phlox was



Table 5. Response of Perennial
Treatment.

Species:

Vegetation Cover to Spray-Seed Manipulations for 1-6 Years After

ARTRWY- STTHI/

Percent Cover

1 year2/ 3 years 4 years 6 years 6 years

U3/ T4/ R5/ U T R T R U T R U T R

Grass
Crested wheatgrass 0 4 in 0 1 in 0 5 in 0 8 in 0 9 in

Sandberg bluegrass t6/ t nc t t nc 1 0 nc 1 t nc 0 1 nc

Bottlebrush squirreltail 3 2 nc 3 2 de 2 1 nc 2 1 de 4 1 de

Thurber needlegrass t t nc t t nc t t nc 4 1 de 1 3 in

Sedge
Giant wildrye 1 t nc

0 t in t 0

1 0

de
nc

Needleandthread
Junegrass

7 1 de 2 0

t 0

de
de

Idaho fescue 1 1 nc

Bluebunch wheatgrass t 0 de

Forbs
Loco weed 0 t nc t t nc

Cushion buckwheat t 0 nc 1 0 de

Spreading phlox
Longleaf phlox
Hoods phlox
Lupine

0 t nc t 0 nc

t 0 nc

1 0 nc

t 0 nc 1 0 de

Shrubs
Wyoming big sagebrush 18 1 de 18 0 de 18 2 de 3 2 de 4 3 nc

Green rabbitbrush t t nc t 0 nc 1 t de 3 1 de 13 2 de

Gray horsebrush 0 t nc

1/ Wyoming big sagebrush-Thurber needlegrass habitat type.
2/ Age of treatment in years.

c,)

3/ Untreated area of sampling location. 0D



Table 5. Continued.

4/ Treated area of sampling location.
5/ Response of plant species. Cover increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
6/ A trace (less than 1%) was found on the area.
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unaffected on the seedings on which they were found. Spreading phlox

and cushion buckwheat each decreased in cover on one six-year-old

seeding and were unchanged on the other six-year-old seeding. Cover

of forbs on treated areas was, in all cases, less than 1% and on un-

treated areas was never more than 1%.

In summary, crested wheatgrass was the only plant species that

increased in representation ( a combination of frequency, density, and

cover) on the treated areas compared to untreated areas following

spray-seed treatment on the Wyoming big sagebrush-Thurber needlegrass

habitat type. Sandberg bluegrass, giant wildrye, junegrass, loco weed,

lupine, spreading phlox, gray rabbitbrush, and gray horsebrush gen-

erally showed no change in representation. Bottlebrush squirreltail,

needleandthread, Idaho fescue, and Wyoming big sagebrush decreased in

representation. Thurber needlegrass, sedge, Indian ricegrass long-

leaf phlox, cushion buckwheat, and green rabbitbrush were mixed in

their individual representation; on treated areas each species in

creased, decreased, and showed no change compared to untreated areas

following spray-seed on this habitat type.

General trends that developed on the spray-seed treatments showed

frequency, density, and cover of native perennial grasses decreased

following treatment for about half of the sample plots and showed no

change on the other half of the plots. Analysis of frequency response

of perennial forbs before and after treatment showed six times fre-

quency decreased, eight times. frequency did not change, and two times

frequency increased. Cover and density measurements of perennial
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forbs showed the majority of the responses did not change following

the spray-seed treatment. Frequency, density, and cover generally did

not change for shrubs except sagebrush. These trends observed gener-

ally agreed with work done by Hedrick et al. (1966) on the Wyoming big

sagebrush-Thurber needlegrass habitat type.

Frequency, density, and cover of sagebrush decreased after treat-

ment except on one six-year-old seeding where it did not change. On

that particular six-year-old seeding, frequency, density, and cover of

sagebrush on the untreated area. was low as compared to the untreated

areas of the other seedings. On that same six-year-old seeding, green

rabbitbrush on the untreated area was present in greater densityfre-

quency, and cover than any of the other untreated areas. The frequen-

cy, density and cover of green rabbitbrush on this six-year-old seed-

ing was at least twice that amount for frequency, density, and cover

of Wyoming big sagebrush. Since green rabbitbrush was the most dom-

inant shrub on the untreated area of this seeding, it was probably the

target of the spray application on the treated area. If this area was

sprayed to control green rabbitbrush, it probably was sprayed later

in the spring that would normally have been the case because green

rabbitbrush is more susceptible to 2,4-D at a later date in the spring

than sagebrush (Ryder et al., 1958). If this area was sprayed later

in the spring than normal, then the percent of sagebrush killed would

be expected to be lower than normal (Nyder et al., 1958)..

More perennial grasses were found on the two six-year-old

seedings than on any of the other seedings. These two six- year -old
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seedings had a more sandy soil than the other seedings. According to

Buckman and Brady (1967) sandy soil gives up water more easily to

plants than do soils with less sand and more clay. Needleandthread

and Indian ricegrass were found on the two six-year-old seedings and

not on the other seedings. These two plant species are used as in-

dicators of sandy soil (Winward, 1970).

The three-year-old seeding had the largest decrease in frequency,

density, and cover of sagebrush but also had the smallest increase in

frequency, density, and cover for crested wheatgrass. Weather records

show that precipitation during the fall of 1970 and the spring of 1971

was below normal. This was probably the reason crested wheatgrass

did not become better established than it did. Also, the soil on this

seeding was gravelly and had several large rocks exposed to the sur-

face. It is more difficult to drill crested wheatgrass on gravelly or

rocky soil than on finer textured soils. The drill does not penetrate

to the proper seeding depth, and the rocks will force the drill out of

the soil (Pechanec et al., 1965).

Indian ricegrass, bottlebrush squirreltail, and Thurber needle-

grass all decreased in frequency and density on one six-year-old seed-

ing while on the other six-year-old seeding these same species either

did not change or increased in frequency and density. The six-year-

old seeding on which the three species above decreased in frequency

and density had approximately twice the density and frequency of

crested wheatgrass than the other six-year-old seeding. It appeared

that crested wheatgrass had out-competed Indian ricegrass, bottle-

brush squirreltail, and Thurber needlegrass probably because the
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the native species were more preferred by livestock. Tueller (1962)

described Indian ricegrass and Thurber needlegrass as decreaser plant

species in work done on big sagebrush -Thurber needlegrass habitat type.

Response of Annual Vegetation to Plow-Seed Manipulations

The five plow-seed treatments locations measured included four

treatments in the Wyoming big sagebrush-Thurber needlegrass habitat

type and one treatment in the basin big sagebrush-bluebunch wheatgrass-

bottlebrush squirreltail habitat type. The ages of the treatments in

the Wyoming big sagebrush-Thurber needlegrass habitat type were 3, 6,

7, and 10 years old. The age of the treatment in the basin big sage-

brush-bluebunch wheatgrass-bottlebrush squirreltail habitat type was

one year old.

Frequency. Cheatgrass in the basin big sagebrush-bluebunch wheatgrass-

bottlebrush squirreltail habitat type decreased in frequency after the

plow-seed treatment (Table 6). Frequency of cheatgrass on the treated

and untreated area was 4% and 13% respectively. Pinnate tansymustard,

hairstem groundsmoke, and clasping pepperweed increased in frequency.

Littleflower collinsia had 7% frequency on the untreated area but was

absent on the plow-seed treatment. Pink microsteris and menzies

fiddleneck were unchanged in frequency on this habitat type.

Cheatgrass in the Wyoming big sagebrush-Thurber needlegrass habi-

tat type decreased in frequency on the six-year-old seeding and re-

mained unchanged in frequency on the three, seven, and ten-year-old

s edings. Frequency of cheatgrass for treated areas ranged from 4%



Table 6. Response of Annual
Treatment.

Vegetation Frequency

---ARTRTR-AGSP-1/
SIHY

to Plow-Seed Manipulations for 1-10 Years After

2/
-ARTRWY-STTH

Percent Frequency

Species: 1 year3/ 3 years 6 years 7 years 10 years

U4/ T5/ R6/ U T R U T R U T R U T R

Grass
13 4 de 7 5 nc 6 26 de 9 9 nc 9 9 ncCheatgrass

Forbs
Littleflower collinsia 7 0 de 0 6 in 4 8 nc 73 14 de 73 3 de

Pinnate tansymustard 14 33 in 9 20 in 20 43 in 15 6 in 15 21 nc

Clasping pepperweed 0 19 in 0 3 in 2 15 in 0 4 in 0 11 in

Pink microsteris 51 41 nc 49 14 de 26 59 in 41 77 in 41 89 in

False yarrow 1 0 nc 7 0 de 7 3 nc

Hairstem groundsmoke 4 11 in 0 3 in

Fiddleneck menzies 3 t7/de

1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type.
2/ W yoming big sagebrush-Thurber needlegrass habitat type.
3/ A ge of treatment in years.
4/ Untreated area of sampling location.
5/ T reated area of sampling location.
6/ R esponse of plant species. Frequency increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
7/ A trace (less than 1%) was found on the area.
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to 26% and for untreated areas ranged from 7% to 61%. Hairstem ground-

smoke and clasping pepperweed increased in frequency on the seedings

on which they were found. Pinnate tansymustard increased in frequency

on the three and six-year-old treatments. It decreased on the seven-

year-old treatment and did not change on the ten-year-old treatment.

Pink microsteris decreased in frequency on the three-year-old seeding

and increased on the six, seven, and ten-year-old seedings. Menzies

fiddleneck decreased in frequency on the six-year-old treatment, the

only treatment on which it was found. False yarrow decreased in

frequency on the seven-year-old treatment and did not change signifi-

cantly on the six and ten-year-old treatments. Littleflower collinsia

decreased in frequency on the seven and ten-year-old treatment and was

found unchanged in frequency on the six-year-old treatment.

There did not appear to be any significant differences in fre-

quency response between annual vegetation on the two habitat types.

The annual vegetation increased in frequency the first six years after

treatment and then generally decreased in the seventh and tenth years

after treatment. The increase in frequency of annual vegetation prob-

ably resulted from the area being plowed. The plowed area had less

competition from perennial vegetation so that the annuals were able to

grow. When crested wheatgrass became established, it filled in open-

ings and out-competed the annuals. These results compare favorably

with work done by Urness (1966), Urness found annual vegetation in-

creased in frequency after plow-seed treatment, then decreased after

seeded species became established.
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Response of Perennial Vegetation to Plow-Seed Manipulations

Frequency. Basin big sagebrush in the basin big sagebrush-bluebunch

wheatgrass-bottlebrush squirreltail habitat type decreased in fre-

quency after plow-seed treatments (Table 7). Frequency on treated and

untreated areas for basin big sagebrush was 7% and 39% respectively.

Green rabbitbrush decreased on this habitat type after treatment.

Frequency of green rabbitbrush on treated and untreated area was 11%

and 57% respectively. Crested wheatgrass increased in frequency after

treatment. Frequency for crested wheatgrass on the treated and un-

treated area was 49% and 0%. Giant wildrye and bottlebrush squirrel-

tail decreased in frequency after treatment. Neither one was found

on the treated area. Yarrow, lupine, and longleaf phlox decreased in

frequency on this habitat type. Veiny dock increased in frequency

following plow-seed treatment.

Wyoming big sagebrush on the Wyoming big sagebrush-Thurber

needlegrass habitat type decreased in frequency on the six and seven-

year-old seedings and showed no difference on the three and ten-year-

old seedings (Table 7). Frequency for Wyoming big sagebrush on

treated areas ranged from 1% to 13% and on untreated areas ranged

from 7% to 20%. Gray rabbitbrush decreased in frequency on the sev-

en-year-old treatment and was unchanged on the three and ten-year-

old treatments. Green rabbitbrush decreased in frequency on the six

and seven-year-old seedings and was unchanged on the three and ten-

year-old seedings. Frequency for green rabbitbrush on treated areas

ranged from 1% to 16% and on untreated areas ranged from 1% to 27%.



Table 7. Response of Perennial Vegetation Frequency to Plow-Seed Manipulations for 1-10 Years After

Treatment.

--ARTRTR-AGSP-1/
SIHY

ARTRWY-STTH-2-/

Percent Frequency

Species: 1 year3/ 3 years 6 years 7 years 10 years

U4/ T5/ R6/ U T R U T R U T R U T R

Grass
Crested wheatgrass 0 49 in 0 15 in 0 77 in 0 87 in 0 88 in

Thurber needlegrass 1 0 nc 38 0 de 24 5 de 24 11 de

Bottlebrush squirreltail 59 0 de 17 12 nc 27 24 nc 27 7 de

Sedge 5 0 de 13 6 de 13 0 de

Giant wildrye 7 0 de 1 2 nc 2 0 nc

Indian ricegrass 14 0 de 9 3 de 9 0 de

Sandberg bluegrass 4 0 de 5 0 de 5 0 de

Needleandthread 11 0 de 58 3 de 58 0 de

Junegrass 1 0 de

Forbs
Loco weed 1 0 nc 5 0 de 0 3 in 1 0 nc 1 0 nc

Longleaf phlox 25 6 de 2 8 in 3 1 in 0 3 in

Lupine 27 11 de 6 2 nc

Yarrow 22 3 de

Cushion buckwheat 3 0 de

Biscuitroot 0 5 in

Spreading phlox 3 0 de

Veiny dock 8 25 in

Shrubs
Green rabbitbrush 57 11 de 12 16 nc 27 9 de 19 5 de 1 1 nc

Wyoming big sagebrush 20 13 nc 7 1 de 13 2 de 13 9 nc

Gray rabbitbrush 16 9 nc 10 3 de 10 5 nc

Basin big sagebrush 39

Gray horsebrush 1 0 nc



Table 7. Continued.

1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type.

2/ Wyomir;2 big sagebrush-Thurber needlegrass habitat type.
3/ A ge of treatment in years.
4/ U ntreated area of sampling location.
5/ Treated area of sampling location.
6/ R esponse of plant species. Frequency increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
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Crested wheatgrass increased in frequency on all seedings. Frequency

for crested wheatgrass on treated areas ranged from 15% to 88%.

Crested wheatgrass was not found on untreated areas. Sedge, june-

grass, Indian ricegrass, Sandberg bluegrass, and needleandthread de-

creased in frequency on treated areas following seeding and plowing.

Frequency for the species listed above on treated areas were 0% ex-

cept for sedge which had frequency of 6% on the seven-year-old seed-

ing and needleandthread which had frequency of 3% on the seven-year-

old seeding. Frequency for the above species on untreated areas were

as high as 14% except for needleandthread which had a frequency of

58% on the seven and ten-year-old seedings. Giant wildrye showed no

change in frequency on the three and six-year-old seedings. Bottle-

brush squirreltail decreased in frequency on the seven-year-old treat-

ment and showed no change on the three and six-year-old treatments.

Frequency of squirreltail on treated areas ranged from 0% to 24% and

on untreated areas ranged from 17% to 59%. Thurber needlegrass de-

creased in frequency on the six, seven, and ten-year-old seedings and

showed no change on the three-year-old seeding. Frequency of Thurber

needlegrass on treated areas ranged from 0% to 11% and on untreated

areas ranged from 1% to 38%. Loco weed showed no change on the seven

and ten-year-old seedings, decreased on the three-year-old seeding

and increased on the six-year-old seeding. Yarrow, spreading phlox,

and cushion buckwheat decreased in frequency on the seedings on which

they were found. Longleaf phlox increased in frequency on the three-

year-old seeding and showed no change on the six-year-old seeding.

Lupine showed no change in frequency on the three-year-old seeding.



50

Density. Basin big sagebrush on the basin big sagebrush-bluebunch

wheatgrass-bottlebrush squirreltail habitat type decreased in density

after plow-seed treatment (Table 8). Density of basin big sagebrush

before and after treatment was 24 and 4 plants per 100 ft2 respective-

ly. Green rabbitbrush decreased in density after treatment from 47

to 6 plants per 100 ft2. Crested wheatgrass increased in density

after treatment from 0 to 47 plants per 100 ft2. Giant wildrye and

bottlebrush squirreltail decreased after treatment. Neither one was

found on treated areas, and density on the untreated area for giant

wildrye was 3 plants per 100 ft2 and for bottlebrush squirreltail was

54 plants per 100 ft2. Yarrow, cushion buckwheat, lupine, and

spreading phlox were found to have decreased in density after treat-

ment on this habitat type. Density of lupine before and after treat-

ment was 16 and 5 plants per 100 ft2 respectively.

Wyoming big sagebrush on the Wyoming big sagebrush-Thurber

needlegrass habitat type decreased in density after plow-seed treat-

ment on the three and seven- year -old seedings and showed no change on

the six and ten-year-old seedings. Density of Wyoming big sagebrush

on treated areas ranged from 1 to 6 plants per 100 ft2 and on un-

treated areas ranged from 3 to 12 plants per 100 ft2. Gray rabbit-

brush showed no change in density after treatment on the three-year-

old seeding and showed a decrease in density on the seven and ten-

year-old seedings. Green rabbitbrush decreased on the six and seven-

year-old seedings and showed no change on the three and ten-year-old

seedings. Density of green rabbitbrush on treated areas ranged from

less than 1 to 8 plants per 100 ft2 and on untreated areas ranged



Table 8. Response of Perennial Vegetation Density to Plow-Seed Manipulations for 1-10 Years After

Treatment.

Species:

Grass

--ARTRTR-AGSP-1/
S1HY ft2)

ARTRWY-STTRY

Density (plants per 100

1 year 3/ 3 years 6 years 7 years 10 years

U4/ T5/ R6/ U T R U T R U T R U T R

(rested Wheatgrass 0 47 in 0 8 in 0 88 111 0 68 in 0 76 in

Bottlebrush squirreltail 54 0 de 12 6 de 16 16 nc 16 3 de

Thurber needlegrass 1 0 nc 25 0 de 15 3 de 15 6 de

Needleandthread 6 0 de 48 1 de 48 0 de

Sandberg bluegrass 2 0 de 2 0 de 2 0 de

Indian ricegrass 7 0 de 5 1 nc 5 0 de

Sedge 17 0 nc 37 9 nc 37 0 nc

Giant wildrye 3 0 de 1 1 nc 1 0 nc

Junegrass 1 0 nc

Forbs
Loco weed 1 0 nc 1 0 nc 1 0 nc

Lupine 16 5 de 3 1 nc

Longleaf phlox 20 3 de 0 gin
Yarrow 17 3 de

Cushion buckwheat 2 0 nc

Shrubs
Green rabbitbrush 47 6 de 8 8 nc 15 5 de 11 3 de t t nc

Wyoming big sagebrush 12 6 de 3 1 nc 7 1 de 7 5 nc

Gray rabbitbrush 8 6 nc 6 1 de 6 2 de

Basin big sagebrush 24 4 de

Gray horsebrush t 0 nc

1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type.

27 Wyoming big sagebrush-Thurber needlegrass habitat type.
3/ Age of treatment in years. CT1



Table 8. Continued.

4/ Untreated area of sampling location.
5/ Treated area of sampling location.
6/ Response of plant species. Density increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
77 A trace (less than 1 plant per 100 ft2) was found on the area.
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from less than 1 to 15 plants per 100 ft2. Crested wheatgrass increas-

ed in density on all seedings on all age classes. Density of crested

wheatgrass on treated areas ranged from 8 to 88 plants per 100 ft2 and

was not found on untreated areas. Sedge, basin wildrye, and junegrass

showed no change in density following plow-seed treatment. Indian rice-

grass decreased in density on the six and ten-year-old seedings and

showed no change on the seven-year-old seeding. Sandberg bluegrass and

needleandthread decreased on the six, seven, and ten-year-old seedings.

Density of either species on treated areas was 0 plants per 100 ft2

except for needleandthread which had a density of 1 plant per 100 ft2

on the seven-year-old seeding. Density of Sandberg bluegrass on all

untreated areas was 2 plants per 100 ft2. Density of needleandthread

on untreated areas ranged from 6 to 48 plants per 100 ft2. Bottle-

brush squirreltail decreased on the three and seven-year-old treatments

and showed no change on the six-year-old treatment. Density of bottle-

brush squirreltail on treated areas ranged from 3 to 16 plants per

100 ft2 and on untreated areas ranged from 12 to 16 plants per 100 ft2.

Thurber needlegrass showed no change on the three-year-old seeding and

decreased on the six, seven, and ten-year-old seedings. Density of

Thurber needlegrass on treated areas ranged from 0 to 6 plants per

100 ft2 and on untreated areas ranged from 1 to 25 plants per 700 ft2.

Loco weed was not found on the treated areas and only 1 plant per

100 ft2 was found on both untreated areas. Cushion buckwheat did not

change in density but was only present on the six-year-old seeding.

Lupine showed no change in density on the three-year-old seeding, the
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only seeding on which it was found. Density of lupine on the treated

area was 1 plant per 100 ft2 and on the untreated areas was 3 plants

per 100 ft2. Spreading phlox exhibited no change in density on the

three-year-old seeding.

Perennial grasses and forbs generally decreased in density on

plow-seed treated areas. Density of sagebrush was also decreased on

treated areas. However, the ratio of density of perennial grasses and

forbs to density of sagebrush increased on treated areas after treat-

ment as a result of crested wheatgrass establishment (Figure 4).

Cover. Basin big sagebrush on the basin big sagebrush-bluebunch wheat-

grass-bottlebrush squirreltail habitat type was reduced in cover

following treatment. Cover for basin big sagebrush on the treated area

was 0% and on the untreated area was 26% (Table 9). Green rabbitbrush

was reduced in cover on this seeding also. Cover for green rabbitbrush

on the treated area was 1% and on the untreated area was 15%. Crested

wheatgrass increased in cover after treatment on this habitat type.

Cover for crested wheatgrass before and after treatment was 0% and 1%

respectively. Basin wildrye and bottlebrush squirreltail were reduced

in cover on this seeding. Cover for basin wildrye before and after

treatment was 3% and 0% respectively. Cover for bottlebrush squirrel-

tail before and after treatment was 4% and less than 1% respectively.

Sandberg bluegrass, locoweed, and longleaf phlox showed no change in

cover following treatment. Cover for the three species before and

after treatment was less than 1% on all sampling locations. Yarrow

and lupine decreased in cover after treatment on this habitat type.



Figure 4. Ratio of density of perennial herbaceous vegetation to
density of sagebrush for plow-seed treatments.
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Table 9. Response of Perennial
Treatment.

Vegetation Cover to Plow-Seed Manipulations for 1-10 Years After

1/ 2/

ARTRTR-AGSP-- ARTRWY-STTH
SIHY

Percent Cover

Species: 1 yeadi 3 years 6 years 7 years 10 years

U4/ T5/ R6/ U T R U T R U T R U T R

Grass
Crested wheatgrass 0 1 in 0 t in 0 13 in 0 20 in 0 24 in

Bottlebrush squirreltail 4 t de 1 1 nc 5 1 de 2 1 de

Thurber needlegrass t 0 nc 3 t de 3 t de 4 0 de

Sedge
Giant wildrye 3 0 de 0 t nc

t 0 de
t 0 nc

1 t de 0 1 in

Indian ricegrass 1 t de 1 0 de 1 0 de

Needleandthread
Sandberg bluegrass
Junegrass

t 0 nc

2 0 de

t 0 nc

t 0 de

5 0 de 5 0 de

Forbs
Cushion buckwheat 1 0 de t 0 nc t 0 nc

Loco weed t 0 nc t 0 nc t t nc

Lupine
Spreading phlox
Longleaf phlox

11 2 de

t t nc

1 t nc

0 t nc

1 0 de nc

Yarrow 2 t de

Shrubs
Green rabbitbrush 15 1 de 17 13 de 13 2 de 9 5 de 9 t de

Wyoming big sagebrush 21 6 de t 1 in 1 t de 8 2 de

Gray horsebrush t 0 nc 0 t nc t 0 nc

Gray rabbitbrush 3 0 de 3 1 de

Basin big sagebrush 26 0 de

1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type.
2/ Wyoming big sagebrush-Thurber needlegrass habitat type.



Table 9. Continued.

3/ Age of treatment in years.
4/ Untreated area of sampling location.
5/ Treated area of sampling location.
6/ Response of plant species. Cover increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
7/ A trace (less than 1% was found on the area.
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Cover for lupine before and after treatment was 11% and 2% respectively.

Wyoming big sagebrush on the Wyoming big sagebrush-Thurber

needlegrass habitat type decreased in cover on the three, seven, and

ten-year-old seedings (Table 9). Wyoming big sagebrush increased in

cover on the six-year-old seeding. Cover for Wyoming big sagebrush on

treated areas of the three, seven, and ten-year-old seedings ranged

from less and 1% to 6% and on untreated areas ranged from less than 1%

to 21%. Cover of Wyoming big sagebrush on the treated areas of the

six-year-old seeding was 1% and on the untreated area was less than 1%.

Green rabbitbrush decreased in cover on the three, six, seven, and ten-

year-old seedings on this habitat type. Cover of green rabbitbrush

on treated areas ranged from less than 1% to 13% and on untreated areas

ranged from 9% to 17%. Crested wheatgrass increased in cover on all

the seedings. Cover for crested wheatgrass on treated areas ranged

from less than 1% to 24% and was not found on the untreated areas. It

was noticed that cover for crested wheatgrass increased on the seeding

as the seeding age became older. Cover of crested wheatgrass on the

three, six, seven, and ten-year-old seeding was less than 1%, 13%, 20%,

and 24% respectively. Sedge decreased in cover on the six and seven-

year-old seedings and increased in cover on the ten-year-old seeding.

Basin wildrye showed no change in cover on the three and six-year-old

seedings. Junegrass decreased in cover on the six-year-old seeding.

Indian ricegrass decreased in cover on the six, seven, and ten-year-old

seedings. Sandberg bluegrass showed no change in cover on the six-

year-old seeding. Bottlebrush squirreltail showed no change in cover on

the three-year-old seeding and decreased in cover on the six and seven-



59

year-old seedings. Cover of squirreltail on treated areas was 1% and

on untreated areas ranged from 1% to 5%. Needleandthread decreased in

cover on the six, seven, and ten-year-old seedings. Cover of needle-

andthread on treated areas was 0% and on untreated areas ranged from

2% to %5. Thurber needlegrass showed no change in cover on the three-

year-old seeding and decreased on the six, seven, and ten-year-old

seeding. Cover of Thurber needlegrass on treated areas ranged from

0% to less than 1% and on untreated areas ranged from less than 1%

to 4%. Loco weed, lupine, and longleaf phlox showed no change in cover

on the respective seedings on which they were found. Cushion buckwheat

decreased in cover on the six-year-old seeding and showed no change in

cover on the seven and ten-year-old seedings. Spreading phlox decreas-

ed in cover on the six-year-old seeding and showed no change on the

ten-year-old seeding. Cover for all perennial forbs listed above was

1% or less.

In summary, crested wheatgrass and veiny dock increased in

representation on treated areas compared to untreated areas in the

first year following plow-seed treatment on the basin big sagebrush-

bluebunch wheatgrass-bottlebrush squirreltail habitat type. Thurber

needlegrass and loco weed showed no change in representation on treat-

ed areas. Bottlebrush squirreltail, giant wildrye, longleaf phlox,

lupine, yarrow, green rabbitbrush, and basin big sagebrush decreased

in representation on treated areas compared to untreated areas follow-

ing plowseed treatment on this habitat type.

Crested wheatgrass was the only species that increased in
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representation on treated areas compared to untreated areas three

through ten years after plow-seed treatment on the Wyoming big sage-

brush-Thurber needlegrass habitat type. Giant wildrye, loco weed,

lupine, and gray horsebrush showed no change in representation on

treated areas after plow-seed treatment on this habitat type. Thurber

needlegrass, Indian ricegras, Sandberg bluegrass, needleandthread,

junegrass, and spreading phlox decreased in representation on treated

areas after the plow-seed on this habitat type. Bottlebrush squirrel-

tail, sedge, longleaf phlox, cushion buckwheat, green rabbitbrush,

Wyoming big sagebrush, and gray rabbitbrush were mixed in their repre-

sentation on treated areas compared to untreated areas; individual

species increased, decreased, and showed no change among plots three to

ten years following plow-seed treatment on the Wyoming big sage-brush-

Thurber needlegrass habitat type.

Perennial grasses tended to decrease in frequency, cover, and

density on both habitat types on all ages of seedings except for the

three-year-old seeding in the Wyoming big sagebrush-Thurber needlegrass

habitat type. Perennial grasses and forbs on the three-year-old

seeding tended to show no change after treatment, but relatively small

values for frequency, cover, and density of perennial grasses and

forbs were found on both the treated and untreated areas. Density and

frequency for shrubs on the three-year-old seeding generally did not

show any Agnificant differences between treated and untreated areas.

Cover for shrubs on the three-year-old seeding did, however, decrease

after treatment. One explanation for this is the fact that many

shrub seedlings were growing on this seeding. Density, cover, and
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frequency of crested wheatgrass was lower on this seeding than on any

of the others. Johnson et al., (1968) reported that one important

factor in determining reinvasion rate of sagebrush on a plowed area

was how successfully the seeded species became established. A poor

establishment of seeded species resulted in a higher reinvasion rate

of sagebrush.

Perennial forbs generally showed no change in frequency, density,

and cover after treatment on the seedings located in the Wyoming big

sagebrush-Thurber needlegrass habitat type. Perennial forbs on the

one-year-old seeding located in the basin big sagebrush-bluebunch

wheatgrass-bottlebrush squirreltail habitat type and on the six and

seven-year-old seedings located in the Wyoming big sagebrush-Thurber

needlegrass habitat type generally decreased in cover, density, and

frequency. Shrubs on the ten-year-old seeding located in the Wyoming

big sagebrush-Thurber needlegrass habitat type generally did not show

any significant difference in frequency and density between treated and

untreated areas but did show a significant difference in cover between

treated and untreated areas. Many younger shrubs were observed on this

seeding. It seemed that shrubs had reinvaded to a density and fre-

quency level before treatment, but the shrubs were younger and did not

have as much cover as older shrubs. Cook and Lewis (1963) cited ex-

amples of plowed areas where 71% of the reinvading sagebrush was present

two years after removal, but cover was much lower than 71% of the total

cover for reinvading sagebrush after two years.
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Response of Annual Vegetation to Spray-Release Manipulations

The spray-release treatments included mountain big sagebrush-

Idaho fescue habitat type six years old, basin big sagebrush-bluebunch

wheatgrass-bottlebrush squirreltail habitat type four years old,

Wyoming big sagebrush-Thurber needlegrass habitat type four years old,

and Wyoming big sagebrush-bluebunch wheatgrass habitat type six years

old.

Frequency. Cheatgrass in the basin big sagebrush-bluebunch wheatgrass-

bottlebrush squirreltail habitat type showed no change in frequency

four years after spray-release treatment (Table 10). Frequency for

cheatgrass was 90% on the treated and untreated area. Littleflower

collinsia and pink microsteris decreased in frequency. Pinnate

tansymustard and hairstem groundsmoke increased in frequency after

treatment.

Cheatgrass in the Wyoming big sagebrush-Thurber needlegrass

habitat type showed an increase in frequency four years after treat-

ment (Table 10). Frequency for cheatgrass on the treated area was 4%

and on the untreated area was 0%. Littleflower collinsia did not show

a change in frequency after treatment. Pinnate tansymustard, hairstem

groundsmoke, and pink microsteris increased in frequency four years

after treatment.

Cheatgrass in the mountain big sagebrush-Idaho fescue habitat

type showed no change in frequency six years after treatment (Table 10).

Frequency for cheatgrass on the treated and untreated area was 21%.



Table 10. Response of Annual Vegetation Frequency to Spray-Release Manipulations for 4-6 Years
After Treatment.

1/ 2/ 3/ 4/
--ARTRTR-AGSP-SIHT-- --ARTRWY-STTR--

Percent Frequency
5/

Species: 4 year 4 years 6 years 6 years
U6/ T7/ R8/ U T R U T R U T R

Grass
Cheatgrass 90 90 nc 0 4 in 21 21 nc 5 9 nc

Forbs

Pinnate tansymustard 5 34 in 0 7 in 0 4 nc
Pink microsteris 75 37 de 20 62 in 0 1 nc
Hairstem groundsmoke 18 31 in 0 11 in

Littleflower collinsia 16 0 de 5 9 nc

1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type.
2/ Wyoming big sagebrush-Thurber needlegrass habitat type.
3/ Mountain big sagebrush-Idaho fescue habitat type.
4/ Wyoming big sagebrush-bluebunch wheatgrass habitat type.
5/ Age of treatment in years.
67 Untreated area of sampling location.
7/ Treated area of sampling location.
8/ Response of plant species. Frequency increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
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Pinnate tansymustard and pink microsteris showed no change in frequency

on this habitat type.

Cheatgrass in the Wyoming big sagebrush-bluebunch wheatgrass

habitat type showed no change in frequency six years after treatment

(Table 10). Frequency for cheatgrass on the treated and untreated

area was 9% and 5% respectively. No other annuals were found on this

habitat type.

There appeared to be a difference in frequency response of

annual vegetation to the spray-release treatment on different habitat

types. On the basin big sagebrush-bluebunch wheatgrass-bottlebrush

squirreltail habitat type, cheatgrass was more abundant than on any

other habitat type. It showed no difference in frequency on the treat-

ed and untreated area four years after treatment. Two annual forbs

increased and two annual forbs decreased in frequency on the basin big

sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type

after treatment. Cheatgrass on the Wyoming big sagebrush-Thurber

needlegrass habitat type was not very abundant. It was not found on

the untreated area and the frequency on the treated area was only 4%.

The annual forbs that were found on this habitat type (the same forbs

that were found on the basin big sagebrush habitat type) increased in

frequency except for littleflower collinsia. Annuals found on the

mountain big sagebrush-Idaho fescue habitat type showed no change in

frequency six years after treatment. Cheatgrass was the only annual

that was found in much abundance on this habitat type. The other two

annuals found on this habitat type, pinnate tansymustard and pink

microsteris, had a frequency on treated areas of 4% and 1% respectively



65

and neither was found on untreated areas. Cheatgrass was the only

annual found on the Wyoming big sagebrush-bluebunch wheatgrass habitat

type. Part of the reason no other annuals were found on this habitat

type was because it was the last location that was sampled in the late

spring for frequency. Some of the other annual vegetation could have

already gone through their life cycle by the time sampling was con-

ducted.

Response of Perennial Vegetation to Spray-Release Manipulation

Frequency. Thurber needlegrass in the basin big sagebrush-bluebunch

wheatgrass -bottlebrush squirreltail habitat type showed an increase in

frequency four years after spray-release treatment (Table 11). Fre-

quency of Thurber needlegrass on the treated and untreated area was

4% and 0% respectively. Western wheatgrass (Agropyron smithii), sedge,

and bottlebrush squirreltail decreased in frequency on this habitat

type. Junegrass and Indian ricegrass were found unchanged in frequency

after treatment. Needleandthread increased in frequency following

treatment. Lupine decreased in frequency while shaggy fleabane showed

no change in frequency. Basin big sagebrush decreased in frequency.

Frequency of basin big sagebrush on the treated and untreated area was

3% and 13% respectively. Green rabbitbrush did not show any signifi-

cant difference in frequency between treated and untreated areas

following treatment.

Idaho fescue in the Wyoming big sagebrush-Thurber needlegrass

habitat type showed no change in frequency four years after spray-



Table 11. Response of Perennial Vegetation Frequency to Spray-Release Manipulations for 4-6 Years
After Treatment.

Species:

Grass

1/

--ARTRTR-AGSP-SI4T--
2/ 3/

--ARTRWY-STTg-- --ARTRVA-FEIN--

Percent Frequency

4/

ARTRWY-AGST-

5/

4 year 4 years 6 years 6 years

U6/ T7/ R8/ U T R U T R U T R

Bottlebrush squirreltail 26 8 de 22 56 in 7 27 in 17 21 nc

Thurber needlegrass 0 4 in 9 3 nc 9 11 nc 33 18 de

Sandberg bluegrass 45 28 de 16 36 in 53 70 in

Junegrass 1 2 nc 3 0 de 13 16 in

Indian ricegrass 10 14 nc 0 2 nc

Idaho fescue 1 0 nc 60 52 nc

Bluebunch wheatgrass 37 33 nc 33 35 nc

Western wheatgrass 67 27 de
Sedge 47 7 de
Cusick bluegrass 2 3 nc

Needleandthread 2 25 in

Forbs
Loco weed 17 9 de 3 0 de

Yarrow 0 1 nc 6 7 nc

Sulfur buckwheat 3 0 de 1 0 nc

Shaggy fleabane 2 0 nc 3 5 nc

Lupine 5 0 de 5 1 de

Arrowleaf balsamroot
Spreading phlox

0 1 nc
nc

Hawksbeard 3 2 nc

Wyeth buckwheat 29 11 de

Longleaf phlox 1 0 nc



Table 11. Continued.

1/

--ARTRTR-AGSP-SIHY
2/ 3/

--ARTRWY-STfIT-- --ARTRVA-FE15--

Percent Frequency

4/

--ARTRWY-AGST--

5/
Species: 4 years 4 years 6 years 6 years

U6/ T7/ R8/ U T R U T R U T RShrubs
Green rabbitbrush 6 3 de 2 4 nc 14 6 de
Wyoming big sagebrush 15 17 nc 16 11
Basin big sagebrush 13 3 de
Mountain big sagebrush 24 7 de
Gray rabbitbrush

1 0 nc
Juniper

2 1 nc
Rose

1 0 nc
Gray horsebrush

3 1 nc

1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type.
2/ W yoming big sagebrush-Thurber needlegrass habitat type.
3/ M ountain big sagebrush-Idaho fescue habitat type.
4/ W yoming big sagebrush-bluebunch wheatgrass habitat type.
5/ A ge of treatment in years.
6/ U ntreated area of sampling location.
7/ Treated area of sampling location.
8/ Response of plant species. Frequency increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
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release treatment. Indian ricegrass and Thurber needlegrass showed no

change in frequency. Frequency for Thurber needlegrass on the treated

and untreated area was 3% and 9% respectively. Bottlebrush squirrel-

tail increased in frequency after treatment on this habitat type.

Junegrass and Sandberg bluegrass decreased in frequency. Loco weed,

sulfur buckwheat (Eriogonum umbellatum), and spreading phlox decreased

in frequency on this habitat type after treatment. Yarrow and longleaf

phlox showed no change in frequency while biscuitroot increased in

frequency. Frequency of Wyoming big sagebrush and green rabbitbrush

was found unchanged by the treatment. Frequency for Wyoming big sage-

brush on the treated and untreated area was 17% and 15% respectively.

The mountain big sagebrush-Idaho fescue habitat type exhibited

very little change in frequency for any species. Junegrass, Sandberg

bluegrass, and bottlebrush squirreltail increased in frequency on the

treated area. Loco weed, wyeth buckwheat, and lupine decreased in fre-

quency after treatment on this habitat type. Mountain big sagebrush

and green rabbitbrush showed a decrease in frequency on the treated

area six years after treatment. Cheatgrass, pinnate tansymustard, pink

microsteris, bluebunch wheatgrass, Idaho fescue, Sandberg bluegrass,

Thurber needlegrass, yarrow, arrowleafbalsamroot, hawksbeard, shaggy

fleabane, sulfur buckwheat, gray rabbitbrush, juniper (Juniperus

occidentalis), rose (Rosa sp.), and gray horsebrush showed no change in

frequency six years after treatment. Frequency on the treated and un-

treated area for bluebunch wheatgrass was 33% and 37%, for Idaho fescue

was 52% and 60%, for wyeth buckwheat was 11% and 29%, and for mountain



69

big sagebrush was 7% and 24% respectively.

The Wyoming big sagebrush-bluebunch wheatgrass habitat type had

very few species on it. Bluebunch wheatgrass, bottlebrush squirreltail,

and spreading phlox were found unchanged in frequency. Sandberg blue

grass increased in frequency while Thurber needlegrass and Wyoming big

sagebrush decreased in frequency. Frequency on the treated and untreat-

ed area for bluebunch wheatgrass was 35% and 33%, for Thurber needle-

grass was 18% and 33%, and for Wyoming big sagebrush was 11% and 16%

respectively.

Density. Sedge on the basin big sagebrush-bluebunch wheatgrass-bottle-

brush squirreltail habitat type exhibited a decrease in density four

years after spray-seed treatment (Table 12). Junegrass and Sandberg

bluegrass showed no difference in density and bottlebrush squirreltail

and western wheatgrass decreased in density. Needleandthread and

Thurber needlegrass both increased in density on this habitat type

following treatment. Shaggy fleabane and lupine were found unchanged

in density four years after treatment. Green rabbitbrush was found

unchanged in density and basin big sagebrush decreased in density.

Density on the treated and untreated area for western wheatgrass was

36 and 218 plants per 100 ft2, for bottlebrush squirreltail was 4 and

14 plants per 100 ft2, for needleandthread was 29 and 1 plants per 100

ft2, and for basin big sagebrush was 1 and 8 plants per 100 ft2.

The Wyoming big sagebrush-Thurber needlegrass habitat type

showed a response in density that paralleled those of frequency. Idaho

fescue, Indian ricegrass, Thurber needlegrass, spreading phlox, Wyoming



Table 12. Response of Perennial Vegetation Density to Spray-Release Manipulations for 4-6 Years
After Treatment.

Species:

Grass

1/
ARTRTR - AGSP -SIHY

2/ 3/
--ARTRWY-STTP--- --ARTRVA-FErIT--

Density (Plants per 100 ft2)

4/
--ARTRWY-AGSF--

5/

4 year 4 years 6 years 6 years
U6/ Tv/ R8/ U T R U T R T R

bottlebrush squirreltail 14 4 de 16 56 in 5 15 nc 10 12 nc
Thurber needlegrass 0 2 in 6 3 nc 5 8 nc 11 23 in
Sandberg bluegrass 51 34 de 10 34 nc 42 62 in
Junegrass 1 1 nc 2 0 de 3 8 nc
Indian ricegrass 7 7 nc 09/ 1 nc
Idaho fescue t 0 nc 55 60 nc
Bluebunch wheatgrass 23 23 nc 20 25 nc
Western wheatgrass 218 36 de
Sedge 685 51 de
Needleandthread 1 28 in
Cusick bluegrass

1 2 nc
Forbs

Spreading phlox 2 0 nc 0 1 nc
Lupine 2 0 nc 3 t nc
Loco weed

1 0 nc
Yarrow

5 8 nc
Arrowleaf balsamroot 0 t nc
Hawksbeard

2 1 nc
Wyeth buckwheat 16 6 nc
Sulfur buckwheat 3 0
Shaggy fleabane 1 0 nc t 0 nc



Table 12. Continued.

Species:

Shrubs

Green rabbitbrush
Wyoming big sagebrush
Basin big sagebrush
Mountain big sagebrush
Gray rabbitbrush
Juniper
Rose
Gray horsebrush

1/ 2/ 3/ 4/
ARTRTR-AGSP-SIWT ARTRWY-ST-117 ARTRVA-FEff ARTRWY-AG515-

Density (Plants per 100 ft2)
5/

4 year-i-

U
6/

T
7/

R
8/

4 1 nc

8 1 de

4 years 6 years 6 years
U T R U T R U T R

1 2 nc
8 9 nc

7 3 nc

13 4 de
t 0 nc
1 1 nc
1 0 nc
1 1 nc

6

1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type.
2/ W yoming big sagebrush-Thurber needlegrass habitat type.
37 M ountain big sagebrush-Idaho fescue habitat type.
4/ W yoming big sagebrush-bluebunch wheatgrass habitat type.
6/ Age of treatment in years.
6/ Untreated area of sampling location.
7/ Treated area of sampling location.
8/ R esponse of plant species. Density increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated xersus untreated areas.
9/ A trace (less than 1 plants per 100 ft) was found on the area.
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big sagebrush, and green rabbitbrush showed no change in density on

this habitat type (Table 12). Sandberg bluegrass and sulfur buckwheat

decreased in density while bottlebrush squirreltail exhibited an in-

crease in density four years after treatment. Density on the treated

and untreated area for Sandberg bluegrass was 34 and 51 plants per

100 ft2, for bottlebrush squirreltail was 56 and 16 plants per 100 ft2,

for Thurber needlegrass was 3 and 6 plants per 100 ft2, and for Wyoming

big sagebrush was 9 and 8 plants per 100 ft2.

Mountain big sagebrush decreased in density after treatment on

the mountain big sagebrush-Idaho fescue habitat type. All other species

including bluebunch wheatgrass, Idaho fescue, junegrass, cushion buck-

wheat, Cusick bluegrass (Poa cusickii), Sandberg bluegrass, bottlebrush

squirreltail, Thurber needlegrass, loco weed, yarrow, arrowleaf balsam-

root, hawksbeard, wyeth buckwheat, shaggy fleabane, sulfur buckwheat,

lupine, green rabbitbrush, gray rabbitbrush, juniper, rose, and gray

horsebrush showed no significant change in density six years after

treatment. Density on the treated and untreated area for bluebunch

wheatgrass was 23 and 23 plants per 100 ft2, for Idaho fescue was 60

and 55 plants per 100 ft2, for Sandberg bluegrass was 34 and 10 plants

per 100 ft2, for Sandberg bluegrass was 34 and 10 plants per 100

ft2, for wyeth buckwheat was 6 and 16 plants per 100 ft2, and for

mountain big sagebrush was 4 and 13 plants per 100 ft2.

The Wyoming big sagebrush-bluebunch wheatgrass habitat type had a

response of plant species in density measurements that paralleled those

of frequency measurements. Bluebunch wheatgrass, bottlebrush squirrel-
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tail, and spreading phlox were found unchanged in density six years

after treatment. Sandberg bluegrass and Thurber needlegrass increased

in density and Wyoming big sagebrush decreased in density. Density

on the treated and untreated areas for bluebunch wheatgrass was 25

and 20 plants per 100 ft', for Sandberg bluegrass was 62 and 42 plants

per 100 ft2, for Thurber needlegrass was 23 and 11 plants per 100 ft2,

and for Wyoming big sagebrush was 6 and 9 plants per 100 ft2.

Cover. Western wheatgrass and sedge on the basin big sagebrush-blue-

bunch wheatgrass-bottlebrush squirreltail habitat type showed a de-

crease in cover four years after spray-release treatment (Table 13).

Indian ricegrass and needleandthread were found unchanged in cover on

this habitat type. Lupine and shaggy fleabane showed no change in

cover on the treated and untreated area Basin big sagebrush and

green rabbitbrush were found unchanged in cover. Cover on the treated

and untreated area for sedge was 4% and 57%, for Indian ricegrass was

10% and 4%, for needleandthread was 7% and 0%, and for basin big sage-

brush was 22% and 2%.

Junegrass, Cusick bluegrass, Sandberg bluegrass, and Wyoming big

sagebrush on the Wyoming big sagebrush-Thurber needlegrass habitat

type showed no change in cover four years after treatment. Thurber

needlegrass, sulfur buckwheat, Hoods phlox, and green rabbitbrush

decreased in cover while bottlebrush squirreltail increased in cover

on this habitat type. Cover on the treated and untreated area for

bottlebrush squirreltail was 6% and 2%, for Sandberg bluegrass was

2% and 3%, and for Wyoming big sagebrush was 15% and 24%.



Table 13. Response of Perennial Vegetation Cover to Spray-Release Manipulations for 4-6 Years

After Treatment.

1/

--ARTRTR-AGSP-SIHT
2/ 3/

--ARTRWY-STIF-- --ARTRVA-FErU--

Percent Cover

4/
--ARTRWY-AGSM

5/
Species: 4 year-s- 4 years 6 years 6 years

U6/ T7/ R8/ U T R U T R U I R

Grass

Bottlebrush squirreltail 2 2 nc 2 69/ in 1 2 nc 1 1 nc
Thurber needlegrass 1 1 nc 1 t- de 1 2 nc 0 2 in
Sandberg bluegrass 3 2 nc 1 4 nc 2 3 in
Cusick bluegrass t 0 nc t t nc
Junegrass t 0 nc 1 1 nc
Bluebunch wheatgrass 3 4 nc 5 8 in
Western wheatgrass 5 2 de
Sedge 57 4 de
Indian ricegrass 4 10 in
Needleandthread
Giant wildrye
Idaho fescue

0 7 in

1

10
t

11

nc

nc
Forbs

Loco weed
Yarrow
Arrowleaf balsamroot
Hawksbeard
Wyeth buckwheat
Stoneseed

0

t

t

t

4

1

t

1

t

t

2

t

nc

nc

nc

nc

nc
nc

Sulfur buckwheat 1 0 de
Hoods phlox 1 0 de
Shaggy fleabane t 0 nc
Lupine
Spreading phlox

t 0 nc

t 0 nc



Table 13. Continued
1/

ARTRTR-AGSP-S11-7---
2/ 3/

ARTRWY-STTR--- ---ARTRVA-FEITO'

Percent Cover

4/

--ARTRWY-AGSP'-

5/
Species: 4 years 4 years 6 years 6 years

U6/ T7/ R8/ U U T U T R
Shrubs

Green rabbitbrush 2 0 nc 2 t de 3 0 1 in
Wyoming big sagebrush 24 15 nc 10 7 de
Basin big sagebrush
Mountain big sagebrush
Juniper
Bitterbrush
Gray horsebrush

20 20 nc

22 5

t t

t 1

1 2

de
nc
nc
nc

1/ Basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail habitat type.
2/ Wyoming big sagebrush-Thurber needlegrass habitat type.
3/ M ountain big sagebrush-Idaho fescue habitat type.
4/ Wyoming big sagebrush-bluebunch wheatgrass habitat type.
5) A ge of treatment in years.
6/ U ntreated area of sampling location.
7/ Treated area of sampling location.
8/ Response of plant species. Cover increased (in), decreased (de), or remained unchanged (nc) at

probability less than 0.05 in treated versus untreated areas.
9/ A trace (less than 1%) was found on the area.
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The mountain big sagebrush-Idaho fescue habitat type exhibited

responses in cover for plant species much like those responses ob-

served in density and frequency measurements. Mountain big sagebrush

decreased in cover on this habitat type six years after treatment.

All other species including bluebunch wheatgrass, giant wildrye,

Idaho fescue, junegrass, Cusick bluegrass, Sandberg bluegrass, bottle-

brush squirreltail, Thurber needlegrass, loco weed, yarrow, arrow-

leaf balsamroot, hawksbeard, wyeth buckwheat, stoneseed, lupine, long-

leaf phlox, green rabbitbrush, juniper, bitterbrush (Purshia triden-

tata), and gray horsebrush showed no change in cover six years after

treatment. Cover on the treated and untreated area for bluebunch

wheatgrass was 4% and 3%, for Idaho fescue was 11% and 10%, for

wyeth buckwheat was 2% and 4%, and for mountain big sagebrush was 5%

and 22%.

Bluebunch wheatgrass, Sandberg bluegrass, Thurber needlegrass,

and green rabbitbrush on the Wyoming big sagebrush-bluebunch wheat-

grass habitat type showed an increase in cover six years after

treatment. Bottlebrush squirreltail and spreading phlox showed no

change in cover six years after treatment. Wyoming big sagebrush

showed no change in cover six years after treatment. Wyoming big

sagebrush showed a decrease in cover six years after treatment.

Cover on the treated and untreated area for bluebunch wheatgrass was

8% and 5%, for Thurber needlegrass was 2% and 0%, for Sandberg blue-

grass was 3% and 2%, and for Wyoming big sagebrush was 7% and 10%.

Density of perennial grasses and forbs increased on all habitat
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types following treatment. Density of sagebrush decreased on all

habitat types except the Wyoming big sagebrush-Thurber needlegrass

habitat type where it showed no change in density following treatment.

On all four habitat types the ratio of density of perennial grasses

and forbs to density of sagebrush increased. For example, the Wyoming

big sagebrush-Thurber needlegrass habitat type four years after treat-

ment had a ratio on the treated area of 10 and on the untreated area

had a ratio of 10.4 (Figure 5).

In summary, Thurber needlegrass and needleandthread increased in

representation on treated areas compared to untreated areas four years

after spray-release treatment on basin big sagebrush-bluebunch wheat-

grass-bottlebrush squirreltail habitat type. Junegrass, Indian rice-

grass, shaggy fleabane, lupine, and green rabbitbrush showed no

change in representation on treated areas compared to untreated areas

four years after spray-release on the same habitat type. Bottlebrush

squirreltail, western wheatgrass, sedge, and basin big sagebrush de-

creased in representation on treated areas compared to untreated

areas four years after spray-release treatment on the same habitat

type.

Bottlebrush squirreltail increased in representation on treated

areas compared to untreated areas four years after spray-release

treatment on Wyoming big sagebrush-Thurber needlegrass habitat type.

Cusick bluegrass, green rabbitbrush, and Wyoming big sagebrush showed

no change in representation on treated areas compared to untreated

areas four years after spray-release treatment on the same habitat
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Figure 5. Ratio of density of perennial herbaceous vegetation to
density of sagebrush for spray-release treatments.
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type. Sandberg bluegrass, junegrass, and sulfur buckwheat decreased

in representation on treated areas. Thurber needlegrass and spread-

ing phlox were mixed in their representation on treated areas com-

pared to untreated areas four years following spray-release treatment

on the same habitat type; species increased, decreased, or showed no

change on plots on treated areas.

Bottlebrush squirreltail, Thurber needlegrass, Sandberg blue-

grass, Cusick bluegrass, junegrass, bluebunch wheatgrass, Idaho fes-

cue, loco weed, yarrow, arrowleaf balsamroot, hawksbeard, wyeth buck

wheat, stoneseed, sulfur buckwheat, shaggy fleabane, green rabbit-

brush, juniper, bitterbrush, and gray horsebrush showed no change

in representation on treated areas compared to untreated areas six

years after spray-release treatment on mountain big sagebrush-Idaho

fescue habitat type. Mountain big sagebrush decreased in repre-

sentation on treated areas on the same habitat type.

Thurber needlegrass and Sandberg bluegrass increased in repre-

sentation on treated areas compared to untreated areas six years fol-

lowing spray-release treatment on Wyoming big sagebrush-bluebunch

wheatgrass habitat type. Bottlebrush squirreltail, bluebunch wheat-

grass, and spreading phlox showed no change, and Wyoming big sage-

brush decreased in representation on treated areas compared to un-

treated areas six years after spray-release treatment on the same

habitat type.

General trends observed for the spray-release treatment showed

more perennial grasses did not appear to change in frequency, density,
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or cover than increased or decreased following treatment. Perennial

forbs generally did not change in frequency, density, or cover following

treatment. Shrubs other than sagebrush generally did not change in

frequency, density, and cover after treatment. Sagebrush decreased in

frequency and density on all the habitat types except the Wyoming big

sagebrush-Thurber needlegrass habitat type where no change was observed

in either density or frequency. Sagebrush decreased in cover on two

habitat types and did not change in cover on the other two habitat types.

The basin big sagebrush-bluebunch wheatgrass-bottlebrush squirreltail

and Wyoming big sagebrush-Thurber needlegrass habitat types did not

show any decrease in density or frequency of sagebrush four years after

treatment. There are three possibilities for these observations: (1)

the sagebrush may not have been killed by 2,4-D on the treated area,

(2) the sagebrush on the treated area was partially killed, but it had

more cover and a larger density and frequency than the untreated area

before it was sprayed due to differences in management, and (3) the

sagebrush on the treated area was partially killed and a fast reinvasion

of sagebrush occurred. Sagebrush on the basin big sagebrush-bluebunch

wheatgrass-bottlebrush squirreltail habitat type showed a decrease in

frequency and density, but showed no change in cover. According to

Johnson (1958), sagebrush moderately killed by application of 2,4-D

will, in spite of the reduction in sagebrush plants, have an increase

in crown cover. Johnson (1958) explained that spraying sagebrush and

partially killing the stand gives the surviving sagebrush plants less

competition for moisture and nutrients in the soil and more room to

grow and expand.
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The mountain big sagebrush-Idaho fescue habitat type showed a

most no response from species other than sagebrush in frequency,

cover, and density. This habitat type also had more species located

on it than any other habitat type. Winward (1970) noted that the

mountain big sagebrush-Idaho fescue habitat type was higher in ele-

vation and was growing on a more mesic site than the other three

habitat types examined in this study. Winward (1970) also found the

cooler more mesic sites supported a greater number of different

species than the drier and warmer sites.

Hurd (1955) and Mueggler and Blaisdell (1956, 1958) found that

many perennial forb species were injured or killed by 2,4-D appli-

cation. They were, however, working at an elevation about 2000 feet

higher than this study. Many of the forbs specie they observed in

their work were not found on this study. The habitat type used in

this study that represented the closest plant community they studied

was the mountain big sagebrush-Idaho fescue habitat type. Many of

the species present on their plots that were killed or injured were

not harmed by 2,4-D on this habitat type in this study.

Sagebrush Density and Crown Cover

The differences in sagebrush density between treated and un-

treated areas on five spray-seed treatments in the Wyoming big sage-

brush-Thurber needlegrass habitat type plotted against age of treat-

ment produced a linear relationship (Figure 6). Linear regression

analysis applied to the data gave the following relationship:
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Figure 6. Density of sagebrush versus age of spray-seed treatment on
the Wyoming big sagebrush-Thurber needlegrass habitat type.
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Y= -2.55X + 19.55

where Y = difference in sagebrush density between treated and

untreated areas in plants per 100 ft2.

X = age of treatment in years.

The coefficient of determination for the above relationship was 0.74.

This relationship was significant at the 1% probability level.

The above relationship showed that in approximately 7.6 years,

the density of sagebrush on the treated area will be equal to the

density of sagebrush on the untreated area. Sneva (1972) and Hedrick

et al. (1966) obtained similar results on studies of sagebrush density

and cover on areas sprayed with 2,4-D.

Linear regression analysis showed no significant relationship

existed between the difference in sagebrush density on treated and

untreated areas and age of the four plow-seed treatments on the

Wyoming big sagebrush-Thurber needlegrass habitat type. Many factors

determine the rate of sagebrush reinvasion following a plow-seed

treatment. Poulton (1949) stated that one important factor was

timeliness of the plowing and seeding operations. The slowest re-

invasion rate was obtained when seeding was started as soon after

plowing as possible. Bleak and Miller (1955) indicated the lowest

reinvasion rate was obtained when the plowing operation was done in

the summer as opposed to either spring or fall. Johnson and Payne

(1968) found the number of sagebrush plants surviving a plowing

treatment was the biggest factor related to sagebrush reinvasion.

The surviving sagebrush is a seed source from which new seedlings
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grow. A large variability in reinvasion rates within the four plow-

seed treatments on the Wyoming big sagebrush-Thurber needlegrass

habitat type was found. Combinations of the different factors listed

above probably contributed to the high variability found.

Regression analysis of the spray-release treatment showed no

relationship between difference in sagebrush density on treated and

untreated areas and age of treatment. The main reason for this was

four different habitat types were included in this treatment. Each

habitat type was expected to respond to the treatment differently

(Winward, 1970, and Tisdale et al., 1969). Winward (1970) found the

density and cover of the three subspecies of big sagebrush vary

among habitat types.

Photo Interpretation

Earth Resources Technology Satellite (ERTS) imagery (scale 1:

1,000,000 color reconstitution) and high flight photography (scale

120,000 color infrared) were used in this study. ERTS imagery

allowed an overall view of the study area, but the scale proved to

be too small to locate individual range improvement areas. High

flight photography covered the area except around Stauffer. High

flight photography was incorporated in the following ways. First,

the imagery was used to get a perspective of the area in which the

study was conducted. Such things as topography, land features

(mountains, spring, etc.), fences, roads, wells, and ranches were

located in order to get acquainted with the study area. The imagery
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was then used to help locate and identify different range improvements.

The improvements involved in this work were plow-seed, spray-seed,

spray-release, and no treatment. Plowed areas could be distinguished

from the sprayed areas; however, with the photos used, sprayed areas

could not be broken down into spray-seed or spray-release. The

plowed areas were lighter in color than the sprayed areas had a more

pronounced boundary. The physical differences between where a plow

was dragged and an area not plowed have a definite pattern, but

where a pilot shuts off his spray each time may vary. In addition

spray may drift and will give an indistinct boundary on the perimeter

of a sprayed area. Finally, the photography was used to find the

relative sizes of different improved areas to the total area under

consideration (Table 14). The improved areas were found to consti-

tute a minor percent of the total land area in the study area. More

acres were improved by spraying than by plowing the study area.

Table 14 below shows a value for the number of acres improved by

the spray-release treatment. Even though the spray-release treat-

ment could not be distinguished from the spray-seed treatment, the

boundary of the spray-release treatment on the Hampton Co-op was

known and delineated so that the acreage could be calculated.

Records showed the total acreage in the Hampton Co-op was 20,480

acres versus 22,150 calculated (Table 14). This difference amounts

to about 8%.
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Table 14. Acres of Improvements on G.I. and Hampton Co-op Ranches.

Hampton Co-op G.I. Ranch

Treatment Calculated Acres Treatment Calculated Acres

Spray-release 2,380 Spray-release 0

Plow-seed 610 Plow-seed 4,480

Spray-seed 12,400 Spray-seed 6,560

Untreated 6,760 Untreated 26,350

Total 22,150 Total 37,390
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CONCLUSIONS AND MANAGEMENT IMPLICATIONS

Vegetation Response to Improvement Treatment
on Different Habitat Types

Results of this study agreed with the hypothesis stated by Tis-

dale et al. (1969) and Winward (1970) in which they suggested response

of vegetation to a particular management practice would probably be

greatly different on different habitat types. This study also support-

ed work done by Hedrick et al. (1966) where the ecological response of

vegetation was monitored following mechanical and chemical removal of

sagebrush. While this study was not inclusive enough to include each

type of improvement on each habitat type for several different ages,

it did cover enough combinations to make inferences about plant re-

sponses in different situations.

There were differences in plant species response on four habitat

types improved by spray-release treatment. Winward (1970) noted

differences in soil, moisture, elevation, and temperature between

habitat types. These environmental factors probably influenced plants

to respond differently between habitat types modified by the same

improvement manipulation. Winward (1970) found each habitat type to

have different dominant species, different total number of species,

and different compositions of each species. Each species present in a

habitat type exerts its individual influence in modifying other species'

micro-environment (Daubenmire, 1968). Since the same plant species on

different habitat types responded differently to the same improvement

manipulation, management implications for future improvements can be
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considered. Range managers, wildlife biologists, and ecologists should

be aware of differential response of a plant species on different habi

tat types before improvement practices are performed. The cost in-

volved in improving different habitat types by the same treatment are

approximately the same, but the benefits derived from the improvement

could be greatly different for different habitat types. The understory

vegetation varies from habitat type to habitat type. Management ob-

jectives as well as cost and benefit analysis should be taken into

account when decisions to improve certain habitat types are made.

There were differences in plant species response to different

types of treatments on the same habitat type. Each improvement

manipulation probably modified the microenvironment of .a common habi

tat type differently. Hedrick et al. (1966) found mechanical and

chemical removal of sagebrush modified plant competition, soil moist-

ure, and soil temperature differently on the same habitat type.

Changes in microenvironmental factors express themselves by changes in

plant responses (Daubenmire, 1968). Areas improved by the plow-seed

manipulation had more plant species that changed, either increasing

or decreasing in frequency, density, or cover, than areas improved by

the other two treatments. It seems reasonable to assume that the

plow-seed treatment also modified the microenvironment more than the

other two treatments. Plowing destroyed most of the species present

before treatment. Seeding crested wheatgrass, an introduced species,

coupled with reduced competition from brush and other understory

species, probably modified the microenvironment more than the other
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two treatments.

Areas improved by the spray-seed manipulation had more species

that changed, either increasing or decreasing in frequency, density,

and cover after treatment, than did areas improved by the spray-release

treatment. Spraying 2,4-0 which reduced brush competition and seeding

crested wheatgrass modified the microenvironment more than did the

spray-release treatment.

The spray-release manipulation had the smallest number of species

that changed following treatment. It also probably had the least

microenvironment modification, Spraying 2,4-D reduced brush competi-

tion, but since no seeded species were introduced, there was one less

factor to modify the microenvironment.

Crested wheatgrass was the major understory species following the

plow-seed and spray-seed treatments. It seemed to make up a bigger

portion of the species composition on the areas improved by the plow-

seed treatment than on the areas improved by the spray-seed treatment.

In no seeding did crested wheatgrass become the only understory

species.

The fact that the same plant species responded differently to

different improvement treatments on the same habitat type has import-

ant management implications. Range managers, wildlife biologists, and

ecologists need to take this into consideration when plans concerning

range improvement are made. Management objectives should be taken

into account before proceeding with range improvement.

The original sagebrush-grass vegetation in Eastern Oregon was
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not a homogeneous type (Poulton and Tisdale, 1961). At least nine

sagebrush species and subspecies occurred over extensive areas, each so

well adapted to the sites they occupied that intermixing of sagebrush

species was minimal (Winward, 1974). Factors such as climate, soil,

elevation, and temperature differentiated the area on which each habi-

tat type was found. It is important to understand and to be able to

recognize habitat types in planning future range improvement work.

Sagebrush Density and Crown Cover

Results of this study showed sagebrush reinvasion on a given habi-

tat type improved by different types of treatment was different. Spray-

seed manipulations performed on a Wyoming big sagebrush-Thurber needle-

grass habitat type resulted in a linear relationship betweeen the dif-

ference in density of sagebrush on treated and untreated areas and ages

of improvements. Plow-seed manipulations performed on the same habitat

type did not have a similar relationship that was significant even at

the 15% probability level. The fact that the spray-seed treatment

expressed a relationship and the plow-seed did not probably reflected

the number of variables responsible for sagebrush reinvasion in each

case. On plowed areas, factors such as time or eradication (Bleak and

Miller, 1955), sagebrush surviving the plow treatment (Johnson and

Payne, 1969), success of seedling establishment of seeded species

(Poulton, 1949), and the loss of plants present before plowing to

keep out sagebrush seedlings (Poulton, 1949) are important. On

sprayed areas the factors that seem to dictate the reinvasion rate of
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sagebrush, are seedling establishment of seeded species (Poulton, 1949)

and sagebrush plants surviving the spray treatment (Johnson and Payne,

1968).

Either method of controlling big sagebrush was satisfactory.

Economic considerations, management objectives, and species composition

are the deciding factors between plowing and spraying sagebrush. If

plowing is used, then it is important to get a good establishment of

seeded species as soon as possible to prevent invasion of undesirable

plant species. If spraying is used, understory species should be ex-

amined to ascertain if desirable species are in great enough quantity

to revegetate the soil. If desirable species are not in sufficient

quantity, then seeding of desirable and palatable species should

follow the spraying operation (Hyder et al., 1950).

Photo Interpretation

The results of the photo interpretation portion of this study were

satisfactory considering the limited knowledge with which it was

conducted. Many other methods for measuring area other than the elec-

tric dot grid method could have been used in this type of calculation.

This method was chosen because it was fast but accurate (Avery, 1969),

Records for the Hampton Co-op showed the total acreage in the ranch to

be 20,480 acres versus 22,150 acres calculated. This difference

amounted to about 8%. However, how the recorded acreage was reached

was not known, and it may have been only an estimation. High flight

photography holds potential for this type of calculation. It also
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has many other applications to a study of this kind. A few of these

applications are:

(1) Monitoring an improved area for reinvasion of sagebrush.

When crown cover of sagebrush reached a certain level, another applica-

tion of spray may be recommended. This would call for correlation of

crown cover measured on the ground to what is seen on the photograph.

(2) Planning for future range improvements by looking at relative

location of the proposed area to water, buildings, fences, topography

(steepness), and other improved areas.
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SUMMARY

Objectives were (1) to determine the impact of spray-seed,

spray-release, and plow-seed improvements on community structure for

several selected range habitat types, (2) to evaluate relationships of

three subspecies of big sagebrush to improvement treatment on under-

story vegetation, (3) to determine the density and crown cover of the

three subspecies of big sagebrush for the different treatment types

and ages of treatment, and (4) to use space imagery and high flight

photography to relate and compare range improvements to the total

range area in the study area.

This Study was conducted on the G.I. ranch, Hampton Co-op, and

BLM land in the Hampton, Oregon area. This area was characterized by

nearly horizontal beds of little-eruded lava. Climate was semi-arid

with cold winters and warm, dry summers. The vegetation was predom-

inantly sagebrush with an understory of bunchgrass. Weather records

from Squaw Butte (35 miles east of Hampton) showed a thirty year mean

annual precipitation of 11.8 inches. July, the hottest month of the

year, had a mean annual temperature of 67 F and January, the coldest

month, had a mean annual temperature of 25 F. Field data were taken

during the summer of 1973. Sampling locations were selected in the

Wyoming big sagebrush-Thurber needlegrass habitat type, Wyoming big

sagebrush-bluebunch wheatgrass habitat type, mountain big sagebrush-

Idaho fescue habitat type, and basin big sagebrush-bluebunch wheat-

grass-bottlebrush squirreltail habitat type. Different ages of im-

provement treatments were measured. Frequency measurements on
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annuals were taken later in the summer. Deirity and cover date were

subjected to the student-t test. Frequency data were subjected to the

chi-square test for independence. A five percent or less probability

level was considered statistically significant.

Important observations of this study were as follows:

(1) Plant species responded differently on four habitat types im-

proved by the spray-release treatment.

(2) Plant species were found to respond differently on Wyoming big

sagebrush-Thurber needlegrass habitat type improved by different

treatments.

(3) Sagebrush reinvasion on sprayed and seeded areas of the same

habitat type had a linear relationship between density of sage-

brush on treated and untreated area and age of treatment.

(4) Sagebrush reinvasion of plowed areas of the same habitat type

did not have any relationship between density of sagebrush on

the treated and untreated area and age of treatment.

(5) High flight photography was used to measure acreage of each type

of improvement in the study area. Calculated acreage from the

photography was compared to known acreage on the Hampton Co-op

ranch. A difference of 8% was observed.



95

LITERATURE CITED

Alley, H.P. and D.W. Bohmont. 1958. Big sagebrush control. Wyoming
Agr. Exp. Sta. Bull. 354. 6p.

Avery, T. Eugene. 1969. Interpretation of aerial photographs. 2d ed
Minneapolis, Burgress. 324p.

Beetle, A.A. 1960. A study of sagebrush the section tridentatae of
Artemisia. Wyoming Agr. Exp. Sta. Bull. 368. 83p.

Bleak, A.T. and Warren G. Miller. 1955. Sagebrush seedling production
as related to time of mechanical eradication. J. Range Manage.
8:66-68.

Bohmont, Dale W. 1954. Chemical sagebrush control-good or bad.
Wyoming Agr. Exp. Sta. Circ. 54. 7p.

Branson, F.A., R.F. Miller, and I.S. McQueen. 1966. Contour furrow-
ing, pitting, and ripping on rangelands of the Western United
States. J. Range Manage. 19:182-190.

Brimlow, George Francis. 1951. Harney County, Oregon and its range-
land. Portland, Oregon, the Metropolitan Press. 316p.

Brown, Dorothy. 1954. Methods of surveying and measuring vegetation.
London, Canterbury. 223p.

Buckman, Harry O. and Nyle C. Brady. 1967. The nature and properties
of soils. 6th ed. Macmillan, New York. 567p.

Bunch, Thomas. 1973. Extension Agent in Range, Crook County Extension
Service, Oregon State University. Personal Communications.
Corvallis, Oregon

Canfield, R.H. 1941. Application of the line interception method in
sampling range vegetation. J. Forestry. 39:388-394.

Colwell, Robert N. 1960. Manual of photographic interpretation.
American Society of Photogrammetry, Washington, D.C. 868p.

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

Daubenmire, Rexford. 1968. Plant communities. New York, Harper and
Row. 300p.



96

Franklin, Jerry F. and C.T. Dyrness. 1973. Natural vegetation of
Oregon and Washington. USDA Forest Service General Technical
Report PNW-8. 416p.

Gates, Dillard H. 1974. Restoration of grasses in the sagebrush-
grass steppes of Northwestern United States of America. Proceed-
ings, XII International Grassland Congress. Moscow, Russia.
(In press)

Heddle, R.G. 1933. The specific frequency method. Agr. Prog. 10:232.

Hedrick, D.W., D.N. Hyder, F.A. Sneva, and C.E. Poulton. 1966. Eco-

logical response of sagebrush-grass range in Central Oregon to
mechanical and chemical removal of Artemisia. Ecology. 47:432-439.

Hurd, Richard M. 1955. Effects of 2,4-D on some herbaceous range
plants. J. Range Manage. 8:126-128.

Hyatt, S.W. 1966. Sagebrush control-costs, benefits, and results to
the rancher. J. Range Manage. 19:42-43.

Hyder, F.A. Sneva, and W.A. Sawyer. 1950. Sagebrush or grass.
Circular of Information 590. 10p.

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

Hyder, Donald N. and Forrest A. Sneva. 1958. Sagebrush control in
Oregon. Paper presented at the Eleventh annual meeting of the
Society for Range Management, Phoenix, Arizona. 10p.

Johnson, W.M.
control.

Johnson, W.M.
Wyoming.

1958. Reinvasion of big sagebrush following chemical
J. Range Manage. 11:169-172.

1969. Life expectancy of a sagebrush control in Central
J. Range Manage. 22:177-182.

Johnson, James R. and Gene F. Payne. 1968. Sagebrush reinvasion as
affected by some environmental influences. J. Range Manage.
21:209-213.

Klomp, G.T. and A.C. Hull Jr. 1968. Effects of 2,4-D on emergence
and seedling growth of range grasses. J. Range Manage. 21: 67-70.

Koehler, David A. 1970. A review of the literature on reseeding sage-
brush-bunchgrass in the semi-arid Western United States. Oregon

project W-53-R-12, Federal Aid Progress Reports, Game Research
Division. 103p.



97

Laycock, William A. and Thomas A. Phillips. 1968. Long-term effects
of 2,4-D on lanceleaf rabbitbrush and associated species.
J. Range Manage. 21:90-93.

Mueggler, Walter F. and James P. Blaisdell. 1956. Effects of 2,4-D
on forbs and shrubs associated with big sagebrush. J. Range
Management. 9:38-40.

Mueggler, Walter F. and James P. Blaisdell. 1958. Effects on associ-
ated species of burning, rotobeating, spraying, and railing sage-
brush. J. Range Manage. 11:61-66.

Pechanec, Joseph F., A. Perry Plummer, Joseph H. Robertson, and A.C.
Hull Jr. 1965. Sagebrush control on rangelands. Agr. Handbook
277. 40p.

Plummer, A. Perry, A.C. Hull Jr., George Stewart, and Joseph H. Robert-
son. 1955. Seeding rangelands in Utah, Nevada, Southern Idaho,
and Western Wyoming. USDA Agr, Handbook 71.

Poulton, Charles E. 1949. Will sagebrush come back on seeded range?
Paper given before the first annual meeting of the Pacific North
west Section of the American Society of Range Management. 4P.

Poulton, Charles E. and E.W. Tisdale. 1961. A quantitative method
for the description and classification of range vegetation. J.
Range Manage. 14:13-21.

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

Stearns, Forest W. 1958. Floristic composition as measured by plant
number, frequency of occurrence, and plant cover. Proceedings
Range Methods, Tifton, Georgia.

Steel, Robert G.D. and James H. Torrie. 1960. Principles and proce-
dures of statistics. New York, McGraw-Hill. 437p.

Stoddart, L.A. and A.D. Smith. 1955. Range Management. New York,
McGraw-Hill. 491p.

Strickler, Gerald S. and Forest W. Stearns. 1962. The determination
of plant density. U.S. Dept. of Agr. Misc. Publ. 940. 40p.

Tisdale, E.W., M. Hironaka, and M.A. Fosberg. 1969. The sagebrush
region in Idaho - a problem in range resource management. Idaho
Agr. Exp. Sta. Bull. 512. 15p.



98

Tueller, Paul T. 1962. Plant succession on two Artemisia habitat
types in Southeastern Oregon. PhD. Thesis. Oregon State
University, Corvallis. 249 numb. leaves.

Tueller, Paul T., Garrvin Lorain, Karl Kipping, and Charles Wilkie.
1972. Methods for measuring vegetation changes on Nevada range-
lands. Nevada Agr, Exp. Sta. No. T16. 15p.

Urness, Philip Joel. 1966. Influence of range improvement practices
on composition, production, and utilization of Artemisia deer
winter range in Central Oregon. PhD. Thesis. Oregon State Uni-
versity, Corvallis. 183 numb. leaves.

Winward, A.H. 1970. Taxonomic and ecological relationships of the big
sagebrush complex in Idaho. PhD. Thesis. University of Idaho,
Moscow. 80 numb. leaves.

Winward, A.H. 1974. Assistant Professor, Oregon State University,
Dept. of Rangeland Resources, Personal Communication. Corvallis,
Oregon.


